
Responses to Subpoena
“Roundup Products Liability Litigation - Civil Action No. 3:16-MD-2741-VC” 

Served on Roger Q. McClellan on November 26 , 2018

The Subpoena identified above was served on November 26, 2018 on Roger 0. 
McClellan, Editor-in-Chief of Critical Reviews in Toxicology, an international journal 
published by Taylor and Francis. Attachment A to the Subpoena contains a section 
identified as “Documents and Things to be Produced" including a list o f 19 items.

This document is a summary of the responses to the 19 items.

(1) All agreements and contracts between YOU and Monsanto 

Response:

There are no past or current agreements or contracts between Roger 0 . McClellan and 

Monsanto.
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All invoices from You to Monsanto

Response:

There are no invoices from Roger O. McClellan to Monsanto.

RM 000002



Response:

There are no communications or documents related to unrestricted research grants from 

Monsanto to Roger O. McClellan

(3) All communications and documents related to unrestricted research grants from
Monsanto to You
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Response:

Roger 0 . McClellan is not aware of any communications or documents related to 

unrestricted research grants from Monsanto to Critical Reviews in Toxicology.

(4) All communications and documents related to unrestricted research grants from
Monsanto to Critical Reviews in Toxicology
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(5) All communications and documents related to peer-review reports for Monsanto-
sponsored and/or authored manuscripts related to the potential adverse human health 
effects of GBFs, AMPA, ad/or surfactants for GBF’s published in Critical Reviews in 
Toxicology during your tenure at the journal.

Response:

I have served as Editor-in-Chief of Critical Reviews in Toxicology since 1987 (see 

attached Biography). Most recently, Critical Reviews in Toxicology has been published by 

Taylor and Francis and earlier by Informa Healthcare, both a part of Informa UK Limited.

I have not searched issues of Critical Reviews in Toxicology published prior to 2013 to 

determine if any papers on GBFs, AMPA, and/or surfactants for GBFs were published in Critical 

Reviews in Toxicology prior to 2013.

From 2013 to the present time, 9 manuscripts, authored by Monsanto scientists and/or 

scientists funded directly or indirectly by Monsanto, have been published in Critical Reviews in 

Toxicology. The 9 papers and a Foreword to a Special Supplement are listed below and copies 

are provided with this response.

Kimmel, G.L., C.A. Kimmel, A.L. Williams and J.M. DeSesso (2013). Evaluation of 
Developmental Toxicity Studies of Glyphosate with Attention to Cardiovascular Development. 
Crit. Rev. in Toxicology 43(2): 79-95.

Kier, L.D. and D.I. Kirkland (2013). Review of Genotoxicity Studies of Glyphosate and 
Glyphosate-Based Formulations. Crit. Rev. in Toxicology 43(4): 283-315.

Greim, H., D. Saltmiras, V. Mostert and C. Strupp (2015) Evaluation of the Carcinogenic 
Potential of the Herbicide Glyphosate Drawing on Tumor Incidence Data from Fourteen 
Chronic/Carcinogenicity Rodent Studies. Crit. Rev. in Toxicol 45(3): 185-208.

Kier, L.D. (2015). Review of Genotoxicity Biomonitoring Studies of Glyphosate-Based 
Formulations. Crit. Rev. Toxicol. 45(3): 209-218.

McClellan, Roger O. (2016). Foreword: Evaluating the Potential Carcinogenic Hazard of 
Glyphosate. Crit. Rev. Toxicol. 46(S1): 1-2. [Prepared independently in Roger O. McClellan’s 
role as Editor-in-Chief of Critical Reviews in Toxicology]

Williams, Gary, Marilyn Aardena, John Acquavella, Sir Colin Berry, David Brusick and Michele
M. Burns (2016). A Review of the Carcinogenic Potential of Glyphosate by Four Independent 
Expert Panels & Comparison to IARC Assessment. Crit. Rev. Toxicol. 46(S1): 3-20.
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Acquavella. John, David Garabrant, Gary Marsh, Tom Sorahan and Douglas L. Weed. (2016). 
Glyphosate Epidemiology Expert Panel Review: A Weight of Evidence Systematic Review of 
the Relationship Between Glyphosate Exposure and Non-Hodgkin’s Lymphoma or Multiple 
Myeloma. Crit. Rev. Toxicol. 46(S1): 28-43.

Williams, Gary, Colin Berry, Michele Burns, Joao LauroViana de Camargo and Helmut Greim. 
(2016). Glyphosate Rodent Carcinogenicity Bioassay Expert Panel Review. Crit. Rev. Toxicol. 
46(S1): 44-55.

Brusick, David, Marilyn Aardema, Larry Kier, David Kirkland and Gary Williams. (2016). 
Genotoxicity Expert Panel Review: Weight of Evidence Evaluation of the Genotoxicity of 
Glyphosate, Glyphosate-Based Formulations, and Aminomethylphosphonic Acid. Crit. Rev. 
Toxicol. 46(S1): 56-74.

All of these manuscripts, excluding my Foreword to the Supplement, were submitted to 

Critical Reviews in the same manner as the 100 or so manuscripts received by the journal each 

year. The entry point for manuscripts is an electronic manuscript management review system 

[Manuscript Central/Scholar One] provided by the publisher. The system may be accessed at 

https:/7mc. manuscriptcentral.com/btxc.

Solomon, Keith R. (2016). Glyphosate in the General Population and in Applications: A Critical
Review of Studies on Exposures. Crit. Rev. Toxicol. 46(S1): 21-27.

This electronic system has provision for:

(1) authors to submit manuscripts in an electronic format,
(2) the Editor to identify potential reviewers and solicit review comments,
(3) reviewers to return comments to the Editor,
(4) the Editor to send review comments (blind as to identity) to the author(s),
(5) the author to return revised manuscript to the Editor,
(6) the Editor to make a decision on the revised manuscript (accept, further revisions or 

reject),
(7) the Editor to advise author of the editorial decision, and
(8) the Editor to forward accepted manuscripts to the publisher.

The integrity of the manuscript management and review system and its successful use is 
dependent upon all parties recognizing the confidential nature of the communications between 
authors, Editor, reviewers and the publisher.

The following material taken from the Manuscript Central/Scholar One instructions to 
reviewers illustrates the emphasis given to ensuring confidentiality.

"Agreeing to review an article for this Journal implies that you as the reviewer will 
adhere to the accepted ethical standards o f  scientific, medical and academic publishing.
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Material submitted for peer review is a privileged communication that should be treated 
in confidence. Material under review should not be shared or discussed with anyone 
outside the designated review process, unless approved by the editor. All communications 
relating to the paper in review should also be treated in confidence. Any breach o f  
confidentiality in the review process is taken seriously by the journal and will be 
investigated according to the advice o f  COPE (http://vublicationethics.ors). Any conflict 
o f interest, suspicion o f  duplicate publication, fabrication o f  data, plagiarism or other 
ethical concerns must immediately be reported to the Editor. By agreeing to review this 
manuscript, you are stating that you are the person completing this review. I f  you wish to 
collaborate with a colleague and/or trainee to perform this review, or wish to assign this 
review’ to a trainee fo r  completion under your guidance, please contact the Editor for  
permission before sharing the manuscript. I f  the Editor agrees please provide the name, 
affiliation and e-mail address fo r  the trainee/colleague so he or she may be assigned as a 
reviewer directly. I f  you have any conflict o f  interest (for example, collaborate with the 
author(s) or are currently working on a similar study), please decline to review this 
manuscript and, i f  possible, suggest appropriate alternate reviewers. ”

The publisher uses a second electronic system to manage the production and publication 

of the accepted manuscripts; that system operated by Taylor and Francis is called the Central 

Article Tracking System (CATS).
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(14) All communications with any of the authors of Williams, et al., A Review o f  the 
Carcinogenic Potential o f  Glyphosate by Four Independent Expert Panels and 
Comparison to the IARC Assessment 46 Crit. Rev. Toxicol. 3-20 (2016). including all 
communications with any of the authors of the four companion papers by the Intertek 
Expert Panel, related to GBs, AMPA, and/or surfactants for GBFs.

Response:

As noted above, the primary communications between authors and the Editor are initially 

conducted electronically using the Manuscript Central/Scholar One system provided by the 

publisher, Taylor and Francis. After critical review and acceptance by the Editor-in-Chief, the 

accepted manuscripts are electronically transferred to the Central Article Tracking System 

(CATS) operated by Taylor and Francis. The CATS system is used for processing of the 

accepted manuscripts, including production of galley proofs for review and approval by the 

authors before proceeding to on-line publication. CATS is maintained and used by Taylor and 

Francis to publish the approximate 2600 journals in its portfolio.

As Editor-in-Chief, I do not maintain files to duplicate the CATS system.
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ROGER O. McCLELLAN, DVM. MMS, DSc (Honorary), 
Dipl-ABT and ABVT;

Fellow-ATS, SR A, HPS, AAAR, IARA, ATS and AAAS 
Member-National Academy of Medicine 

Advisor: Inhalation Toxicology and Human Health Risk Analysis 
13701 Quaking Aspen NE Albuquerque, NM 87111-7168, USA 

Tel: Fax:
e-mail: roger.o.mcclella:

ROGER O. McCLELLAN serves as an advisor to public and private organizations on issues of 
air quality in the ambient environment and work place using his expertise in inhalation 
toxicology, comparative medicine, aerosol science and human health risk analysis. He received 
his Doctor of Veterinary Medicine degree with Highest Honors from Washington State 
University in 1960 and a Master of Management Science degree from the University of New 
Mexico in 1980. He is a Diplomate of the American Board of Toxicology and the American 
Board of Veterinary Toxicology and a Fellow of the Academy of Toxicological Sciences.

He served as Chief Executive Officer and President of the Chemical Industry Institute of 
Toxicology (CUT) in Research Triangle Park, NC from September 1988 through July 1999. 
During his tenure, the organization achieved international recognition for the development of 
scientific information under-girding important environmental and occupational health decisions 
and regulations. Prior to his appointment as President of CIIT, Dr. McClellan was Director of 
the Inhalation Toxicology Research Institute, and President and Chief Executive Officer of the 
Lovelace Biomedical and Environmental Research Institute, Albuquerque, New Mexico. The 
Institute continues operation today as a core element of the Lovelace Respiratory Research 
Institute. During his 22 years with the Lovelace organization, he provided leadership for 
development of one of the world's leading research programs concerned with the health effects of 
airborne radioactive and chemical materials. Prior to joining the Lovelace organization, he was a 
scientist with the Division of Biology and Medicine, U.S. Atomic Energy Commission, 
Washington, DC (1965-1966), and Hanford Laboratories, General Electric Company, Richland, 
WA (1957-1964). In these assignments, he conducted and managed research directed toward 
understanding the human health risks of internally deposited radionuclides.

Dr. McClellan is an internationally recognized authority in the fields of inhalation toxicology, 
aerosol science, comparative medicine, and human health risk analysis. He has authored or co
authored over 400 scientific papers and reports and edited 10 books. In addition, he frequently 
speaks on risk assessment and air pollution issues in the United States and abroad. He is active in 
the affairs of a number of professional organizations, including past service as President of the 
Society of Toxicology and the American Association for Aerosol Research. He serves in an 
editorial role for a number of journals, including service since 1987 as Editor of Critical Reviews 
in Toxicology. He serves or has served on the Adjunct Faculty of 8 universities.
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Dr. McClellan has served in an advisory role to numerous public and private organizations. He 
has served on senior advisory committees for eight major federal agencies concerned with 
human health. T his included service as Chairman of the Clean Air Scientific Advisory 
Committee, Environmental Health Committee, Research Strategies Advisory Committee, and 
Member of the Executive Committee, Science Advisory Board, U. S. Environmental Protection 
Agency; Member for 30 years, National Council on Radiation Protection and Measurements; 
Member, Advisory Council for Center for Risk Management, Resources for the Future; a former 
Member, Health Research Committee, Health Effects Institute; and service on National 
Academy of Sciences/National Research Council Committee on Toxicology (served as Chairman 
for 7 years), Risk Assessment for Hazardous Air Pollutants, Health Risks of Exposure to Radon, 
Research Priorities for Airborne Particulate Matter, as well as the Committee on Environmental 
Justice of the Institute of Medicine. He has served on the Board of Scientific Councilors for the 
Center for Environmental Health Research of the Centers for Disease Control and Prevention 
and the Agency for Toxic Substances and Disease Registry and on the National Institutes of 
Health Scientific Advisory Committee on Alternative Toxicological Methods. He served on the 
National Aeronautics and Space Administration Lunar Airborne Dust Toxicity Advisory Group.

Dr. McClellan's contributions have been recognized by receipt of a number of honors, including 
election in 1990 to membership in the National Academy of Medicine. He is a Fellow of the 
Society for Risk Analysis, the American Association for Aerosol Research, the Health Physics 
Society, the International Aerosol Research Assembly, and the American Association for the 
Advancement of Science and American Thoracic Society Fellow. In 1985, he received the 
American Conference of Governmental industrial hygienist Herbert Stokinger Award for 
pioneering research on the health effects of exposure to diesel engine exhaust. In 1997, he 
received the Thomas T. Mercer Prize for research on inhalable materials from the International 
Society for Aerosols in Medicine and the American Association for Aerosol Research. In 1998, 
he received the International Achievement Award of the International Society of Regulatory 
Toxicology and Pharmacology for outstanding contributions to improving the science used for 
decision making on chemical safety and the International Aerosol Fellow Award of the 
International Aerosol Research Assembly for outstanding contributions to aerosol science and 
technology. In 2002, he was inducted into the University of New Mexico Anderson School of 
Management Hall of Fame for contributions to the effective management of multi-disciplinary 
research organizations. He received the Society of Toxicology Arnold J. Lehman Award in 1992 
for contributions to chemical safety, the Society's Merit Award in 2003 for a distinguished 
career in toxicology, the Society’s Founders Award in 2009 for contributions to science-based 
safety/risk decision-making and the Society’s Distinguished Toxicology Scholar Award in 2018 
for contributions to understanding the toxicity of inhaled radionuclides. In 2012, he received a 
career achievement award from the International Dose-Response Society and the American 
Association for Aerosol Research, and in 2014 from the Academy of Toxicological Sciences. In 
2016, he received the American Veterinary Medical Association Meritorious Service Award for 
public service. In 2018, he was designated as an American Thoracic Society Fellow. In 2005, 
The Ohio State University awarded him an Honorary Doctor of Science degree for his 
contributions to comparative medicine and the science under-girding improved air quality. In 
2006, he received the New Mexico Distinguished Public Service Award. In 2008, Washington 
State University presented Dr. McClellan the Regents Distinguished Alumnus Award, the 
highest recognition the University can bestow on an Alumnus.
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Dr. McClellan has a long-standing Interest in environmental and occupational health issues, 
especially those involving risk assessment and air quality and in the management of 
multidisciplinary research organizations. He is a strong advocate of science-based decision
making and the need to integrate data from epidemiological, controlled clinical, laboratory 
animal and cell studies to assess human health risks of exposure to toxic materials and to inform 
policy makers in developing standards and guidance to protect public health. He is 
internationally recognized for his knowledge of the health issues associated with a range of 
energy technologies, including nuclear power, coal combustion, oil/gas extraction and internal 
combustion engines, including the transition from traditional to clean diesel technology.
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Evaluation of developmental toxicity studies of glyphosate with 
attention to cardiovascular development
Gary L. Kimmel1, Carole A. Kimmel1, Amy L. Williams1, and John M. DeSesso1'2

'Exponent Inc, Alexandria, VA, and 2Georgetown University School o f Medicine, Washington, DC, USA

Abstract
The herbicide glyphosate has undergone multiple safety tests for developmental toxicity in rats 
and rabbits. The European Commission's 2002 review of available glyphosate data discusses 
specific heart defects observed in several individual rabbit developmental toxicity studies, but 
describes the evidence for a potential causal relationship as equivocal. The present assessment 
was undertaken to analyze the current body of information generated from seven unpublished 
rabbit studies in order to determine if glyphosate poses a risk for cardiovascular malformations. 
In addition, the results of six unpublished developmental toxicity studies in rats were 
considered. Five of the seven rabbit studies (dose range: 10-500 mg/kg/day) were GLP- and 
testing guideline-compliant for the era in which the studies were performed; a sixth study 
predated testing and GLP guidelines, but generally adhered to these principles. The seventh 
study was judged inadequate. In each of the adequate studies, offspring effects occurred only 
at doses that also caused maternal toxicity. An integrated evaluation of the six adequate 
studies, using conservative assumptions, demonstrated that neither the overall malformation 
rate nor the incidence of cardiovascular malformations increased with dose up to the point 
where severe maternal toxicity was observed (generally >150 mg/kg/day). Random occurrences 
of cardiovascular malformations were observed across all dose groups (including controls) and 
did not exhibit a dose-response relationship. In the six rat studies (dose range: 30-3500 mg/kg/ 
day), a low incidence of sporadic cardiovascular malformations was reported that was clearly 
not related to treatment. In summary, assessment of the entire body of the developmental 
toxicity data reviewed fails to support a potential risk for increased cardiovascular defects as a 
result of glyphosate exposure during pregnancy.

Keywords
Cardiac, heart, interventricular septal defect, 

rabbit, rat
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Introduction
Glyphosate, the active ingredient in popular herbicide 
formulations such as Roundup. AquaMaster and Vision 
branded products, is the most commonly used herbicide in 
the US (Grube, 2011). Specific usage statistics are not readily 
available for Europe, but are assumed to mirror those of the 
US. Glyphosate acts by targeting the enzyme enolpyruvyl- 
shikanrate phosphate synthase in plants (Williams et ah, 
2012). Although this enzyme is important in the synthesis 
of several essential amino acids in plants, it is not found 
in animals. For this reason, glyphosate is considered to be 
generally safe to people and other mammals when used 
according to the manufacturer’s instructions. Nevertheless, 
due to its widespread use and the large number of glyphosate 
manufacturers, glyphosate has been subjected to numerous 
safety tests to protect health. In a monograph developed

Address for correspondence: John M. DeSesso. Ph.D.. Exponent Inc. 
1800 Diagonal Road, Suite 500, Alexandria, VA 22314, USA. Tel: 571 - 
227-7261. E-mail: jdesesso@exponent.com

to support the European Commission’s 2002 review of 
glyphosate (BBA, 1998-2000; European Commission, 
2002), the authors discuss specific heart defects observed in 
individual rabbit developmental toxicity studies of glypho
sate. however they describe the evidence for a potential causal 
relationship as equivocal. Based on data selected from these 
studies, others have alleged there is evidence of teratogenicity 
and have called for a new risk assessment of glyphosate 
(Antoniou et al., 2012).

The present critical analysis assesses the glyphosate 
developmental toxicity database available to European regu
latory agencies in order to determine if there is, in fact, a 
cause for concern for cardiovascular defects or other malfor
mations. Rabbit and rat developmental toxicity studies on 
glyphosate conducted by member companies of the European 
Union (EU) Glyphosate Task Force were made available to 
the authors of this paper for the purpose of this analysis. 
These included seven developmental toxicity studies con
ducted in rabbits as well as six developmental toxicity studies 
conducted in rats. A PubMed search of the peer-reviewed 
literature through May 2012 was also conducted in an attempt 
to identify other studies of developmental glyphosate expo
sure and heart/cardiovascular malformations. No studies were
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found to be focused on cardiovascular defects as a result of in 
ntero glyphosate treatment. A few published studies examined 
the effects on the fetal development of in utero exposure 
to glyphosatc-based herbicide formulations (Dallegrave et al., 
2003. 2007; Daruich et al.. 2001); none of these studies, 
however, addressed visceral malformations. Therefore, the 
focus of the present analysis is on developmental toxicity 
studies of glyphosate that were conducted to fulfill regulatory 
requirements, particularly those in the rabbit. Each of the 
seven rabbit developmental toxicity studies has been critically 
evaluated with attention to whether the database as a whole is 
of sufficient quality to determine glyphosate’s teratogenic 
potential in rabbits, particularly for the cardiovascular system. 
Details of these analyses are found in the Appendix. The 
findings from six rat developmental toxicity studies con
ducted with glyphosate for regulatory purposes are also 
addressed, paying particular attention to heart and cardiovas
cular defects. Finally, the rabbit and rat data are briefly 
discussed in the context of the available epidemiological data 
for glyphosate.

Rabbit developmental toxicity database
A total of seven developmental toxicity studies of glyphosate 
have been conducted in the rabbit, the designs of which are 
summarized in Table 1. These studies, which are critically 
evaluated in the Appendix, involved testing in three different 
rabbit strains (New Zealand white. Japanese white and Dutch 
belted) and covered a wide range of glyphosate doses, from 
10 to 500 mg/kg/day. This range includes doses that caused 
overt maternal toxicity (150 mg/kg/day and above); in some 
cases, the maternal toxicity observed was substantial. Two 
of these studies (Suresh, 1993; Tasker. 1980a) had insufficient 
numbers of fetuses available for assessment at the high dose 
(500 and 350 mg/kg/day, respectively).

The seven rabbit developmental toxicity studies vary 
considerably in their quality: the numbers of animals per 
dose group, the spacing of doses, the extent of documentation 
and detail provided and the specific types of data reported. 
Five of the studies stated that they followed good laboratory 
practices (GLP) specific to the time period in which they were 
conducted (Brooker et al., 1991a; Coles and Doleman, 1996; 
Hojo, 1995; Moxon, 1996; Suresh, 1993). Another study was 
conducted prior to the establishment of GLP requirements, but 
appears to have generally adhered to GLP principles (Tasker 
et al., 1980a). In the seventh study (Bhide & Patil, 1989),

it is not clear to what extent GLP practices were followed, but 
it is unlikely that this study was fully GLP-compliant because 
the description of study results is extremely limited and 
inappropriate animals appear to have been included in the 
calculations for certain endpoints. All these studies were 
conducted according to developmental toxicity testing guide
line requirements current at the time they were initiated and 
provided quality assurance audits.

As these studies were all done in different laboratories, 
there is considerable disparity across studies in the classifi
cation of various anomalies as major malformations, minor 
malformations or variations and in the terminology used to 
describe these findings. Further, three of the studies (Bhide 
& Patil. 1989; Hojo. 1995; Suresh. 1993) did not report 
anomalies by individual fetus. Therefore, for these studies, it 
is not possible to determine whether certain fetuses showed 
multiple anomalies or if anomalies occurred in combination. 
The study by Suresh (1993) also used some terminology that 
is not standard for heart defects in developmental toxicity 
studies (e.g. seal-shaped heart, dilated heart), which makes 
interpretation of the findings difficult. Certain cardiovascular 
changes reported in the Brooker et al. (1991a) study (e.g. 
retroesophageal right subclavian artery) are considered var
iations in other laboratories (Appendix), these are discussed 
in more detail below. Because of inappropriate methods and 
the poor reporting of data, the Bhide & Patil (1989) study was 
considered inadequate for assessing glyphosate's potential 
for developmental toxicity in rabbits. The remaining six 
rabbit studies formed the basis for our analysis. While the 
individual studies may fall short of current guidelines (mainly 
because the desired number of rabbits per group has increased 
and the exposure period has been extended beyond GDI8), 
these shortcomings are overcome when one considers the 
overall database. More specifically, the exposure period 
in each of these studies extends well before and after the 
period of organogenesis for the cardiovascular system. 
Additionally, the studies cover a broad and well-distributed 
range of 15 different glyphosate exposures ranging from 10 to 
500 mg/kg/day. Finally, the combined database from these 
studies includes evaluation of 347 total litters (99 controls and 
247 treated) and 2990 fetuses (834 controls and 2156 treated). 
Based on these elements, the overall database of six adequate 
rabbit developmental studies is considered to be robust for the 
purposes of risk assessment.

To address whether the six adequate studies exhibited 
evidence of selective offspring sensitivity to glyphosate

Table 1. Maternal and developmental NOAELs from six sufficient rabbit developmental toxicity studies of glyphosate.

Study
No. of animals 

per group
Exposure

period
Doses

(mg/kg/day)
Maternal NOAEL 

(mg/kg/day)
Offspring NOAEL 

(mg/kg/day)

Moxon (1995) 20 GD 7-19j 0. 100, 175. 300 100 175
Coles & Doleman (1996) 18 GD 7-19 0. 50. 200. 400 200 >400
Brooker el al. (1991a) 16-20 GD 7-19 a  50. 150, 450 50 150
Hojo (1995) 18 GD 7-191 0, 10, 100. 300 100 >300
Tasker et al. ( 1980a) 16-17 GD 6-27 0, 75. 175. 350 75 >175
Suresh (3993) 15-26 GD 6-18 0, 20. 100. 500 100 >100
Bhide & Patil (1989) 15 GD 6-18 0, 125. 250. 500 - t -}

fMoxon (1995) designated the day of insemination as GD 1 and Hojo (1995) designated the day after insemination as GD 0. The exposure periods here 
have been adjusted to be comparable to the other studies which used GD 0 as the day of insemination.

(Due to significant limitations in study design and data reporting, this study was considered inadequate for determining NOAELs.
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treatment in ulero, the no observed adverse effect levels 
(NOAELs) for maternal toxicity and developmental effects 
were determined (Table 1). Maternal toxicity was most 
commonly evidenced in the rabbit studies by diarrhea and 
reduced food intake, which generally occurred at doses of 
150mg/kg/day or higher. Additionally, maternal weight loss 
and deaths generally occurred at the highest doses. Table 1 
also shows that offspring effects due to glyphosate. when 
observed in a particular rabbit developmental toxicity study, 
always occurred at the same dose or doses as those associated 
with maternal toxicity. This does not mean that injury to the 
fetus necessarily occurred as a direct result of maternal 
toxicity, but rather, when exposures to glyphosate were kept 
below the doses that cause maternal toxicity, the developing 
offspring did not exhibit any adverse effects. Therefore, 
selective offspring sensitivity to glyphosate is not apparent 
from these studies.

Post-implantation loss was quite variable across studies. 
Four of the six adequate studies (Hojo, 1995; Moxon, 1996; 
Suresh. 1993; Tasker, 1980a) reported no statistically signif
icant increase in post-implantation loss in three different 
strains of rabbits at exposure levels as high as 500 mg/kg/day. 
In comparison, Coles & Doleman (1996) reported an 
increase in post-implantation loss at 200 mg/kg/day, but not 
at 400 mg/kg/day; consequently, a dose-response pattern was 
not established in this study. Brooker et al. (1991a) reported 
increased post-implantation loss at doses of 50 mg/kg/day 
and above (mean =  19.5 ±  19.8%, 15.3 ±17.2% and
21.0±11.8% for the 50, 150 and 450mg/kg/day dose 
groups, respectively), but noted that post-implantation loss 
in the concurrent control group (5.7 ± 7.2%) was lower 
than in historical controls (mean: 12.9%; range: 6.5-17.5%). 
while post-implantation loss in treated litters was within or 
slightly higher than the historical control range. Post
implantation loss has a high degree of variability as demon
strated by the standard deviations around this endpoint in the 
six studies reviewed. This variability is common in the 
rabbit. Other historical control databases have reported mean 
percent post-implantation loss in the rabbit of 8.1% (range: 
2.8-17.7%) and 9.1% (range: 0.6-23.4%) (Holson et al., 2006 
and MARTA, 1997, respectively). Consequently, without a 
clear dose-response pattern established across the six studies 
reviewed, it is unlikely that these findings are biologically 
significant.

As previously noted, the rabbit developmental toxicity data 
for glyphosate have been previously described as equivocal 
with regard to cardiovascular defects (BBA. 1998-2000; 
European Commission, 2002). To address this issue, data 
were extracted from each study for malformations and 
variations (Appendix). Two of the studies (Brooker ct al., 
1991a; Suresh. 1993) suggested a possible association of 
cardiovascular anomalies with treatment, but the data were 
not clear-cut; these are discussed in more detail in the 
Appendix. In addition, two studies (Hojo, 1995; Moxon, 
1996) reported an increase in skeletal defects at the high dose 
of 300 mg/kg/day. These anomalies appeared to be the result 
of reduced ossification, which is likely related to delayed 
development (evidenced by reduced fetal body weights 
observed at the high dose), or were not clearly dose-related. 
Based on this information and our evaluation of the combined

DOI: 10.31 (W10408444.21) 12.749834

data, we concluded that glyphosate treatment was not 
associated with an increase in malformations in rabbits. The 
remaining discussion focuses on cardiovascular defects only.

Examination of the data from the six rabbit studies showed 
a variety of malformations of the heart and great vessels. 
These included: dilated aorta/narrow pulmonary artery; 
narrow aorta/dilated pulmonary artery; hypoplasia of the 
pulmonary artery; interventricular (IV) septal defect: cardi- 
omegaly; single ventricle, thickened ventricle walls; dilated 
ventricle; retro-esophageal right subclavian artery; interrupted 
aorta: right subclavian artery arising from aortic arch; “ seal
shaped” heart. If glyphosate treatment was associated with 
congenital heart defects and malformation of the great vessels 
in rabbits, then the prevalence of these defects would be 
anticipated to increase with dose and the overall malformation 
rate would also be anticipated to increase. However, as can be 
seen from the malformation incidence tables in the Appendix, 
cardiovascular malformations generally occurred in the rabbit 
studies at a low incidence across all dose groups. Further, in 
most studies, they did not exhibit a positive dose-response, 
and oftentimes, clusters of malformations occurred in the 
same fetuses.

In order to further discern whether there might be an 
association between exposure of rabbits to glyphosate and 
cardiovascular malformations, the following conservative 
assumptions were made so that the malformation data from 
the six adequate studies could be combined. First, all three 
rabbit strains (Japanese white. New Zealand white and Dutch 
belted) were assumed to be equally sensitive to glyphosate. 
Second, small differences in treatment duration across studies 
were assumed not to affect the incidence of cardiovascular 
malformations because all treatment paradigms covered the 
critical period of heart and great vessel development (i.e. GD 
8-17; DeSesso, 2012). Third, cardiovascular malformations 
were categorized depending on the type of cardiovascular 
defect and what is known about the underlying morphogenetic 
processes. For instance, several defects are related to devel
opment of the aorticopulmonary septum and are grouped 
together. As an example, Brooker et al. (1991a) reported that 
many fetuses with IV septal defects exhibited other cardio
vascular defects that included enlarged aorta/stenotic pul
monary artery or the converse (stenotic aorta/enlarged 
pulmonary artery). During formation of the outflow tract 
from the ventricles, neural crest cells migrate from the 
hindbrain region into the truncus arteriosus where they 
contribute to and direct the growth of the aorticopulmonary 
septum (Hutson & Kirby, 2003; Kirby et al., 1983; Sadler, 
2011). The aorticopulmonary (spiral) septum (Figure 1) 
grows as a pair of ridges that divide the truncus arteriosus 
into equally sized halves: the aorta and the pulmonary 
artery (DeSesso & Venkat, 2010). At its inferior end, the 
aorticopulmonary septum forms the upper portion (membra
nous portion) of the IV septum. Consequently, malformations 
relating to a disproportionately sized aorta and pulmonary 
septum, as well as IV septal defects of the upper region, are 
all related to displacement of the developing aorticopulmon
ary septum (DeSesso & Venkat, 2010).

Based on this information, those cardiac defects that 
involved perturbations of aorticopulmonary septum develop
ment were combined based on the premise that glyphosate
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Figure 1. Division of the outflow tract by the aorticopulmonary (spiral) septum. In the top diagram, the aorticopulmonary septum is forming by the 
growth and merging of the conotruncal ridges in the walls of the outflow tract. This process divides the outflow tract into the atrioventricular canals 
(precursors of the aorta and pulmonary artery). In the lower diagram, the spiral septum has completed the separation of the outflow tract into the 
equally sized aorta (for systemic circulation) and pulmonary artery (for the pulmonary circulation). The most inferior part of the spiral septum will 
contribute to the upper membranous portion of the IV septum. (Modified from DcScsso & Venkat, 2010).

might cause all or any of these defects by acting on a 
single developmental process. Data from all numerically 
similar dose groups (e.g. data from all three studies that 
treated rabbits at 100 mg/kg/day) were combined into a single 
entry.

Evaluation of the resulting tabulation (Table 2) shows that 
there was no increase in cardiovascular malformations at 
doses that were not overtly toxic to the pregnant rabbits 
(i.e. generally at doses over 150mg/kg/day). The two most 
commonly observed malformations involved the aorticopul
monary septum and dilated heart. The incidence of aortico
pulmonary septum-related defects in the combined control 
groups was 1/770 (0.1%); in the combined glyphosate-treated 
groups the incidence was 6/1939 (0.3%). More than half of 
these affected fetuses were found in litters exposed to one of 
the highest doses (450 mg/kg/day). Doses of 150 mg/kg/day 
and above were generally associated with maternal

toxicity, including severe weight loss and death. If doses of 
300 mg/kg/day and above are not considered because of the 
confounding maternal toxicity issues, then the incidence 
of the defects in glyphosate-treated animals is 2/1388 
(0.1%). Thus, these data show that the overall incidence of 
aorticopulmonary septum-related defects in offspring from 
mothers exposed to glyphosatc at doses below those that 
cause severe maternal toxicity is similar to that seen in non
exposed rabbits.

The other prevalent cardiovascular malformation reported 
was dilated heart. All observations of this finding occurred 
in a single study (Suresh, 1993). There was also one case 
of cardiomegaly at 100 mg/kg/day in the same study. None 
of the other five adequate studies reported dilated hearts 
or cardiomegaly. Furthermore, neither the criteria used to 
diagnose dilated heart nor measurements of the hearts were 
provided in the study report, so it is not possible to directly
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Table 2. Combined and grouped (number and percentage) cardiovascular malformations from six rabbit developmental toxicity studies.

Dose (mg/kg/day) 0 10 20 50 75 100 150 175 200 300 350 400 450 500
Total number of fetuses 7 7 0 130 78 261 114 374 112 200 119 256 38 134 95 28

evaluated at each dose 
Defects related to displaced i B 1H l B 4B

aorticopulmonary 
(spiral) septum including 
ventricular septal defects

(0.1%) (0.3%) (0.9%) (5.0%)

Dilated heart 4s 4s 2s

1s
(5.1%) (1.1%) (7.1%)

Dilated ventricles I s I s
(0.1%) (0.2%) (3.6%)

Cardiomegaly I s
(0.2%)

Single heart ventricle. ,M 1M
thickened ventricle walls 

Retroesophageal right sub-
(0.2%)

3 b

(0.4%)
2“

clavian artery 
“ Seal-shaped" heart I s

(0.1%)
I s

(0.2%)

(2.7%) (2.1%)

Acephalic animal with 1B Ie
heart defects

j M
(0.4%) (0.8%)

Cebocephalic animal with
heart defects (0.1%)

B =  Brooker et al. (1991a); C =  Coles &  Doleman ( 1996 );  H = Hojo (1995); M = Moxon ( 1996); S =  Suresh (1993).

Table 3. Maternal and developmental NOAELs from six sufficient rat developmental toxicity studies of glyphosate.

Study
No, of animals 

per group
Exposure

period
Doses

(mg/kg/day)
Maternal NOAEL 

(mg/kg/day)
Offspring NOAEL

(mg/kg/day)

Moxon (2002) 22-24 GD 6—15f 0. 250, 500. 1000 >1000 >1000
Wood ( 1996) 22-25 GD 6-15 0. 100, 500, 1000 >1000 >1000
Hatakenaka (1995) 22-24 GD 6-15 0. 30, 300, 100(1 300 >1000
Brooker et al. (1991a) 23-25 GD 6-15 0, 300, 1000. 3500 1000 1000
Suresh (1991 ) 20-30 GD 6-15 0, 1000 >1000 >[()()()
Tasker et a). (1980b) 20-23 GD 6-19 0. 300, 1000, 3500 1000 1000

j Moxon (1995) designated the day of finding sperm as GD I. The exposure period here has been adjusted to be comparable to the other studies which 
used GD 0 as ihc day of insemination.

compare the dilated heart findings to the hearts of the more 
than 2500 fetuses in the other studies.

Finally, an examination of the overall rate of cardiac 
malformations across the six studies did not support a dose- 
response correlation with glyphosate exposure, Based on this 
analysis, it appears that prenatal glyphosate exposure is not 
associated with increased cardiovascular defects in rabbits.

Rat developmental toxicity database
The six developmental toxicity studies of glyphosate con
ducted in the rat are discussed in the Appendix and 
summarized in Table 3. These studies involved testing in 
two different rat strains (Wistar and Sprague-Dawley) and 
covered a wide range of glyphosate doses up to 3500mg/kg/ 
day, which is well above the current limit dose for toxicity 
studies of 1000 mg/kg/day. With the exception of Tasker et al. 
(1980b), all studies conformed to internationally accepted 
general principles of GLPs and were conducted according to 
OECD 414 (1981) and US EPA 83-3 guideline requirements. 
The study by Tasker et al. (1980b) predated the establishment 
of US EPA and OECD guidelines, but it received quality

assurance audits by the testing facility and appeared to be 
well-conducted and essentially guideline-compliant. As with 
the rabbit studies, the rat developmental toxicity studies of 
glyphosate varied in the numbers of animals per dose group, 
the spacing of doses, the extent of documentation and 
detail provided, and the specific types of data reported. 
Nevertheless, for the purposes of this evaluation, all six rat 
studies were considered adequate for assessing the develop 
mental toxicity potential of glyphosate.

The NOAELs for maternal toxicity and developmental 
effects as assessed for the six rat developmental toxicity 
studies are shown in Table 3. Maternal body weight was 
not affected in any of the studies at exposure levels lower 
than 3500 mg/kg/day. Further, there were no dose-related 
effects on intrauterine parameters at doses of 1000 mg/kg/day 
and below. Maternal NOAELs were determined to be
> 1000 mg/kg/day for all studies except Hatakenaka (1991) 
(Table 3), which reported loose stools in a few dams at that 
exposure. No treatment-related effects were observed in the 
offspring at doses of 1000 mg/kg/day and below. 
Consequently, the offspring NOAELs for these studies were
> 1000 mg/kg/day and equal to or greater than the maternal
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NOAELs in each study (Table 3). Further, no treatment 
related effects of glyphosate on structural development of the 
offspring were observed (Table A 10). Generally, malforma
tions (including cardiovascular malformations) were limited 
to 1-3 fetuses in 1-2 litters in the exposed groups and 
occurred at incidences as low as or lower than those in the 
control group. Overall, the rat developmental toxicity studies 
do not show any evidence of cardiovascular or other types 
of malformations as a result of glyphosate exposure at doses 
of up to 3500 mg/kg/day.

Discussion and conclusions
The 13 developmental toxicity studies summarized above and 
discussed in detail in the Appendix have been submitted to 
regulatory agencies in support of the registration of glyph
osate. Analyses by the regulatory agencies have not supported 
the claim that glyphosate causes cardiovascular defects or 
other developmental effects (BBA. 1998-2000; EPA, 1993; 
European Commission, 2002). At the time of the US EPA’s 
assessment, only the studies by Tasker et al. (1980a.b) were 
available for evaluation. The European Commission’s review 
(European Commission. 2002). however, included the exam
ination of four of the rabbit studies (Bhide & Patil, 1989; 
Brooker et al., 1991a; Suresh. 1993; Tasker et al.. 1980a) and 
three of the rat studies (Brooker et al., 1991b; Suresh 1991; 
Tasker et al., 1980b) discussed herein. In a related monograph 
(BBA, 1998-2000), the results from two of the rabbit studies 
reviewed by the European Commission were characterized 
as equivocal for cardiovascular developmental effects. None 
of the three rabbit developmental toxicity studies that were 
not evaluated by the European Commission (Coles & 
Doleman. 1996; Hojo, 1995) showed a potential for cardio
vascular defects.

Based on our assumptions underlying the integrated 
assessment of data across studies (equal strain sensitivity, 
insignificant differences in timing of exposure and shared 
morphogenetic processes of certain defects), the overall 
conclusion of our analysis of the potential for glyphosate to 
cause malformations, and cardiovascular defects in particular, 
is that there is no increased risk at the levels of exposure 
below those that caused maternal toxicity. This conclusion is 
in agreement with that of regulatory agency reviews as well as 
the limited data available from epidemiology studies showing 
no increased risk of congenital defects wdth exposure (Bell 
et al„ 2001 a,b,c; Garry ct al., 2002; Rull et al., 2006; reviewed 
in Williams et al., 2012). It should be noted, however, that 
these studies investigated exposures to several pesticides and 
were not specific to glyphosate. More recently, a detailed 
review of epidemiology studies of glyphosate and non-cancer 
endpoints found no evidence of a causal relationship between 
glyphosate exposures and malformations (Mink et al., 2011). 
Finally, a review of the available biomonitoring data demon
strates that human exposure as a result of normal glyphosate 
application practices is extremely low, often below the limits 
of analytical detection (Williams et al., 2012). In conclusion, 
this analysis of the developmental toxicity data available 
for glyphosate exposure confirms that there is no evidence 
of an increased risk of cardiovascular defects as a result of 
glyphosate exposure.
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Appendix
Rabbit developmental toxicity studies
A total of seven developmental toxicity studies of glyphosate have been 
conducted in the rabbit and are summarized in detail below. The studies 
vary considerably in their quality, the extent of documentation and detail 
provided and the specific types of data reported. They have been ordered 
on the basis of quality, with studies of higher quality, and therefore 
greater relevance to the overall evaluation, detailed first. Although some 
of these studies reported the results of preliminary range-finding 
experiments, only the results of the definitive studies are detailed here 
for the purposes of this review. Typically, doses for the definitive studies 
were selected based on maternal toxicity observed in the preliminary 
range-findings studies. Five of the studies slated that they followed GLP 
specific to the time period in which they were conducted (Brooker et al.. 
1991a; Coles & Doleman, 1996; Hojo, 1995; Moxon. 1996; Suresh, 
1993). Another study w;as conducted prior to the establishment of GLP 
requirements, but generally adhered to GLP principles (Tasker et al., 
1980a). In the seventh study (Bhide & Patil. 1989). it is not clear to what 
extent GLP practices were followed, but it appears that this study was not 
fully GLP-compliant because the description of study results is 
extremely limited and inappropriate animals appear to have been 
included in the calculation of certain endpoints. All the studies were 
conducted according to current testing guideline requirements at the time 
of the study and provided quality assurance audits. The animal supply 
and husbandry were described, although detailed husbandry data were 
not provided in the study reports. No other deviations were detailed by 
the study authors. In the summaries that follow', w'e address issues of data 
quality where appropriate. In two cases (Brooker et al.. 1991a: Suresh, 
1993). we have tabulated the malformations reported in some detail. This 
was done because these two studies reported increases in malformations 
which appeared to be related to increases in cardiovascular defects, All 
other studies had very low levels of cardiovascular malformations, so no 
further details were given.

Moxon (1996)
This study was conducted according to OECD 414 (1981) and US EPA 
83-3 testing guideline requirements. Female virgin New Zealand White 
rabbits (age unknown) were paired with males (day of insemina
tion =  gestational day [GDJ 1) and delivered to the testing laboratory on 
either GD 2 or 3. The designation of the day of insemination as GD 1 is 
different thun that for the majority of the rabbit studies, which designaied 
the day of insemination as GD 0. For the purposes of comparing to other 
studies, the day of mating has been corrected to GD 0 in the following 
discussion with succeeding gestational days changed accordingly. The 
maternal animals were assigned by a randomized design to minimize 
(but not necessarily to prevent) the number of animals in the same group 
that were sisters or mated to the same male. Glyphosate acid (purity: 
95.6%) was formulated in deionized water, was stable over the test period 
and was shown to have an adequate homogeneity. The achieved 
concentrations were within 12% of the target concentrations. The does 
w'ere administered 0. 100. 175 or 300mg/kg/duy by oral gavage on GD 
7-19 (20 rabbits per group). The dosing volume was 2mL/kg body 
weight: the dosing vehicle was deionized water. The rabbits were 
evaluated daily for mortality, behavior and clinical signs of toxicity. 
Body weights were recorded on GDs 3, 7-19. 22, 25 and 29. Food 
consumption was recorded every 3—4 days from GD 3 to GD 25. Does 
were sacrificed on GD 29 and the uteri and ovaries were examined 
for the numbers of corpora lutea, implantations, live and dead fetuses, 
and intra-uterine deaths (both early and late). The does were further 
evaluated for any gross pathological changes. Fetuses were weighed 
and examined for external, visceral (via fresh dissection) and skeletal 
(by means of alizarin red S staining) anomalies. The degree of 
bone ossification was scored visually based on the extent of alizarin 
staining.

Clinical symptoms of toxicity observed in the 175 and 300mg/kg/day 
dose groups included diarrhea, few feces and/or staining in the genital
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Table AL Maternal and fetal outcome data for New Zealand white rabbits treated with glyphosate on gestational days 7-19} (Moxon 1996).

0 mg/kg/day 100 mg/kg/day 175 mg/kg/day 300 mg/kg/day

Maternal data
No. animals on study 20 20 20 20
No. non-gravid 2 0 1
No. gravid does dead or sacrificed in extremis I 2 2 2
No. that aborted I 2 2

Embryo/fetal data
Total No. litters examined}: 17 18 17 17
Mean No. corpora lutea 10.8 ±2,2 11.0 ± 1.6 11.1 ±  1.3 11.2 ±  1.4
Mean No, implantations 9.65 ±2.06 9.00 ±  1.78 9.12 ±2.50 9.82 ±  1.88
Mean % pre-implantation loss 10.7 ±11.0 18.2 ±  11.1 18.1 ±20.8 12.8 ±  11.9
Mean No. embryo/fetal death NR NR NR NR
Mean No. viable fetuses 8.41 ±  1.80 8.17 ±2.20 7.94 ±2.19 8.47 ±2.32
Mean % post-implantation loss 11.7 ±  12.0 9.5 ±16.7 12.1 ± 9 .7 13.6 ±  16.6
Mean fetal body weight (g) 44.4 ±4.3 43.3 ±  3.9 43.2 ±5.7 40.7 ±7.8*

Total fetuses (litters) with malformations
Major external/visceral 2 (2) 1 (1) 0(0) 2 (2)
Minor external/visceral 12 (8) 7 (5) 9(8) 11 (7)
Major skeletal 3 (2) 0 (0) 0 (0) 1 (1)
Minor skeletal 58 (16) 82 (18)** 59 (16) 79 (17)**

Total fetuses (litters) with variations
External/visceral 0 0 0 0
Cardiovascular 1 (1) 1 (1) 0 1 (1)
Skeletal 119 (17) 129 (18) 116 (17) 132 (17)**

NR = Not reported.
fMoxon (1995) designated the day of insemination as GD 1. The exposure period here has been adjusted to be comparable to the other studies which 

used GD 0 as the day of insemination. See text for details.
¿Includes litters that were aborted in the analysis.
*p<0.05, ANOVA: litter is statistical unit.
**/?<0.05, Fisher's exact test.

area. Dose-dependent reductions in food consumption and body weight 
gains were observed in these two dose groups as well.

Pregnancy outcome and delivery data are shown in Table A l. Two 
does died or were sacrificed in extremis in each dose group except the 
control, in which there was a single animal death. Abortions occurred 
in 1 .2 , 1 and 2 rabbits in the 0, 100, 175 and 300mg/kg/day dose 
groups, respectively. All animals that aborted or had total litter 
resorptions died or were sacrificed in extremis. No macroscopic findings 
related to treatment were found in does at necropsy.

Glyphosate treatment had no effect on the number of corpora lutea. 
implantations, viable fetuses per litter or the incidences of pre- and post
implantation loss. Mean fetal body weights were significantly reduced 
at the high dose of 300mg/kg/day compared to controls; this difference 
was attributed to two litters for which fetal weights were particularly low. 
The fetal sex ratio was skewed toward males at the intermediate dose 
of 175 mg/kg/day. Since this endpoint tends to be highly variable and 
no dose response trend was evident, the difference was not considered to 
be treatment-related.

Table Al also shows the number of fetuses and litters in each dose 
group with major and minor external/visceral and skeletal defects and the 
incidence of fetuses with variations in each. The only changes that 
appeared to increase with dose were minor skeletal defects and variants, 
and these were increased almost exclusively in the 300 mg/kg/day group. 
The increase in minor skeletal defects and variants can be attributed to 
reduced ossification in several bones, including transverse processes of 
cervical and lumbar vertebrae, sternebrae and bones of the hindpaw. 
These are likely related to the reduced fetal body weights seen at the 
highest dose level.

The type and incidence of major malformations within individual 
fetuses did not increase with dose. Only five fetuses in the entire study 
had major malformations, two in the control group, one at 100 mg/kg/day 
and one at 300 mg/kg/day. Three fetuses had heart defects involving 
effects on septation of the heart, one in the controls, one at 100mg/kg/ 
day and one at 300 mg/kg/day. Thus, none of the malformations noted 
were associated with exposure to glyphosate.

Based on clinical signs of toxicity and on reduced food intake and 
body weight gain, the NOAEL for maternal toxicity is considered to 
be 100 mg/kg/day. Based on reduced fetal weights observed at the 
high dose, the NOAEL for developmental toxicity is considered to be 
175 mg/kg/day.

Coles & Doleman (1996)
This study was conducted according to OECD 414 (1981) and US EPA 
83-3 (1984) testing guideline requirements. Female New Zealand White 
rabbits (2.7-4,1kg) of 17-19 weeks of age were mated with “ stud” 
males by the supplier and delivered to the test facility at or before GD 3. 
The day of mating was considered GD 0. Glyphosate technical (purity: 
95.3%) was formulated in i% carboxymethyl cellulose, was stable over 
the test period and was shown to have an adequate homogeneity. The 
averaged achieved concentrations were within 11% the target concen
trations over the test period. Although doses were described as “ mg/kg” 
in the study report, based on the dosing description, it is assumed that 
these are daily doses (i.e. mg/kg/day). The does were administered 0, 50. 
200 or 400 mg/kg/day by oral gavage on GD 7-19(18 rabbits per group). 
The dosing volume was 5mL/kg body weight. Individual dose volumes 
were based on the most recent body weight. Animals were examined 
at least once daily for mortality and clinical signs. Body weights were 
recorded on GD 3, 7, 10, 13. 16. 19, 22, 25 and 29 (body weight change 
was based on BW at GD 7); food consumption was measured using the 
same time intervals (e.g. GD 3-7, 7-10). All surviving animals were 
sacrificed on GD 29 and the uteri and ovaries were examined. The 
numbers of corpora lutea. implantations, and live and dead fetuses were 
recorded. The does were further evaluated for gross pathological 
changes. All fetuses were sexed. weighed and examined for external 
and internal abnormalities. The heads of alternate fetuses were fixed 
and examined separately. The skeletons were stained with alizarin 
red and examined.

No dose-related clinical signs were reported except soft/liquid 
feces and mucus in the feces. This was observed most frequently in 
the 400mg/kg/day group, but was also observed at 50 and 200 mg/kg/ 
day, During the treatment period, maternal food consumption was 
reduced from that of controls at 400 mg/kg/day (GD 10-19), In the post 
treatment period, food consumption in the treated groups tended to 
be higher than the controls; however, the differences did not attain 
statistical significance. There was a statistically significant reduction in 
body weight gain (GD 7-29) at 400mg/kg/day, and a non-statistically 
significant reduction at 200 mg/kg/day.

Pregnancy outcome and delivery data are presented in Table A2. The 
numbers of non-pregnant animals were 3, 0. 2 and 1 in the 0, 50. 200 and 
400 mg/kg/day groups, respectively. The numbers of does dead or
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Table A2. Maternal and fetal outcome data for New Zealand white rabbits treated with glyphosate on gestational days 7-19 (Coles & Dolcman. 1996).

0 mg/kg/day 50 mg/kg/day 200 mg/kg/day 400 mg/kg/day

Maternal data
No. animals on study 18 18 18 18
No. non-gravid 3 0 2
No. gravid does dead or sacrificed in extremis i 0 1 2t
No. that aborted 0 0 0 0

Embryo/fetal data
Total No. litters examined 14 18 15 15
Mean No. corpora lutea 10.9 ±2.2 10.5 ± 2 .4 10.7 ± 2.1 11.5 ± 1.8
Mean No, implantations 9.5 ± 2.5 9.1 ±2.3 8.9 ±2.5 10.3 ±2.3
Mean % pre-implantation loss 12.5 ± 18.2 I3 ,6 ± 9 .4 16.4 ± 15.5 9.3 ±  12.5
Mean No, embryo/fetal death 0.36 ±0.63 0.33 ±0.77 1.00 ± 1.00* 1.40 ±2.35
Mean No. viable fetuses 9.1 ±2.5 8.7 ±2.4 7.9 ±2.5 8.9 ±2 .6
Mean % post-implantation loss 3.7 ± 6.5 3.6 ±8.5 11.5 ± 11.4* 12.1 ±18.6
Mean fetal body weight (g) 41.5 ± 5.5 39.4 ±5 .6 41.7 ±4.5 38.2 ±5.2

Total fetuses (litters) with malformations 1 (1) 3 (2) 2 (2) 1 (11
Total fetuses (litters) with cardiovascular malformations 0 0 1 (1) 0
Total fetuses (litters) with variations! 41 (13) 50 (17) 39 (15) 51 (14)

I At least one of these deaths/saerifices at 400mg/kg/day was likely treatment-related.
]:Fetuses with both malformations and variations are included in the malformations tally; fetuses with only variations arc captured here. 
*p<  0.05, Kruskal-Wallis followed by the Mann-Whitney U test; litter was the statistical unit-

sacrificed in extremis were 1.0, 1 and 2 in the 0. 50. 200 and 400mg/kg/ 
day groups, respectively. At least one maternal death at 400mg/kg/day 
appeared to be treatment-related; deaths in the control and mid-dose 
groups were attributed to dosing technical errors. None of the animals 
aborted.

The total litters included in the data evaluation were 14. 18, 15 and 
15 for the 0, 50. 200 and 400mg/kg/day groups, respectively. Compared 
to controls, glyphosate treatment exerted no effects on the numbers 
of corpora lutea, implantations, pre-implantation loss, fetal sex ratios or 
fetal weights. There was a statistically significant increase in embryo/ 
fetal death and post-implantation loss at 200mg/kg/day. and a non
statistically significant increase at 400 mg/kg/day. The standard devia
tions within these data arc considerable and Coles & Doteman (1996) 
point out that at 200mg/kg/day, there was a preponderance of “ early 
fetal deaths", and at 400 mg/kg/day, the increase could be attributed to 
one animal with nine late deaths or a post-implantation loss of 69.2%. 
Jf the one litter with high implantation loss is excluded, the mean ± 
standard deviation for post-implantation loss in the remaining litters is 
8.0 ±10,2. With no consistent, statistically significant dose-response 
pattern, the biological significance of these data is questionable. No 
historical control data were provided in Coles & Doleman (1996) to 
compare with these results.

Table A2 also shows the number of fetuses and litters in each dose 
group with exlernal/visceral and skeletal malformations and variations. 
There was no apparent increase in morphological findings with 
increasing dose in any group. There was a variety of malformations 
seen, but no particular pattern of malformations and no apparent dose- 
response relationship. Only one case of a heart and great vessel defect 
was seen in the 200 mg/kg/day group in a fetus with a number of other 
severe abnormalities. A number of skeletal variations were noted, but 
there did not appear to be a dose-related increase.

Based on clinical signs and a decrease in maternal weight gain at 
400 mg/kg/day. the NOAEL for maternal toxicity is considered to be 
200 mg/kg/day. It is possible that similar treatment-related clinical signs 
were observed at exposures lower than 400 mg/kg/day, but there was no 
clear dose-response. Assuming that the increase in post-implantation 
loss discussed above is not biologically significant, the NOAEL for 
developmental toxicity is >400 mg/kg/day.

Brooker et al. (1991a)
This study was conducted according to OECD 414 (1981 ) and US EPA 
83-3 (1984) guideline requirements. Female New Zealand White rabbits 
of 11-24 weeks of age were used: there did not appear to be a period of 
acclimatization. The females were mated with proven males, followed by 
an injection of luteinizing hormone to promote ovulation. The day of 
mating (sperm positive) was considered GD 0. Glyphosate acid (purity: 
95.3%) was formulated in 1% methylcelîulose, was stable over the test

period and was shown to have an adequate homogeneity. The achieved 
concentrations were within 6% of the target concentrations, with the 
exception of a single measurement in Group 2 which was 19% below the 
target concentration. It is unclear how often samples for analysis 
were taken during the study. The does were administered 0. 50. 150 or 
450 mg/kg/day by oral gavage on GD 7-19 (16-20 rabbits per group). 
The reason for including different numbers of animals per dose group 
was not reported. The dosing volume was 5mL/kg body weight. 
Individual dose volumes were based on individual body weights on GD 7 
and adjusted according to body weights on GD 9. GD 11 and GD 15. 
Animals were examined daily for mortality and signs of toxicity. Body 
weights were recorded on GD 1. 7. 9. 11, 15. 20, 24 and 29; fond 
consumption was measured using the same time intervals (e.g. GD 1-7, 
7-9). Does that did not survive until the end of the study were weighed 
and neeropsied. All surviving animals were sacrificed on GD 29, and the 
ovaries and uteri were examined for the numbers of corpora lutea. 
implantations, and live and dead fetuses. The does were further evaluated 
for gross pathological changes. All fetuses were weighed and examined 
for externa] abnormalities, then dissected to examine for visceral 
abnormalities and to determine sex. The heads were fixed and examined 
separately. The skeletons were stained with alizarin red and examined. 
Structural changes were reported by study investigators as malformations 
(defined as rare and/or probably lethal changes), anomalies (defined as 
relatively frequent minor differences from “ normal") and variants 
(defined as alternative structures occurring regularly in the control 
population).

There were no dose-related clinical signs except soft/liquid feces: this 
finding was observed at all exposure levels, but not in the controls, and 
was substantially increased at the high dose (450mg/kg/day). During the 
treatment period, maternal food consumption was reduced from that of 
controls at 150 mg/kg/day (GD 11-19) and 450 mg/kg/day (GD 7-19). In 
the post-treatment period, both of these groups demonstrated a rebound 
and food consumption was greater than that in controls. No dose-related 
differences in maternal body weights were observed.

Pregnancy outcome and delivery data for this study are shown in 
Table A3. Two does were excluded from the study for non-experimcntal 
reasons (one control doe was found with a congenital malformation 
of the uterus at autopsy; one 450mg/kg/day doe1 was found to have a 
broken leg prior to treatment). The numbers of non-pregnant animals 
were 0, 6, 1 and 5 in the 0, 50, 150 and 450 groups, respectively; there 
did not appear to be a correlation between age of the animals (assumed 
based on body weights) and the occurrence of non-pregnancy. One

'The authors state that this animal was replaced, but this does not appear 
to be the case from Appendix 1 in Brooker et al, (1991a).
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Table A3. Maternal and fetal outcome data for New Zealand white rabbits treated with glyphosate on gestational days 7 -19  (Brooker et ah, 1991a).

0 mg/kg/day 50 mg/kg/day 150 mg/kg/day 450 mg/kg/day

Maternal data
No. animals on study 19 19 16 20
No. excluded from study 1 0 0 1
No. non-gravid 0 6 1 5
No. gravid does dead or sacrificed in extremis 0 0 0
No. that aborted 0 1 0 0

Embryo/fetal data
Total No. litters examined 18 12f 15} 13
Mean No. corpora luteal 11.5 12.4 11.7 11.3
Mean No. implantations^ 9.7 10.5 9.0 9.2
Mean 7< pre-implantation loss* 14.6 15.4 23.4 18.8
Mean No. embryo/fetal death* 0.6 1.8* 1.5* 1.8**
Mean No. viable fetuses* 9.1 8.7 7.5 7.3
Mean % posl-implantation loss*} 5.7 ± 7 .2 19.5 ±  19.8* 15.3 ±  17.2* 21.0 ±  11.8**
Mean fetal body weight (gms)* 43.9 43.3 44.0 44.5

Total fetuses (litters) with malformations 3 (31 3 (3) 5 (3) 6 (5 )
Total fetuses (litters) with cardiovascular malformations 1 (It 1 (1) 4 (3) 5 (4)
Total fetuses (litters) with variations “ anomalies" 29 (13) 26 (9) 26 (11 ) 16 (10)

■{■Analysis does not includes the one litter that was aborted at this dose.
^Includes one female which aborted one embryonic death -  referred to as “ partial abortion’ '.
* Standard deviation was not provided.
§Standard deviation values calculated from individual animal data in Brooker et al. (1991a).
| (Exclusion of retroesophageal right subclavian artery reduces the numbers to 1 (1), 1 (1). 1 (1) and 4 (4) for 0, 50. 150 and 450 mg/kg/day, respectively. 
*/?<0.05; **/><0.01.. Kruskal-Wallis test followed by non-parametric equivalent of Williams' test; litter was the statistical unit.

Table A4. Types and incidence o f malformations by indivîdual fétus (Brooker et al.. 1991a).

0 mg/kg/day 50 mg/kg/day 150 mg/kg/day 450 mg/kg/day

No. fetuses examined 163
Narrow ascending aorta, dorsally displaced pulmonary trunk, 1

IV septal defect
Dilated ascending aorta/aortic arch, narrow pulmonary trunk;

IV septal defect with enlarged left, reduced right ventricle 
Retroesophageal right subclavian artery! 0  fetus at 150 mg/kg/day 

also had forelimb flexure: I fetus at 450 mg/kg/day with IV septal 
defect)

Acephaly; single dilated arterial trunk and carotid artery; right-sided 
descending aorta; IV septal defect, forelimb flexure and hindlimb 
braehydactyly

Sacral meningocoelc occulta with slightly flattened cranium and 1
minimal protrusion in occipital region 

Bilateral small eye (areas o f retinal folding and dysplasia)
Hydrocephaly and cebocephaly with fused and reduced nasals and 

premaxillae, fused nares, absent upper incisors 
Cleft palate; forelimb flexure and braehydactyly
Reduced and fused thoracic vertebral arches with absent centrum; 1

connected, branched and absent ribs 
Spina bifida with lumbar kyphosis and flattened cranium; malrotated 

hindlimb

104

I

I

1

112
1

3

95
1

2

2

f Retroesophageal right subclavian artery is considered a variation by other laboratories. Removing this endpoint as a malformation would reduce the 
number o f  fetuses in this group to one fetus with forelimb flexure at 150 mg/kg/day and one fetus with IV septal defect at 4 5 0 mg/kg/day.

maternal death occurred at 450 mg/kg/day following abortion, gastroin
testinal disturbances, reduced food intake and body weight loss. One doe 
aborted in the 50 mg/kg/day group.

The total litters included in the data evaluation were 18. 12, 15 and 13 
for the 0, 50, 150 and 450 mg/kg/day groups, respectively. Compared to 
controls, glyphosate treatment exerted no marked effects on the numbers 
o f  corpora lutea, implantations, pre-implantation loss, fetal sex ratios or 
fetal weights. There was a statistically significant increase in embryo/ 
fetal death and post-implantation loss at all exposure levels. The study 
investigators questioned the biological significance of these findings for 
several reasons: (1) N o dose-response pattern was evident; (2) the 
control value was at the lower end o f the historical control range, while 
those o f the exposed groups were at the higher end and (3) the values

in all groups were within or slightly above the historical control range. 
The latter two statements are supported by the historical control data 
provided in the study report. There was also considerable variance 
around the mean for post-implanlation loss.

A dose-related increase in malformations (fetuses and litters) was 
observed w'ith 3. 3. 5 and 6 fetuses malformed at 0, 50, 150 and 4 5 0 mg/ 
kg/day, respectively. The increase at 450 mg/kg/day appeared to be due 
to an increase in IV septal and other heart defects, which were seen in 1. 
I, 4 and 5 fetuses in the 0, 50. 150 and 45 0 mg/kg/day groups, 
respectively (Tabic A4).

Although the authors indicated retroesophageal right subclavian 
artery as a malformation in three fetuses at 150 mg/kg/day and in two at 
450 mg/kg/day, other laboratories suggest that this is a fairly common
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Table A5. Maternal and fetal outcome data for Japanese white rabbits treated with glyphosate on gestational days 7 -1 9 f (Hojo. 1995),

0 mg/kg/day 10 mg/kg/day 100 mg/kg/day 300 mg/kg/day

Maternal data
No. animals on study 18 18 18 18
No. non-gravid 0 0 0 0
No. gravid does dead or sacrificed in extremis 0 0 0 1
No. that aborted 0 2 0 2
No. with only resorptions 0 2

Embryo/fetal data
Total No. litters examined! 18 15 16 14
Mean No. corpora lutea 10.2 ± 2 .0 11.7 ± 2 .2 12.1 ± 2 .0 10.1 ± 2 .3
Mean No. implantations 8.5 ± 2 .8 9.8 ± 2 .9 1 0 .4 ± 2 .9 8.6 ± 3 .3
Mean % pre-implantation loss1 17.8 ± 2 2 .4 16.6 ±  17.0 15.2 ±  18.0 14.6 ± 2 5 .2
Mean No, embryo/fetal death^ 0.7 1.1 1.0 0.6
Mean No. viable fetuses 7.8 ± 2 .4 8.7 ±  3.2 9.4 ± 2 .7 8.0 ± 3 .2
Mean % post-implantation loss§ 7.1 ± 8 .8 13.8 ±  14.1 8.7 ±  10.5 6.5 ± 9 .8
Mean fetal body weight (g) MALES 35.8 ±8 .1 37.3 ± 5 .4 36.7 ± 3 .3 36.2 ± 5 .4
Mean fetal body weight (g) females 35.7 ±  6.7 36.1 ± 5 .1 36.0 ± 3 .9 34.9 ± 4 .4

Malformations and variations
Total #  litters (%) with malformations 1 (5.6) 3 (20.0) 3 (18.8) 5* (35.7)
Total # litters (%) with variations 16 (88.9) 14 (93.3) 16 (100.0) 8* (57.1)

Total # Fetuses (%■) with malformations
External 0 (0.0) 0 (0.0) 2 (1.3) 0 (0.0)
Visceral 0 (0.0) 1 (0.8) 3 (2.0) 0 (0.0)
Cardiovascular 0 0 1 (1) 0
Skeletal 1 (0.7) 4 (3.1) 6 (4.0) 5 (5.4)

Total # Fetuses (%) with variations
Viscera] 4 (2.9) 5 (3.8) 5 (3.3) 1 (0.9)
Skeletal 40 (28.6) 32 (24.6) 61* (40.7) 31 (27.7)

fDay of insemination adjusted to GDO for comparison with other studies. See text for details. 
{Analysis does not include the litters that were aborted.
* Mean and standard deviations not reported. Calculated from individual animal data in Hojo (1995). 
§Slandard deviations calculated from individual animal data in Hojo (1995).
* p < 0.05 , Fisher’s exact test: litter is the statistical unit.

variation in rabbits (MARTA. 1997; Stump ct al.. 2012) and it occurs 
in 0.5-2.0% of humans (Berko at al., 2009: Epstein & DeBord, 2002; 
Fazan et al.. 2003). The historical control data provided by Brooker el al. 
(1991a) indicate that various studies have included 1-3 o f such defects 
in control groups. Removing this defect as a malformation would reduce 
the total incidence o f malformed fetuses to 3, 3, 3 and 5, and the 
incidence o f fetuses with cardiovascular defects to 1. 1, 1 and 4 in the 
0. 50, 150 and 450mg/kg/day dose groups, respectively. Glyphosate 
treatment had no significant effect on the incidence o f fetuses with 
variations when compared to the control group.

Based on clinical signs and decreased food consumption at 150 and 
450  mg/kg/day. the NOAEL for maternal toxicity is considered to be 
50mg/kg/day. There was a slight increase in fetuses with malformations 
at 450 mg/kg/day. Several o f the cardiovascular malformations that were 
observed, particularly in the high dose group, occurred in the same 
animals (Table A4) and are related to a single morphogenetic mechanism 
(i.e . displacement o f the developing aorticopulmonary septum), which 
may adjust during the postnatal period as some o f these improve during 
the first few months o f life in humans (Hoffman and Kaplan, 2002). 
These mechanistically related findings, which often cluster together, 
include dilated/narrow aorta and narrow/dilated pulmonary artery; 
IV septal defect and disproportionately sized right and left ventricles. 
These malformations and the associated morphogenetic mechanism are 
discussed in greater detail in the integrated assessment below. These 
findings in the heart were also observed (often in clusters) in the 
historical control data provided by Brooker et al. (1991a). Overall, the 
malformation data showed an increase at 4 5 0 mg/kg/day (not statistically 
significant) and all findings in the glyphosate-lreated groups were within 
historical control ranges. Although there were statistically significant 
increases in embryo/fctal death and post-implantation loss at 50m g/kg/ 
day and above, this was due to unusually low values in the concurrent 
control group. Although embryo/fetal death w'as within the historical 
control range, post-implantation loss was above historical control values 
in the high dose group, and both o f these parameters were highly 
statistically significant at the high dose. Based on these data, the 
developmental NOAEL is 150 mg/kg/day.

Hojo (1995)
This study was conducted according to OECD 414 (1981) and US EPA 
83-3 (1984) guideline requirements. Female Japanese White rabbits 
(3.3-3.8 kg) o f 17 weeks o f age were acclimatized for 10 days, and then 
impregnated by artificial insemination with sperm from breeder males of 
the same strain, followed by 25 units o f human chorionic gonadotropin. 
The day after insemination was considered GD 0; this designation is 
different than that used in most o f the other rabbit studies. Days of 
gestation have been adjusted for this study by designating the day of 
insemination as GD 0 to compare with other studies reviewed here. 
Glyphosate acid (purity: 97.6%, referred to in the report as HR 001) was 
formulated in 0.5% carboxymethyl cellulose, was stable over the test 
period and was shown to have an adequate homogeneity. The achieved 
concentrations were within 5% of the targe! concentrations. Impregnated 
does were administered 0. 10, 100 or 300 mg/kg/day by ora! gavage on 
GD 7 -1 9  (18 rabbits per group). The dosing volume was 5 mL/kg body 
weight, based on the individual body weights on each day o f dosing. 
Animals were examined at least once daily for mortality and clinical 
signs. Body weights were recorded on GDs 1, 7-19  (daily), 25 and 28. 
Body weight gains were based on the GD 1 body weight: adjusted weight 
was not reported, but was calculated herein by subtracting the gravid 
uterine weight from the body weight on GD 28. Daily food consumption 
w'as based on the average consumption over 2-day periods. All surviving 
animals were sacrificed on GD 28 and the uteri and ovaries were 
weighed and examined for the numbers o f corpora lutea. implantations, 
resorptions and live and dead fetuses. Uteri without apparent implants 
were stained to detect possible early resorptions. All fetuses were sexed, 
weighed and examined for external and internal abnormalities. The 
skeletons were stained with alizarin red and examined.

The only dose-related clinical sign reported was soft/liquid feces at 
300 mg/kg/day. There were no dose-related effects on food consumption, 
maternal body weight or body weight gain.

Pregnancy outcome and delivery data are presented in Table A5. All 
of the animals on study were reported to be pregnant. One animal in the 
3 0 0 mg/kg/day group died on GD 21. In the 10 and 3 0 0 mg/kg/day
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groups, one doe in each group aborted and one doe in each group had a 
premature delivery. The authors reported all of these events as abortions 
(as shown in Table A5).

The total numbers of litters included in the data evaluation were 18. 
15, 16 and 14 for the 0. 10, 100 and 300mg/kg/day
groups, respectively. Compared to controls, glyphosate treatment exerted 
no effect on the numbers of corpora lutea, implantations, pre
implantation loss, post-implantation loss, embryo/fetal deaths, fetal sex 
ratios or fetal weights.

Table A5 also shows the number and percentage of fetuses and litters 
in each dose group with external/visceral and skeletal malformations and 
variations. There was a statistically significant increase in total litters 
with malformations and variations at 300 mg/kg/day. The increased 
malformation rate was due to an increase in litters with fetuses showing 
skeletal malformations, as no external or visceral malformations were 
noted in fetuses from the high dose group. A change in the number of 
litters showing defects can be misleading because a litter is counted 
whether only one or all fetuses are affected. The specific alterations were 
not available on an individual fetus basis, so it was impossible to 
determine whether external, visceral or skeletal defects occurred in the 
same or different fetuses. Even so, the malformations seen were 
considered to be sporadic in nature rather than related to glyphosate 
treatment. Further, a dose-response in the number of fetuses showing 
skeletal malformations was not evident across dose groups. The number 
o f litters with variations was significantly decreased at 300 mg/kg/day. 
and the incidence of fetuses with skeletal variations was significantly 
increased at 100mg/kg/day, Overall, the incidence of fetuses with 
visceral or skeletal variations did not show' a treatment-related change. 
With regard to malformations of the heart, only one fetus had 
heart-related defects at 100 mg/kg/day (hypoplasia of the pulmonary 
artery and ventricular septal defect).

Based on clinical signs at 300 mg/kg/day, the NOAEL for maternal 
toxicity is considered to be 100 mg/kg/day. The lack of a dose- 
related increase in fetuses with external, visceral or skeletal defects 
indicates a lack of biological significance for the total litter finding. 
Overall, these data support a developmental toxicity NOAEL of 
>300 mg/kg/day.

Tasker et al. (1980a)
Although this study was conducted prior to the establishment of GLPs 
and EPA or OECD study guidelines, it generally adhered to GLP 
practices and satisfies the general requirements of OECD 414 (1981). 
Female Dutch belted rabbits of age 7 months were acclimated for at least 
30 days prior to being inseminated on GD 0 using semen from only four

proven male rabbits. Glyphosate technical (purity: 98.7%) w'as formu
lated in 0.5% aqueous Methocef* solution (Dow' Chemical Company. 
Midland, Ml). No additional information on formulation was provided, 
impregnated does were administered 0. 75. 175, or 350 mg/kg/day by 
oral gavage on GD 6-27 (16 rabbits per group). The dosing volume was
1 mL/kg body weight. Doses were based on individual body weights on 
GD 6, Animals were examined once daily for behavior, mortality and 
clinical signs of toxicity. Body weights were recorded on GDs 0. 6. 12, 
18, 24 and 28. Food consumption rates were not recorded. Does that did 
not survive until the end of the study w'ere necropsied to determine 
the cause of death. All surviving animals were sacrificed on GD 28. 
The uteri and ovaries were examined and the numbers of corpora 
lutea, implantations, resorptions, live and dead fetuses were recorded. 
The does were further evaluated for gross pathological changes. 
All fetuses were weighed, sexed internally, examined for external 
and visceral malformations (via dissection) and prepared for skeletal 
examination using alizarin red. External malformations were not 
reported separately from visceral malformations in this study.

Soft stools and diarrhea were noted in all treatment groups, but 
showed a dose-dependent rise in incidence in does treated with 175 and 
350 mg/kg/day glyphosate compared to controls. Animals at 350mg/kg/ 
day also demonstrated an increase in nasal discharge. Maternal body 
weight changes were highly variable across groups throughout the study 
and no significant differences in body weights or body weight gains were 
noted compared to controls.

Pregnancy outcome and delivery data are shown in Table A6. 
Abortions occurred in two rabbits from the control group, and in one 
rabbit in each of the 175 and 350 mg/kg/day treatment groups. The 
numbers of rabbits that died before the end of study were 0, 1, 2 and 
10 in the control. 75. 175 and 350 mg/kg/day glyphosate treatment 
groups, respectively. Mortality rates were greater than 10% in the 
intermediate and high dose groups. The causes of maternal death were 
determined for five of the 13 animals (pneumonia, respiratory dis
ease. enteritis or gastroenteritis), but were not consistent across the 
groups. No macroscopic findings related to treatment were observed in 
the does.

Compared to controls, glyphosate treatment exerted no marked 
effects on the numbers of corpora lutea. implantations, resorptions (early 
or late), fetal sex ratios or fetal weights. There was also considerable 
variance around the mean for post-implantation loss. A statistically 
significant elevation in the number of viable fetuses per doe treated with 
75 mg/kg/day was noted, but this result was considered to be a random 
occurrence because it was not obsened in the two higher treatment 
groups. The total numbers of fetuses with malformations were 0, 3, 2 and
2 in the control. 75, 175 and 350 mg/kg/day dose groups, respectively. 
External and visceral defects occurred in two fetuses at the high dose

Table A6. Maternal and fetal outcome data for Dutch belted rabbits treated with glyphosate on gestational days 6-27 (Tasker et al.. 1980a).

0 mg/kg/day 75 mg/kg/day 175 mg/kg/day 350 mg/kg/day

Maternal data
No. animals on study 16 16 16 17
No. non-gravid 2 0 2 0
No. gravid does dead or sacrificed in extremis 0 1 2 10
No. that aborted 2 0 1

Embryo/fetal data
Total No. litters examined! 12 15 1 1 6
Mean No. corpora lutea 9.0 ±2.13 10.1 ±  1.64 10.5 ±3.45 8.5 ±  1.87
Mean No. implantations 5.9 ±2.39 8.0 ±  1.81 6.1 ±2.84 7.2 ±2.93
Mean % pre-implantation loss NR NR NR NR
Mean No. embryo/fetal deaths NR NR NR NR
Mean No. viable fctuscs/littcr 5.3 ±2.73 7.6 ±  1.84* 5.9 ±2.77 6.3 ±  2.25
Mean % post-implantation loss! 16.7 ±23.0 4.9 ± 8 .0 2.5 ± 5 .8 18.7 ±  13.5
Mean fetal body weight (g) 33.4 ±7.27 30.9 ±4.43 29.9 ±7.21 29.3 ±4.82

Total fetuses (litters) with malformations11
External and visceral 0 0 0 2 (1)
Cardiovascular 0 0 0 0
Skeletal 0 3 (3) 2 (2) 0

NR — Not reported.
tAnalysis does not include the litters that were aborted.
^Calculated from individual animal data in Tasker et al, (1980a).
* The incidences of variations were not reported in this study.
*/?<0.05. ANOVA followed by t-test for multiple comparisons; litter is the statistical unit.
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level, Only skeletal malformations were observed in the low- and mid
dose groups, with no defects seen in controls. One fetus at the high-dose 
level had multiple malformations, including acrania with gastro- 
thoracoschisis, bilateral carpal flexures, fetal anasarca, absent dia
phragm, reduced diameter o f carotids and associated skeletal changes, 
while another had a single finding o f carpal flexure. Neither the type 
nor the incidence o f these malformations suggests an adverse effect o f 
glyphosate. Although total fetuses and litters with variations were not 
specifically reported, the types and incidence of fetuses with variations 
were primarily reduced ossification and there was no indication of a 
dose-related change. With respect to the heart and cardiovascular system, 
only the fetus with acrania had carotid stenosis.

Based on mortality and clinical signs at 175 and 350 mg/kg/day, 
the NOAEL for maternal toxicity is considered to be 75 mg/kg/day. 
The large number o f maternal deaths at the high dose makes 
interpretation of the overall study data difficult. Since no treatment- 
related increase in developmental toxicity was observed, > !75m g/kg/ 
day is considered the NOAEL for developmental toxicity. Because the 
study was limited by having loo few fetuses available at the high dose 
o f 350mg/kg/day for adequate morphological assessment, the NOAEL 
for developmental toxicity could not be established for doses higher than 
175 mg/kg/day.

DOI: 10.3109/10408444.2012.749834

Suresh (1993)
This study was conducted according to OECD 414 (1981). Female New' 
Zealand White rabbits o f at least 6 months o f age (> 2 .5k g) were 
acclimatized for at least 10 days, and then mated. The day o f mating was 
considered GD 0. Glyphosate technical (purity: 96.8%) was formulated 
in 0.5% carboxymethyl cellulose and Tween 80. No additional informa
tion on formulation was provided. Doses were described as “ mg/kg" in 
the study report, but based on the dosing description it is assumed that 
these were daily doses (Le. mg/kg/day). Impregnated does were

administered 0. 20. 100 or 500 mg/kg/day by oral gavage on GD 6-18  
(16-26  rabbits per group) The reason for including different numbers 
o f animals per dose group was not reported. The dosing volume was 
2 mL/kg body weight. Individual dose volumes were based on animal 
body weights. Animals were examined twice daily for mortality and 
clinical signs. Body weights were recorded on GDs 0, 6 -18  (daily) and 
27. Body weight gain was based on the intervals between body weights 
(e.g. GDs 0 -6 . 6-18). Absolute body weight was not reported by the 
authors, but was calculated here by subtracting the gravid uterine weight 
from the body weight on GD 28. Food consumption was calculated for 
GDs 0-6 , 6-19, 19-28 and 0-28. All surviving animals were sacrificed 
on GD 28 and the uteri and ovaries were weighed and examined for the 
numbers o f corpora lutea, implantations, resorptions, and live and dead 
fetuses. Uteri without apparent implants were stained to detect possible 
early resorptions. All fetuses were sexed. weighed and examined for 
external and internal abnormalities. The skeletons were stained with 
alizarin red and examined.

The major dose-related clinical signs included soft/liquid feces and 
mucus in the feces: these were observed in 0, 0. 1 and 14 does in the 0, 
20. 100 and 500 mg/kg/day groups, respectively. No dose-related effects 
on maternal food consumption or body weight gain were reported. 
Maternal body weight, however, was statistically significantly decreased 
in the 500 mg/kg/day group on GD 0. 6 and 28, indicating that the 
animals in this group were below the weights o f animals in other groups 
at the beginning o f the study.

The pregnancy outcome and delivery data are presented in Table A7. 
The numbers o f non-pregnant animals were 4, 4, 0  and 1 in the 0, 20. 100 
and 500 mg/kg/day groups, respectively. Animals that died or were 
sacrificed in extremis were 2, 0. 4 and 8 in the 0. 20, 100 and 500nig/kg/ 
day groups, respectively. Various findings at gross necropsy were noted 
in the lungs and trachea for the 100 and 500 mg/kg/day dose groups; 
these findings suggest possible gavage errors to which the deaths at these 
doses may be attributed. The number o f animals that aborted in each 
group was not reported.
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Table A7. Maternal and fetal outcome duta for New Zealand white rabbits treated with glyphosate on gestational days 6-18  
(Suresh, 1993).

0 mg/kg/day 20 mg/kg/day 100 mg/kg/day 500 mg/kg/day

Maternal data
No. animals on study 26 17 16 15
No. non-gravid 4 4 0
No. gravid does dead or sacrificed in extremis 2 0 4 8
No. that aborted NR NR NR NR
No. with only resorptions 0 0 0 1

Embryo/fetal data
Total No. litters examined 20 13 12 6t
Mean No. corpora lutea 11 ± 2 .8 10 ± 2 .4 10 ±  1.9 9 ± 2 .0
Mean No. implantations 8 ± 2 ,0 8 ±  1.5 9 ±  1.8 6 ± 2 .4
Mean % pre-implantation loss} 48 29 20 37
Mean No. embryo/fetal death} 0.90 1.38 2.00 1.67
Mean No. viable fetuses 6.7 6.1 6.4 5.6
Mean % post-implantation loss* 13.5 ±  14.3 18 .6±  13.1 23.4 ± 2 3 .8 23.2 ± 3 9 .0
Mean fetal body weight (g) 32 ± 5 .3 35 ± 3 .7 # 35 ±  2.4# 33 ± 4 .9
"Abnormal fetuses”  («; %) 1 (1) 2 (3) 0 0

Total fetuses (litters) with malformations
External 2 (2) 2 (1) 1 (1) 0 (0 )
Visceral 4 (3) 6 (3) 6 (4 ) 8 (2)*
Cardiovascular 2 (2) 4 (3) 6 (4 ) 6 (2)
Skeletal 11 (4) 5 (3) 0 (0) 1 (1)

Total fetuses (litters) with minor malformations and 
External

variations^
0 0 1 O) 0

Visceral NR (9) NR (5) NR (7) NR (2)
Skeletal NR (20) NR (13) NR (11) NR (5)

NR =  Not reported.
fOnly five litters were evaluated for developmental toxicity at 500 mg/kg/day; includes single litter that was aborted at this dose 

in the analysis.
¿Standard deviation not reported.
* Calculated from data provided in Suresh. 1993; values do not exactly match those presented in the study report.
§lncidence was not reported by individual fetus: rather, the incidence o f each type of defect was reported, but more than one may 

have been seen in the same fetus.
#Significantly higher than control by ANOVA followed by Dunnetfs test; litter is the statistical unit,
^Significantly different from control by chi-square test.
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Table A8. Types and incidence of individual malformations! (Suresh. 1993).

0 mg/kg/day 20 mg/kg/day 100 mg/kg/day 500 mg/kg/day

No. fetuses examined 133f 78 77 28
Acephaly. abdominal hernia, external nares absent, shortened upper 1 (1)

jaw. tail short & kinky, dorsal displacement o f genital tubercle; 
multiple associated skeletal malformations

Acrania. open eyelids, kinky tail, arthrogryposis and adactyly (one 2 (1 )
with microglossia, short upper jaw. thoracic and abdominal hernia, 
hemimelia, malformed skull, missing cervical centrum and arch; 
one with cleft palate and oligodactyly)

Seal-shaped heart
Cardiomegaly and seal-shaped-heart

1 U )
1 (1)

Dilated heart 4 (3)* 4 (2)* 5 (2)*
Dilated ventricle* 1 (1) 1 (1) 1 (1)
Cleft palate
Forelimb arthyrogryposis 
Liver hematoma

1 U>
1(1)

1 (1)
Gall bladder absent 
Hydronephrosis 1 (1) 1 (1)

1 (1)

Dilated ureter 1 (1)
Fused stemebrae 1 (1)
Malformed sternebrae 1 (1) 1 (1)
Displaced sternebrae 1 (1)
Missing ribs 4 (3 )
Bifurcated ribs 2 (2)
Missing thoracic arch and centrum 
Extra lumbar arch and centrum

3 (3)
1 (U

fSingle fetuses may be represented more than once.
ÎOne fetus was not examined for skeletal malformations.
• It is unclear from the study report if  the dilated ventricles are o f the heart or brain. For the purposes of this review, it is assumed that this description 

relates to the ventricles o f the heart.
^Significantly different from control by chi-square test.

The total numbers o f litters included in the data evaluation were 20. 
13, 12 and 5 for the 0, 20, 100 and 500mg/kg/day groups, respectively. 
Compared to controls, glyphosate treatment exerted no effect on the 
numbers o f corpora lutea, implantations or pre-implantation loss. 
Although there was no effect on pre-implantation loss, it seems high 
across groups and especially high in the controls (48%). There were no 
historical control data provided for this endpoint. There was no effect on 
post-implantation loss, embryo/fetal death or fetal sex ratios. Although 
fetal body weights in the 20 and 100mg/kg/day dose groups were 
reported to be significantly different from control, the weights were 
increased, the changes were less than 10% of control values and no dose- 
response across treatment groups was evident. Thus, the fetal body 
weight differences observed in these two dose groups are biologically 
inconsequential with respect to adverse effects.

There were no significant treatment-related increases in minor 
malformations or variations (Table A7). The incidence o f visceral 
malformations appeared to increase with dose, but only 28 fetuses were 
available for examination in the high-dose group and the incidence in the 
low, mid and high dose groups was similar.

Major viscera] malformations primarily affected the heart, but 
occurred in single incidences and showed no dose-response 
(Table A8). The exception was dilated heart, which was reported in 0. 
4, 4 and 5 fetuses (0, 3, 2 and 2 litters) in the control, 20, 100 and 
500 mg/kg/day dose groups, respectively. The terminology used to 
describe the heart malformations in this study is difficult to interpret 
(e.g. dilated heart, seal-shaped heart, cardiomegaly). For example, 
“ dilated heart“  w'as not defined in the study report, and how this 
malformation might relate to other heart defects (i.e. dilated right 
ventricle, seal-shaped heart, cardiomegaly) was not reported. Neither the 
criteria used to diagnose dilated heart nor measurements o f the hearts 
were provided, so it is not possible to directly compare the dilated heart 
findings to the hearts of the fetuses in other studies. It is possible that the 
observation of dilated hearts was due to overly stringent inspection 
compared to criteria used by other laboratories. Only two litters exhibited 
major visceral malformations in the high dose group: one fetus in one 
litter and an unknown number in another (individual fetus data were not 
reported). It should be noted that the high-dose group findings were 
seen in the presence o f extensive maternal toxicity, evidenced by clinical 
signs and a substantial number o f maternal deaths.

This developmental toxicity study in rabbits had several weaknesses 
including a small number of litters available for examination due to low 
pregnancy rates and maternal deaths in the mid- and high-dose groups; 
these weaknesses severely limit the conclusions that can be drawn at 
these dose levels. It is especially difficult to extract data from the 
report to confirm the findings. Based on clinical signs and deaths 
at 500 mg/kg/day, it appears that the high dose in this study significantly 
exceeded the maximum tolerated dose. Therefore, the NOAEL for 
maternal toxicity is considered to be 100 mg/kg/day. Since no apparent 
developmental toxicity was observed at any dose, >  100 mg/kg/day is 
considered the NOAEL for developmental toxicity. Because the study is 
limited by having too few fetuses available at the high dose of 500 mg/ 
kg/day for adequate morphological assessment, the NOAEL for devel
opmental toxicity could not be established for doses higher than 100 mg/ 
kg/day.

Bhide & Patil (1989)
This study was conducted according to OECD 414 (1981). It is not clear 
to what extent this study followed GLP practices, but it appears to be 
only partially GLP-complianl at most. Female New Zealand white 
pregnant rabbits o f age 24-28 weeks (1.5-2.0 kg) were used; they were 
acclimatized for six days. The females were mated with “ adult vigorous 
males“ . The day o f mating was considered GD 0. Doses were described 
as mg/kg doses in the study report, but based on the dosing description it 
is assumed that these were daily doses. Impregnated does were 
administered 0, 125, 250 or 500 mg/kg/day glyphosate technical 
(purity: 95%) by oral gavage on GD 6 -18  (15 rabbits per group). The 
dosing volume was 5mL/kg body weight: the test material was 
suspended in 0.1% gum acacia in water. Animals were observed twice 
daily for clinical signs, general behavior and body weight gain. 
Body weights were recorded on GDs 0. 6, 12, 18, 23 and 29. Food 
consumption was measured using the weight day intervals (e.g. GD 0-6 , 
6-12). The females were “ delivered by caesarian section 1 day before 
expected delivery“ . The does were sacrificed on GD 29 and the uteri and 
ovaries examined for the numbers o f corpora lutea, uterine weight, 
implantations, live and dead fetuses, Uteri from non-gravid animals were 
stained to examine for implantation sites (early resorptions). The does 
were further evaluated for gross pathological changes. All fetuses were
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Table A9. Maternal and fetal outcome data for New Zealand white rabbits treated with glyphosate on gestational days 6— 18f (Bhide & Patil. 1989).

0  mg/kg/day 125 mg/kg/day 250 mg/kg/day 500 mg/kg/day

Maternal data
No. animals on study 15 15 15 15
No. non-gravid 2 1 1 3
No. gravid does dead or sacrificed in extremis 0 0 0 0
No. that aborted 0 0 0 2

Embryo/fetal data
Total No, litters examined 13 14 14 12t
No. litters with no live fetuses 0 0 0 2
Mean No. corpora lutea 10.0 ±  1.69 10.1 ± 1 .6 0 10.3 ±  1.44 9.8 ± 1 .5 7
Mean No. implantations 9.0 ±  1.20 9.3 -t 1.33 9.4 ± 1 .1 2 8.5 ± 1 .05
Mean No. early resorptions 1.7 ± 3 .2 2 1.1 ± 2 .5 3 1.0 ± 2 .5 6 1.9 ± 2 .4 3
Mean % pre-implantation loss 21.3 ± 3 2 .4 14.9 ± 2 4 .09 14.7 ± 2 4 .38 13.1 ± 6 .3 4
Mean No. embryo/fetal death 0.07 ± 0 .2 6 0.13 ± 0 .3 5 0.27 ± 0 .5 9 1.4 ± 2 .2 0
Mean No. viable fetuses 7.3 ± 3 .1 0 8 .0 ±  2.59 8.0 ± 2 .4 8 5.2 ± 3 .0 3
Mean % post-implantaiion loss NR NR NR NR
Mean fetal body weight (gms) • 40.6 ±  16.6 47.1 ± 0 .9 5 47.5 ±  1.38 48.7 ±  1.87

Total fetuses (litters) with malformations§
Total fetuses (litters) with malformations | 3 (3) 6 (6) 10 (10) 20 (14)

External 1 d l 2 (2) 3 (3 ) 3 (3)
Visceral 1 (1) 4 (4) 5 (5) 12(9)
Cardiovascular 0 1 (1) 1 ID 2 (2)
Skeletal 1 (1) 0 2 (2 ) 5 (2)

NR =  Not reported.
f Body weights, maternal endpoints and some developmental endpoints for all 15 animals in each group appear to be included in the data. It appears that 

only the gravid animals were included for data on sex ratio and fetal body weight.
{The two litters that were aborted at this dose were included in the analysis.
* Fetal body weight data are as reported in the study report: it is unclear if all 15 does were included in this calculation,
§The incidences o f variations were not reported in this study.
11The total number appears to be the sum o f the fetuses and litters with external, visceral and skeletal malformations. Thus, the number of litters in the 

500mg/kg/day dose group is reported as 14 when there were only 12 litters in the group.

weighed and examined for external abnormalities, (hen processed by a 
fresh visceral dissection technique to determine sex and to examine for 
visceral abnormalities, including those o f the heart and great vessels. The 
heads were removed, decalcified, fixed in Bouin’s solution and examined 
separately. The remainder of each skeleton was prepared for the 
examination o f osseous tissue using alizarin red.

The pregnancy outcome and delivery data for this study are shown in 
Table A9. The authors did not describe any statistical methods and there 
were no designations o f statistical significance in their tables. The 
description o f the results provided in Bhide & Patil (1989) was very 
limited. The numbers o f non-pregnant animals were 2, 1. 1 and 3 in the 
0, 100, 250 and 500 groups, respectively. There were no maternal deaths. 
Two does aborted in the 500 mg/kg/day group and were also included in 
the “ No. Litters examined*’ endpoint. Data are given in the report for 
fetuses from 12 individual litters, but it is not clear which litters aborted.

The total number o f litters included in the data evaluation for various 
endpoints was not explained in detail in the report and appear to be 
different for different endpoints. From the tables in the report, it appears 
that all 15 animals from each exposure group were evaluated for clinical 
signs, food consumption, maternal body weight gain, corpora lutea counts, 
implantations, resorptions and embryo/fetal viability. Consequently, these 
endpoints would appear to include data from animals that were non
pregnant or which aborted. For sex ratio, fetal body weights, and 
malformations, it appears that only the gravid animals were included (i.e. 
13, 14. 14 and 12 in the 0, 100, 250 and 500 groups, respectively).

There were no dose-related clinical signs reported at any exposure 
level. Maternal food consumption and body weight gain appear to be 
reduced from that o f  controls at 500 mg/kg/day (food consumption. GDs 
6-29: body weight gain, GDs 12-29). However, with the inclusion of 
animals that were non-pregnant or aborted, it is not possible to determine 
if  this is a biologically significant result. There were no differences from 
control for the number o f corpora lutea, implantations or pre
implantation loss. Embryo/fetal deaths were slightly higher and viability 
was slightly lower than controls. Post-implantation loss was not reported.

The incidences o f external, visceral and skeletal malformations as well 
as total malformations are also shown in Table A9. Data were not reported 
for individual litters or fetuses, and the numbers for total fetuses and litters 
appear to be the sum o f the number with external, visceral and skeletal 
defects. As a result, the authors reported 14 litters with malformations in

the high-dose group when only 12 litters were examined. The numbers of 
fetuses and litters with variations are not reported.

The number o f types o f malformations reported was low in this study. 
Several malformations appeared to be increased in the high-dose group, 
including abnormal tail, missing kidney(s). absent postcaval lung lobe 
and rudimentary 14th rib. The latter two defects are typically considered 
variations. The only cardiovascular changes reported as malformations 
were IV septal defects: these were observed in 0, 1. 1 and 2 fetuses in the 
0. 125. 250 and 500 mg/kg/day dose groups. A number o f variations were 
reported, some o f which have been included as malformations by other 
authors: for example, globular heart, small right ventricle, dilated lateral 
cerebral ventricles and fused thoracic centra. Other variations reported 
are commonly seen in rabbits (e.g, incomplete septation o f lung lobes, 
irregular palatal rugae, blunt-tipped tail, irregular-shaped liver, globular
shaped kidneys, bilobed vertebral centra, reduced ossification of centra, 
sternebrae, pubis and skull). Several o f these were increased in the high
dose group. In summary, there were a number o f changes reported in the 
high-dose group, but the actual number o f fetuses and litters affected is 
likely to be lower. However, this could not be determined because o f the 
inadequate reporting o f  data.

This developmental toxicity study in rabbits is limited by the study 
design (e.g. the number o f pregnant does surviving to term in each dose 
group, especially the high-dose group) and inadequate reporting of data 
(e.g. the inclusion o f inappropriate animals in the calculation o f some 
endpoints, insufficient description o f study results). These limitations 
raise concern about using the results in any evaluation o f glyphosate 
developmental toxicity and NOAELs are not proposed because of these 
limitations.

Rat developmental toxicity studies
The six rat developmental toxicity studies o f glyphosate are summarized 
below and in Table A 10. As in the rabbit studies, we have focused only 
on the results o f the definitive studies. Because the impetus for concern 
regarding cardiovascular development was the rabbit studies and not the 
rat studies, these studies were not reviewed in the same level of detail as 
the rabbit studies. Rather, these studies are addressed m a combined 
discussion.
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Table A10. Maternal and fetal outcome data from the developmental toxicity studies of glyphosaie in rats.

Mean %  No,
No. No. No, post- Mean fetal malformed

Duration of Dose gravid maternal litters implantation Mean No. body fetuses Cardiovascular Maternal
Strain (#/group) Treatment (mg/kg/dsiy) females deaths examined loss live fetuses wts (gms) (litters) malformations toxicity Ref.

Wistar (24) GD 6-15* 0 22 0 22 9.9 ±  15.5 12.9 ±2.4 4.86 ±0.29 i (n None None Moxon (2002)
250 24 0 24 4.0± 5.1 12.4 ±3.4 5.02 i  0.33 i (n None None
500 23 0 23 7,8 ±  10.8 13.1 ±2.7 4.95 ± 0.29 i n i None None

moo 24 0 23 5.8 ±8.3 12.9 ±2.9 4.96 ±0.27 2 (2) None None
Sprague- GD 6-15 0 23 0 23 4.9 ±5.6 14.1 ±3.3 3.81 ±0.32 3 (3) One IV septal defect None Wood ( 1996)

Dawley (25) and persistent tninciis 
arteriosis. 1 retro
esophageal right-sided 
aortic arch

100 24 n 24 4.4 ±4.7 13.8 ±2.2 3.99 ±0.47 1 (1) One IV septal defect None
500 22 0 22 6.1 ±7,0 14.0 ± 1.8 3.76 ±0.29 0 None None

1000 25 0 25 5,2 ±6.8 14.0 ±3.1 3.79 ±0.40 0 None None
Sprague-Dawley GD 6-15 0 23 0 23 7.0 ± 6.1 13.7 ±4.1 M: 3.6 ±0,4 2(1) None None Haiti ken aka

Crj:CD (24)
30 24 0 24 6.8 ±7.8 15.0 ±2.1

F; 3.3 ±  0.3 
M: 3.6 ±0.2 
F: 3.4 ± 0.3

1 (1) None None
( 1995)3

300 24 0 24 7.4 ±  8.0 14.9 ±2.8 M: 3.5 ±0.4 3(2) One right aortic arch. None
F: 3.4 ±  0.4 1 IV septal defect

1000 22 0 22 8.4 ± 9.1 15.4 ±2.1 M: 3.6 ±0.2 5 (2) One IV septal defect Loose stool
F; 3.4 ± 0.2

Sprague- GD 6-15 0 23 0 23 6,1 13.7 3.96 1 (1) None None Brooker et al.
Dawley (25) 300 23 0 23 7.3 12.7 3.90 2 (2) None None (1991 b)1*

1000 25 0 25 5.7 13.2 3.89 1 (1) One IV septal dcfcei None
3500 25 3 22 3,6 13,1 3.711 3 (2) One IV septal defect Salivation, loose feces.

noisy respiration, 
wet coats, gasping

Wislar GD 6-15 0 30 0 30 8 8.7 3.6 ± 0.4 Hxtemal/visceral None None Suresh ( 1991 )
5 (5) 

Skeletal 
17 (8) *

1000 20 0 20 11 7.9 3.7 ±  0.3 Extcrnal/VIsceral
0

Skeletal

None None

10 (6)*
Sprague-Dawlcy GD 6-19 0 22 0 22 4.2 ±5.7 14.4 ± 1.3 3.5 ±  0.2 3(3) None None Tasker ct al.

COBS CD 300 20 0 20 1.4 ±  3.5 11.9 ±4.4* 3.7 ±  0.7 0 None None ( l‘« 0b )'
rats (25) 1000 21 0 21 3.1 ±5.6 14.3 ±2.1 3.6 ±0.2 0 None None

3500 23 6 16 I4.3±24.0' 11.5 ±4.1* 3,2 ± 0.3** 10 (3)' None 6/25 deaths: various
signs of clinical 
toxicity; decreased 
weight gain due to 
weight loss on 
GD 6-9

¡Moxon (2002) designated the day o f finding sperm as GDI. The exposure period listed here was adjusted using GD 0 as the day o f finding sperm.
'Hatakenaka (1995) did not report a combined mean fetal weight, but rather reported the mean fetal weight for males (M) and females (F) separately. Individual animal data were not available to calculate the
 ̂ combined mean fetal weight. Mean post-implantation loss also was not reported but was calculated by the present authors based on data provided in the study report.
One small IV septal defect was considered a variation by the authors.
Brooker et al. (1991b) did not provide standard deviation values for mean post-implantation loss, mean number o f live fetuses, or mean fetal body weights.
Ûndescended testis and unascended kidneys were considered minor malformations by the authors but are included here.

"Several bilobed vertebral centra and delayed ossification o f various bones were reported as major malformations, but none fit the author’s definition of a major malformation. Individual fetal data were 
incompletely reported, so it is difficult to determine which type of defects which fetus and litter. The number o f fetuses (litters) given here is taken from Table A9 in Suresh (1991).

' Post-implantation loss percentages and standard deviations calculated from individual animal data in Tasker et al. (1980b); statistical significance was not calculated.
^Includes six fetuses in one litter with a syndrome of hem tail, open eyelids, missing kidneys and ureters, and various skeletal defects and three fetuses in another litter with dwarfism. All malformations were seen 

in the historical controls.
pcO .O I. Kruskal-Wallis followed by distribution-free Williams' test; litter was the statistical unit.

*/?<0.05. ANOVA followed by Dunnett's test; statistical unit was not specified.
**p< 0.01 . ANOVA followed by Dunnett's test; statistical unit was not specified.
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In the rat studies, the day of finding sperm was designated as GD (),’ 
except in the study by Moxon (2002), which referred to it as GD 1. 
For the purpose of discussing the timing o f  exposure and outcome 
measurements in the rat studies in an integrated fashion, the day of 
mating and succeeding gestational days have been corrected to GD 0 for 
Moxon (2002). With the exception o f Suresh (1991), all o f the studies 
used a randomized (block) design to assign the impregnated females to 
treatment groups (n — 20-25 animals/group). In contrast, Suresh (1991) 
had only one exposure level ( lOOOmg/kg/day) and it is unclear how the 
females were assigned to the control and treated groups. Each study 
included a vehicle control group (Omg/kg/day). Glyphosatc exposure 
levels ranged from 30 to 3500 mg/kg/day across the studies and were 
administered as glyphosate technical (i.e. glyphosale acid). The exposure 
was via oral gavage on GDs 6-15 . except in Tasker et al. (1980b), 
in which animals were exposed on GDs 6-19. Regular observations o f 
the females for mortality, clinical signs and body weight measurements 
were made in all studies: food consumption was measured in most 
studies.

In several cases, females were euthanized during the course o f the 
study due to issues that were not associated with glyphosate exposure 
(e.g. ntis-dosing. intubation error). At exposure levels lower than 
lOOOmg/kg/day, no maternal toxicity was observed over the course of 
the studies. In Wood (1996), lethargy was reported in two animals on 
2 days during treatment; this finding was not considered sufficient 
evidence o f maternal toxicity. Aiso, in Brooker et al. (1991b). noisy 
respirations were reported in two animals on a single day. Again, due to 
the transient nature o f the finding, it was not considered evidence 
o f  maternal toxicity. At lOOOmg/kg/day and higher, animals in three 
o f the six studies showed signs o f lethargy, as well as respiratory 
and gastrointestinal distress. At lOOOmg/kg/day and lower, there 
were no maternal deaths. In the two studies that used doses as high 
as 3500mg/kg/day (Brooker et al., 1991b; Tasker et al., 1980b), 
there were three (two considered treatment-related) and six deaths, 
respectively,

For the most part, exposure levels less than lOOOmg/kg/day did not 
affect food consumption except during short intervals at the beginning of 
treatment (Hatakenaka. 1995: Wood. 1996) or post-dosing (Hatakenaka, 
1995). At 350 0 mg/kg/day, Brooker et al. (1991b) reported a treatmenl- 2

DOI: 10.310 9 /10408444.2012.749834

2Brooker (1991b) &  Suresh (1991) refer to it as Day 0 o f Pregnancy.

related decrease in food consumption during the exposure period 
(GD 6-15); Tasker et al. (1980b) also tested 3500 mg/kg/day. but did not 
report food consumption values.

Maternal body weight was not affected in any o f the studies at 
exposure levels lower than 3500 mg/kg/day. At 3500 mg/kg/day, Brooker 
et al. (1991b) reported that maternal body weight and body weight gain 
were reduced (GD 6-20); in contrast. Tasker et al. (1980b) did not 
observe a similar effect at this dose.

Maternal animals were sacrificed on GD 20, except in Moxon (2002) 
where the animals were sacrificed on GD 21. Standard endpoints of 
reproductive and developmental toxicity were evaluated (Table A 10). 
There were no dose-related effects on the numbers o f corpora lutea, 
implantations, live and dead fetuses, fetal weight or fetal sex ratio at 
lOOOmg/kg/day and below. At 3500mg/kg/day. Brooker et al. (1991b) 
reported reduced mean fetal weight. Al this same dose, Tasker et al. 
(1980b) reported a statistically significant increased number o f resorp
tions, significantly decreased mean numbers o f implantations and viable 
fetuses per dam, and diminished mean fetal body weights compared to 
controls. Tasker et al. (1980b) also reported statistically significant 
decreased mean numbers o f implantations and viable fetuses per dam in 
the 300 mg/kg/day treatment group, but this effect was not observed at 
1000 mg/kg/day. Consequently, there was no clear dose-response effect 
for this parameter.

Glyphosate did not produce adverse effects on structural development 
(Table A 10). Tasker et al. (1980b) reported 10 fetuses with malforma
tions in three litters at 3500 mg/kg/day. Six o f these fetuses were in 
one litter and showed a syndrome o f bent tail, open eyelids, missing 
kidneys and ureters, and various skeletal defects. Three fetuses in 
another litter were reported to have dwarfism. All these effects were 
within the historical control range. With respect to specific cardiovas
cular malformations, three o f the six studies reported no effects 
(Moxon, 2002; Suresh, 1991; Tasker et al.. 1980b). The other three 
studies (Brooker et al., 1991b: Hatakenaka. 1995; Wood. 1996) reported 
single incidences of specific defects: in two studies, they were observed 
in the controls as well as in the exposed fetuses. These results 
indicate that o f  glyphosale exposure o f pregnant rats at doses o f up to 
3500 mg/kg/day does not produce any evidence o f cardiovascular 
malformations.

Potential developmental toxicity of glyphosate 95
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Abstract
Glyphosate, an herbicidal derivative of the amino acid glycine, was introduced to agriculture in 
the 1970s, Glyphosate targets and blocks a plant metabolic pathway not found in animals, the 
shikimate pathway, required for the synthesis of aromatic amino acids in plants. After almost for
ty years of commercial use, and multiple regulatory approvals including toxicology evaluations, 
literature reviews, and numerous human health risk assessments, the clear and consistent con
clusions are that glyphosate isoflow  toxicological concern, and no concerns exist with respect to 
glyphosate use and cancer in humans. This manuscript discusses the basis for these conclusions. 
Most toxicological studies informing regulatory evaluations are of commercial interest and are 
proprietary in nature. Given the widespread attention to this molecule, the authors gained access 
to carcinogenicity data submitted to regulatory agencies and present overviews of each study, 
followed by a weight of evidence evaluation of tumor incidence data. Fourteen carcinogenicity 
studies (nine rat and five mouse) are evaluated for their individual reliability, and select neo
plasms are identified for further evaluation across the data base. The original tumor incidence 
data from study reports are presented in the online data supplement. There was no evidence of 
a carcinogenic effect related to glyphosate treatment. The lack of a plausible mechanism, along 
with published epidemiology studies, which fail to demonstrate clear, statistically significant, 
unbiased and non-confounded associations between glyphosate and cancer of any single 
etiology, and a compelling weight of evidence, support the conclusion that glyphosate does 
not present concern with respect to carcinogenic potential in humans.
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Introduction
Glyphosate (Figure 1), an aminophosphonic analog of 
the natural amino acid glycine, is widely used as an herbicide 
for the control of annual and perennial grasses and broad
leaved weeds. Glyphosate inhibits 5-enolpyruvateshikimate- 
3-phosphate synthase (EPSPS), an enzyme of the aromatic 
acid biosynthesis pathway, which is not present in the 
animal kingdom. Glyphosate-based herbicide formulations 
(GBFs) were introduced in 1974 and are formulated with
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Figure 1 Slruclure of glyphosate acid.

sodium-, potassium-, ammonium- and isopropyl ammonium
salt forms of the active ingredient. The bulk-manufactured 
active herbicide glyphosate has the synonyms glyphosate 
technical acid, technical grade glyphosate and glyphosate 
acid.

The economic importance of glyphosate for grow
ers is high. It has been estimated that a hypothetical ban of 
glyphosate would lead to decreases in the production of wheat, 
fodder, maize and oilseeds, by 4.3-7.1%, with the result of an 
estimated annual welfare loss of 1.4 billion USD to society 
in the European Union alone (Schmitz and Harvert 2012). 
Furthermore, glyphosate plays an important role in integrated 
pest management strategies, and affords the environmental 
benefit of substantially reduced soil erosion resulting from of 
no-till and reduced-till agriculture.

The long-term toxicity and carcinogenicity of glyphosate 
has been investigated by multiple entities including academia, 
registrants, and regulatory authorities, and the data generated 
have been evaluated in support of herbicide regulatory approv
als in many world regions including the USA (US EPA 1993) 
and the European Union (EC 2002), and several scheduled 
réévaluations are currently ongoing in the USA, Canada, Japan 
and Europe (Germany Rapporteur Member State 2015a), with 
imminent conclusions.

Studies of appropriate scientific quality are the basis for 
regulatory decision making. Mandatory testing guidelines 
(TGs) exist for toxicological studies submitted for regulatory 
review of active substances for plant protection in many regions 
of the world. Such TGs have been released, inter alia, by the 
United States Environmental Protection Agency (US EPA
2012), the European Union (EU 2008), the Japanese Ministry 
of Agriculture. Forestry and Fisheries (JMAFF 2000), and the 
Organization of Economic Co-operation and Development 
(OECD 2012b). These TGs set quality standards for each type 
of study by giving guidance regarding test species, strains, and 
number of animals to be used, the choice of dosing, exposure 
duration, and parameters to be measured and observed, as well 
as for the reporting of results. Due to the lack of effective legal 
and regulatory provisions for the sharing of vertebrate study 
data in the past, and to guarantee the safety of technical gly
phosate obtained from different processes of synthesis, several 
manufacturers of glyphosate had to initiate toxicological test
ing programs of their own. Occasionally, regulatory studies 
had to be repeated to reflect major changes in the underlying 
TG. In the case of glyphosate, this has given rise to a multi
tude of studies for the same toxicological endpoints, leading 
to the availability of an extraordinarily robust scientific study 
database that can be considered unique among pesticides, 
industrial chemicals, and pharmaceuticals. Such a remarkable 
volume of studies addressing the same endpoints, conducted 
over the last 40 years by several independent companies and 
laboratories while toxicology test guidelines have evolved,

warrants investigation for consistency, reliability, and appli
cation to their intended purpose: identifying potential human 
health hazards and setting appropriate endpoints for human 
health risk assessment. Studies conducted with equivalent test 
substances using the same TG are readily comparable and can 
be evaluated by regulators following standardized schemes. 
Minor differences in the findings reported by such repetitive 
studies are attributable to statistical chance, natural biological 
variability, type of basal diet, rate of feed consumption, animal 
strain differences, choice of dose levels, inter-strain genetic 
drift over time due to varying vendor breeding practices, 
changes in animal care and husbandry practices across labo
ratories over the years, inter-laboratory variations in clinical 
measurements, and differences between individual pathologist 
evaluation and interpretation of tissue specimens.

Glyphosate is under significant political pressure due to 
its widespread use, particularly in association with use on 
genetically modified crops. One focus area of contention has 
been the human safety of glyphosate, which has been repeat
edly challenged by interest groups via the media, as well 
as select research publications in the scientific literature 
(Antoniou et al. 2012, Aris and Leblanc 2011. Aris and Paris 
2010, Benachour and Seralini 2009, Gasnier et al. 2010, 
Paganelli et al. 2010, Romano et al. 2012, Romano et al. 
2010). To that end, one specific publication by Seralini et al. 
(2012, retracted) drew significant criticism from both the toxi
cology and broader scientific communities (Baralc-Thomas 
2013, Berry 2013. de Souza and Oda 2013, Grünewald and 
Bury 2013, Hammond et al. 2013, Langridge 2013, Le Tien 
and Le Huy 2013, Ollivier 2013, Panchin 2013, Sanders et al. 
2013. Schorsch 2013, Tester 2013. Trewavas 2013. Tribe
2013) . After a special review of the investigators’ raw data 
by a mutually agreed-upon expert panel, the manuscript was 
retracted by Food and Chemical Toxicology (FCT), for rea
sons of inconclusive data and unreliable conclusions (Hayes
2014) . The Editor of the International Journal o f Toxicology 
highlighted this manuscript as an example of possible failure 
of the peer review process in a well-respected toxicology 
journal with an editorial board of well-known and respected 
toxicologists (Brock 2014). The manuscript was later repub
lished without peer-review in an open access journal (Seralini 
et al. 2014), but will not be addressed in this data evaluation 
due to the inappropriate study design, insufficient reporting of 
tumor incidence data, and the lack of a data supplementary to 
the manuscript.

The chronic/carcinogenicity studies discussed in this paper 
have been submitted to and evaluated by a variety of agencies 
over time, including the World Health Organization (WHO/ 
FAO 2004b, WHO/FAO 2004a), the United States Environ
mental Protection Agency (US EPA 1993), the European 
Rapporteur Member State Germany for the initial glyphosate 
Annex 1 listing (EC 2002) and the recent European re
evaluation (Germany Rapporteur Member State 2015a), as 
well as the ongoing reevaluations in the USA, Canada and 
Japan. These regulatory bodies, drawing upon internal and/or 
external expertise, have consistently concluded that glyphosate 
is devoid of carcinogenic risk to humans.

The purpose of this article is to provide the broader 
scientific community with insight into this large body of 
carcinogenicity data on glyphosate. originally generated for
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regulatory purposes. Each study discussed in this review has 
been assigned a reliability score in Tables 3-19, following the 
Klimisch scoring system (Klimisch et al. 1997). In this sys
tem, a score of 1 is assigned to studies that are fully reliable 
based on compliance with Good Laboratory Practice (GLP) 
and adherence to appropriate study guidelines. A score of 2 is 
appropriate if some guideline requirements are not met, but if 
these deficiencies do not negatively affect the validity of the 
study for its regulatory purpose. Studies with a reliability of 3 
employ a test design that is not fit for the scientific purpose of 
the study, due to significant scientific flaws, or the objective of 
the study not covering the regulatory endpoints, or both. Such 
studies can provide supplemental information but do not allow 
a stand-alone appraisal of a regulatory endpoint. No studies 
were assigned a reliability of 4, since each report contained 
sufficient information to judge the validity of the study.

This manuscript presents the robust glyphosate carcino
genicity data generated by industry. Study summaries will 
focus on carcinogenicity evaluation, to allow third parties the 
opportunity to independently evaluate the carcinogenicity data 
presented alongside other relevant data on carcinogenicity, i.e. 
genotoxicity testing and epidemiology, and facilitate a mul
tidisciplinary carcinogenicity assessment as proposed in the 
literature, by recognized experts in the fields of toxicology and 
human health risk assessment (Adami et al. 2011).

Absorption, distribution, metabolism and excretion 
of glyphosate
A number of absorption, distribution, metabolism, and excre
tion studies (ADME) have been conducted on glyphosate for 
evaluation in regulatory submissions (EC 2002, US EPA 1993, 
WHO/FAO 2004a) and also by academic institutions (Anadon 
et al 2009). Glyphosate consistently demonstrates low gastro
intestinal absorption (20-40%). Its metabolism is very limited, 
whereby only small quantities of a single metabolite, aminom- 
ethylphosphonic acid (AMPA), arc eliminated in feces. AMPA 
is likely produced by the limited metabolism of glyphosate by 
the gastrointestinal microflora, rather than via mammalian 
metabolism. Glyphosate is structurally akin to a phase II 
metabolite, a glycine-conjugate of methyl phosphonate. and 
thus avails itself to rapid urinary excretion. Systemic elimina
tion is biphasic, with alpha-phase half-lives in the range of 
6-14 h (Anadon et al. 2009, WHO/FAO 2004a).

Toxicological properties of glyphosate
Table 1 contains a short overview of toxicological endpoints 
of glyphosate that have been published in the List of Endpoints 
identified for glyphosate by the Rapporteur in the European 
Union under Regulation 1107/2009 (Germany Rapporteur 
Member State 2015c). Glyphosate is of low acute toxicity via 
all routes of exposure. Glyphosate’s active ingredient, an organic 
acid, has an irritating effect on mucosa which is evidenced by 
eye irritation and effects on oral and gastrointestinal mucosa; 
final formulated products contain more neutral pH salt forms, 
as reflected in the tabulated eye irritation data reported in 
Table 11, on page 109 of the 2004 JMPR Toxicological Evalua
tion (WHO/FAO 2004a). Glyphosate is not mutagenic, not neu
rotoxic, and has no eftect on pre-natal development and fertility 
at doses not exceeding the maximum tolerated dose (MTD).

Genotoxicity
Very recently, a review of the vast body of genotoxicity 
studies on glyphosate and GBFs has been published (Kier 
and Kirkland 2013), including an online data supplement 
presenting detailed data from 66 separate in vitro and in vivo 
genotoxicity assays. The authors incorporated these studies 
and published genotoxicity data into a weight-of-evidence 
analysis. The vast majority (over 98%) of the available bacte
rial reversion and in vivo mammalian micronucleus and chro
mosomal aberration assays were negative. Negative results for 
in vitro gene mutation and a large majority of negative results 
for clastogcnic effect assays in mammalian cells support the 
conclusion that glyphosate is not genotoxic for these endpoints 
in mammalian test systems. DNA damage effects are reported 
in some instances for glyphosate at high or toxic dose levels. 
The compelling weight of evidence is that glyphosate and 
typical GBFs are negative in core assays, indicating that 
the reported high-dose effects are secondary to toxicity and 
are not due to DNA-reactive mechanisms. Mixed results were 
observed for micronucleus assays in non-mammalian systems 
and DNA damage assays of GBFs. These effects of GBFs may 
also be associated with surfactants present in the formulated 
products. Kier and Kirkland conclude that glyphosate and 
its typical formulations do not present significant genotoxic 
risk under normal conditions of human or environmental 
exposures.

Epidemiology
Available epidemiological studies of glyphosate and cancer 
endpoints were recently reviewed (Mink et al. 2012). Seven 
cohort studies and fourteen case-control studies examining 
a potential association between glyphosate and one or more 
cancer outcomes were subjected to a qualitative analysis. The 
review found no consistent pattern of positive associations 
between total cancer (in adults or children) or any site-specific 
cancer, and exposure to glyphosate. A recent review article 
(Alavanja et al. 2013) cites one epidemiology study associ
ating glyphosate use with non-Hodgkin's lymphoma (NHL), 
and accepts the study findings prima facie. However. Alavanja 
et al. (2013) did not highlight six other published epidemiology 
studies which evaluated glyphosate use and NHL. noting that 
any association between NHL and glyphosate use was null or 
not statistically significant. All seven studies were scrutinized 
by Mink et al. (2012). NHL is not a specific disease, as men
tioned in both the epidemiology review publications above, but 
is rather multiple presentations of lymphoma which are sim 
plistically classified as not being Hodgkin’s lymphoma (HL). 
This dichotomous classification of HL/NHL was rejected by 
the World Health Organization in 2001, whereby 43 different 
lymphomas of various etiologies were precisely characterized 
(Berry 2010). The Bradford Hill criteria are often applied in 
efforts to determine whether an association between a health 
effect and human exposure may be deemed causal. However, 
an important premise often overlooked from Sir Austin Brad
ford Hill's famous speech of 1965, is that before applying 
these criteria, the observations should “reveal an association 
between two variables, perfectly clear-cut and beyond what we 
care to attribute to the play of chance” (Bradford Hill 1965). 
This predicate of the association being "perfectly clear-cut”
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Table 1. Summary of toxicological endpoints for glyphosate (Germany Rapporteur Member State 2015c).

Endpoint Value Remark
Oral absorption ca 209 Rat, in vivo
Dermal absorption <1% Human, in vitro, 

0.015 g glyphosate/L
Rat LD50 oral >  2000 mg/kg bw
Rat LD50 dermal >  2000 mg/kg bw
Rat LC50 inhalation >  5 mg/L 4-h exposure
Skin irritation Not irritating
Eye irritation Acid: moderately to severely irritating 

Salts: slight or non-irritating
Skin sensitization Not sensitizing

(LLNA, Magnusson-Kligmant, and Buehlertest)
Genotoxicity Not genotoxic (in vitro and in vivo)
Chronic toxicity BW gain, liver (organ weight t , clinical chemistry, histology): salivary Critical study used for ADI

glands (organ weight 1. histology); stomach mucosa and bladder 
epithelium(histology); eye (cataracts), caecum (distention, organ weight T )  

NOAEL = 100 mg/kg bw/day (2-yr rat)

setting

Reproductive toxicity Reduced pup weight at parentally toxic doses, 
NOAEL = 300 mg/kg bw/day

Developmental toxicity Post-implantation loss, fetal BW & ossification ]; effects confined to 
maternally toxic doses 

Rat NOAEL: 300 mg/kg bw/day 
Rabbit NOAEL: 50 mg/kg bw/day

Delayed neurotoxicity No relevant effects, NOAEL; 2000 mg/kg bw/day
Acceptable Daily Intake (ADI) 0.5 mg/kg bw/day

Based on developmental toxicity in rabbits
Safety factor 100

Acceptable Operator Exposure 0.1 mg/kg bw/day Salety factor 100
Level (AOEL) Based on maternal toxicity in rabbit teratogenicity study Corrected for oral absorption

of 207c

was recently highlighted as requiring statistical significance, 
wherein the confidence interval of a relative risk ratio is 
bracketed above 1.0, as well as concluding that the associa
tion may not be attributable to bias, confounding or sampling 
error (Woodside and Davis 2013). According to Bradford Hill, 
should an epidemiology study be considered to demonstrate a 
“perfectly clear-cut" association between glyphosate exposure 
and a human health outcome, only then should the Bradford 
Hill criteria be investigated to determine whether there is 
causality. To date, no such “perfectly clear-cut” association 
between glyphosate exposure and any cancer exists. However, 
investigative toxicology is an important discipline to evalu
ate chemicals before any human exposure occurs, and these 
data may inform subsequent considerations of whether asso
ciations are attributable to causality. One Bradford Hill crite
rion in establishing disease causality is plausibility, based on 
known disease etiologies. In the case of lymphoma, there are 
numerous etiologies for the numerous and different lymphoma 
diseases, and as such, each lymphoma type should be investi
gated for a plausible mechanism to determine whether causal
ity may be attributed an appropriately qualified association. 
Another Bradford Hill criterion is identification of a biological 
gradient, or dose-response, which is a key consideration in the 
following data evaluation.

Chronic toxicity studies
Several one-year chronic studies have been undertaken in dogs 
and one in rats, in addition to the many chronic/carcinogenic- 
ity studies with one-year interim sacrifice groups. Current 
Test Guidelines (OECD, EPA, EU and JMAFF) for long-term 
studies clearly state that the highest dose tested should either 
be at the maximum tolerated dose (MTD), conventionally 
interpreted as a dose causing non-lethal toxicity, often noted

as reduced body weight gain of 10% or more (1UPAC 1997). 
For test substances with low toxicity, a top dose not exceeding 
1000 mg/kg bw/day may apply, except when human exposure 
indicates the need for a higher dose level to be used (OECD 
2012a). All human exposure estimates are well below 1 mg/kg 
bw/day (see Discussion section), so that 1000 mg/kg bw/day is 
a practical limit dose for glyphosate in carcinogenicity studies. 
In the original pre-guideline chronic/carcinogenicity study, 
rats were dosed well below the MTD (Monsanto 1981), but 
in many subsequent studies, they were dosed well in excess of 
today’s standard practice of not exceeding the dose limit.

Dog chronic studies
Five one-year oral toxicity studies have been conducted 
in Beagle dogs (Table 2). Studies in dogs are not designed 
to detect neoplastic effects; these studies are therefore not 
discussed in detail. Nonetheless, the histopathological inves
tigations that are part of one-year dog studies according to 
OECD TG 452 did not identify (pre) neoplastic lesions related 
to the administration of glyphosate.

Treatment-related effects in dog studies with glyphosate 
were restricted to non-specific findings like small retarda
tions in body weight gain and soft stools, which are common 
findings in this test species. The lowest relevant NOAEL (i.e. 
highest NOAEL below the lowest LOAEL) in dogs on a daily 
treatment regimen for one year was 500 mg/kg bw/day. These 
studies demonstrate that glyphosate is of very low toxicity 
following repeat exposures in dogs.

Rat chronic studies
The chronic toxicity potential of glyphosate acid was assessed 
in a 12-month feeding study (conducted in 1995 and 1996) in
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Table 2. Summary of one-year toxicity studies with glyphosate.

Authors: Monsanto (1985)
Reliability/Justi fication 2 Study performed according to GLP and OECD guideline requirements, with the following deviation: MTD not

Substance: 
Species/Strain: 
Administration route: 
Doses.
Duration:
Findings:

reached by highest dose 
Glyphosate (96.1% pure)
Dog/Beagle, groups of 6 <5 and 6 Ç 
Oral, capsule
0. 20, 100, 500 mg/kg bw/day 
1 year
¿•500 mg/kg bw/day: NOAEL (d + 9 ) no treatment-related effects

Authors: Cheminova (1990)
Reliability/Justification 
Substance: 
Species/Strain 
Administration route. 
Doses:
Duration:
Findings:

1 Study performed according to GLP and OFCD guideline requirements, with no deviations.
Glyphosate (98.6-99.5% pure)
Dog/Bcagle. groups of 4 d  and 4 9 
Oral, capsule
0. 30, 300. 1000 mg/kg bw/day 
1 year
300 mg/kg bw/day: NOAEL (d +  9)
1000 mg/kg bw/day: soft, liquid stools (attributable to capsule administration); equivocal impact on body weight gain

Authors: Nufarm (2007)
Reliability/Justification 2 Study performed according to GLP and OECD guideline requirements, with the following deviation: MTD not 

reached by highest dose
Substance: 
Species/Strain 
Administration route: 
Doses:
Duration:
Findings:

Glyphosate (95.7% pure)
Dog/Beagle. groups of 4 d  and 4 Ç 
Oral, capsule
0. 30. 125. 500 mg/kg bw/day 
1 year
s  500 mg/kg bw/day: NOAEL (d + 9) 
No treatment-related effects

Authors: Arysta Life Sciences (1997c)
Reliability/Justification 2 Study performed according to GLP and OECD guideline requirements, with the following deviation: MTD not 

reached by highest dose
Substance: 
Species/Strain 
Administration route: 
Concentration: 
Duration:
Findings:

Glyphosate (94.6% pure)
Dog/Beagle. groups of 4 d and 4 9 
Oral, diet
0, 1600, 8000, 50 000 ppm diet (d about 34.1. 182, 1203 mg/kg bw/day; 9 about 37.1, 184. 1259 mg/kg bw/day)
1 year
182/184 mg/kg bw/day; NOAEL (d/9)
At high dose: loose stool, non-statistically significant retarded body weight gain, decreased urinary pH, slight and 

non-statistically significant focal pneumonia (9). minor clinical chemistry changes of Cl f, albumin J. P 1 (9)
Authors: Syngenta (1996a)
Reliability/Justification
Substance:
Species/Strain
Administration route:
Concentration:
Duration:
Findings:

1 Study performed according to GLP and OECD guideline requirements, with no deviations.
Glyphosate (95.6% pure)
Dog/Beagle, groups of 4 d and 4 9 
Oral, diet
0, 3000. 15 000, 30 000 ppm diet (d  about 90.9.440. 907 mg/kg bw/day; 9 about 92,1.448. 926 mg/kg bw/day) 
1 year
15 000 ppm diet: NOAEL (9)
^  30 000 ppm diet: NOAEL (d): No treatment-related effects 
30 000 ppm diet: slight body weight reduction (9)

Authors: Syngenta ( 1996b)
Reliability/Justification
Substance:
Species/Strain
Administration route:
Concentration:
Duration:
Findings:

1 Study performed according to GLP and OECD guideline requirements, with no deviations.
Glyphosate (95.6% pure)
Rat/Wistar Alpk: AP.SD. groups of 24 d and 24 9 
Oral, diet
0, 2000, 8000. 20 000 ppm diet (d about 141. 560, 1409 mg/kg bw/day; 9 about 167. 671. 1664 mg/kg bw/day) 
1 year
8000 ppm diet: NOAEL (d + 9)
20 000 ppm diet: parotid salivary glands (focal basophilia of the acinar cells considered non-adverse adaptive 

response, <$. 13/24, 9: 15/24), body weight reduction

24 male and female Wistar rats per group, dosed at 0. 2000, these doses of glyphosate. There were no toxicologically
8000 and 20 000 ppm (Syngenta 1996). The mean achieved significant or treatment-related effects on hematology, blood
dose levels were 0. 141,560 and 1409 mg/kgbw/day for males, and urine clinical chemistry, or organ weights (Table 2).
and 0.167.671 and 1664 mg/kg bw/day for females. Spastically The treatment-related pathological finding, that is increased
significant reductions in bodyweight were evident in animals incidence of mild focal basophilia, and a hypertrophy of the
receiving 20 000 ppm glyphosate acid, together with a mar- acinar cells of the parotid salivary gland in both sexes which
ginal reduction in bodyweight in rats receiving 8000 ppm, but had received 20 000 ppm glyphosate acid, is considered an
food consumption relative to controls was lower for these dose adaptive response due to oral irritation from the ingestion of
groups, suggesting reduced palatability of the diets containing glyphosate, an organic acid, in the diet. This was verified by
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mode of action investigations and studies with dietary admin
istration of citric acid, a non-toxic organic acid with irritation 
properties and pH dilution curve similar to those of glyphosate 
(Saltmiras et al. 2011), which elicited the same response in the 
acinar cells of the parotid salivary glands.

In conclusion, the 12-month NOAEL in rats for glyphosate 
acid, as determined from this study, is 8000 ppm (correspond
ing to 560 mg/kg bw/day in males and 671 mg/kg bw/day 
in females). This study does not cover neoplastic endpoints. 
These were addressed in a subsequent study by the same spon
sor (Syngenta 2001). Consistent with the findings observed in 
dogs, this study demonstrates that glyphosate is of very low 
toxicological concern following long-term daily exposures.

Similarly, most of the following 2-year rat carcinogenicity 
studies included additional groups for 1-year interim sacrifice 
to evaluate chronic toxicity. These studies did not elucidate sig
nificant toxicological concerns for chronic dietary exposures to 
glyphosate in rats in multiple expert reviews by governmental 
agencies and several technical branches of the World Health 
Organization including the Joint Meeting on Pesticide Resi
dues Toxicological Evaluations (WHO/FAO 2004a).

Carcinogenicity studies
Chronic/carcinogenicity tests are designed to simulate lifetime 
exposures to an individual chemical and represent the most 
robust in vivo assay to evaluate the effects of chronic exposure 
including carcinogenicity. These models are biological sys
tems with natural background variability due to tumor forma
tion as a natural consequence of aging. Glyphosate was found 
to have no carcinogenic potential, which is reflected in the data 
showing only background noise of spontaneous tumors across 
the wide range of doses. Normal biological variability should 
display various tumor types across all dose groups without an 
apparent dose-response. The study summaries discuss “select 
neoplasms”, identified by the authors as having an elevated 
incidence above concurrent controls across one or more dose 
groups, most of which lacked statistical significance and/or 
dose-response within an individual study. These tumors are 
then evaluated in the context of the whole data set, to provide 
a robust weight of evidence overview for the doses spanning 
several orders of magnitude. While not all studies have select 
neoplasms identified in the individual study summary tables, 
select neoplasms for all studies are reported in Tables 20-23. 
Summary tables of the select neoplasms footnote the strain 
tested for each dose, to allow consideration of strain differ
ences in spontaneous tumor susceptibility (Tables 20-23). In 
addition, complete tumor incidence summary tables have been 
extracted from the original eight rat (the published rat study, 
Study 9, is not included) and five mouse study reports or study 
files, and posted in their original format, as a comprehensive 
online data supplement to this manuscript.

Rat carcinogenicity
A total of nine chronic/carcinogenicity studies in the rat, 
including one peer-reviewed published study, were available 
for review. This duplication of large-scale studies in the same 
animal model using the same test substance is not consistent 
with today’s broader appreciation for animal welfare and 
the reduction of unnecessary animal testing. However, these

studies offer the opportunity for a critical discussion of findi ngs 
in individual studies in the context of the larger body of data. 
Wistar and Sprague Dawley were the strains used for the bioas
says in rats. Seven studies were conducted under conditions of 
GLP, and two studies were not under GLP (Study 1, conducted 
before the introduction of GLP; Study 9, non-GLP). Most 
studies in rats were designed as combined chronic toxicity/ 
carcinogenicity studies, with interim sacrifices after 12 months 
of treatment for the assessment of non-neoplastic chronic 
toxicity. Statistical methods are noted in the manuscript tables 
where statistical significance was attained. Statistical differ
ences in neoplasm incidence summary tables are reported in 
the online data supplements. Chronic endpoints and NOAEL 
values are captured in each study summary table; however, the 
following study reviews focus on carcinogenicity.

Study 1 (Monsanto 1981)
An early study into the long-term effects of orally adminis
tered glyphosate in the rat was conducted between 1978 and 
1980 (Monsanto 1981), prior to the adoption of international 
test guidelines and GLP standards (Tables 3-6). Nonetheless, 
the test protocol was broadly compliant with OECD TG 453 
(1981). However, an MTD was not reached and the high dose 
was well below an acceptable dose limit of 1000 mg/kg bw/ 
day. Therefore, this study is rated Klimisch 3 for reliability, 
and is considered inadequate for carcinogenicity evaluation 
from a regulatory perspective.

Groups of 50 male and 50 female Sprague Dawley rats were 
administered glyphosate acid in the diet, at concentrations of 
0, 30, 100 and 300 ppm, for up to least 26 months. The mean 
doses achieved were 0 (control), 3. 10. and 31 mg/kg bw/day 
for the males, and 0 (control), 3,11, and 34 mg/kg bw/day for 
the females. Study results are summarized in Table 3.

In general, the incidences of all neoplasms observed in 
the treated and control animals were similar, or occurred at 
low incidence, such that a treatment-related association could 
not be made. The most common tumors found were common 
spontaneous neoplasms, as reported in the literature relating 
to rat (Johnson and Gad 2008), in the pituitary glands of both 
control and treated animals (Table 4). In the females, mam
mary gland tumors were the next most common neoplasm 
across control and dose groups (see data Supplementary Study 
1 to be found online at http://informahealthcare.eom/doi/abs/l 
0.3109/10408444.2014.1003423).

Table 3. Study 1-26-month feeding study of glyphosate in rats (Monsanto 
1981).

Study owner: Monsanto (1981)
Reliability/Just ideation: 3 Study not performed under GLP. 

High-dose well below MTD. Does not 
conform to modern testins standards.

Substance: Glyphosate (98.7% pure)
Species/Strain: Rat/Sprague Dawley, groups of 50 <3 

and 50 9
Administration route: Diet
Concentration: 0. 30, 100, 300 ppm diet (d  about 0, 3, 

10, 31 mg/kg bw/day; 9 about 0, 3, 11. 
34 mg/kg bw/day)

Duration: 26 months
Findings: £  300 ppm diet: NOAEL (d  +  9) 

No treatment-related effects
Select neoplasms: Pituitary adenoma. Testes interstitial cell
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Table 4. Study 1 -  Pituitary tumor findings.
Dose group (mg/kg bw/day)

Males Females
Tumors 0 3.05 10.3 31.49 0 3.37 11.22 34.02
Pituilarv lumors 
Adenomas - B 
Carcinomas - M 
Combined

16/48 (33) 
3/48 (6) 

19/48 (40)

Number of animals/total number examined (% per group)
19/49 (39) 20/48 (42) 18/47 (38) 34/48 (70) 29/48 (60) 31/50(62) 
2/49(4) 3/48 (6) 1/47 (2) 8/48 (17) 7/48 (14) 5/48 (19) 

21/49 (43) 23/48 (48) 19/47(40) 42/48 (88) 36/48 (75) 36/50(72)

26/49 (53) 
12/49 (24) 
38/49 (78)

B benign, M malignant

The incidence of interstitial cell tumors of the testes in male 
rats in both the scheduled terminal sacrifice animals, as well as 
for all animals, suggested a possible treatment-related finding, 
and was presented along with contemporary historical control 
data for comparison (Tables 5 and 6). It was noted that at 12 
months, the incidence of interstitial tumors was near zero; how
ever. in animals aged 24-29 months at necropsy, the incidence 
increased to approximately 109?.. The historical control data for 
chronic toxicity and carcinogenicity from 5 studies terminated 
at 24—29 months showed background levels of interstitial cell 
tumors comparable to those found at the highest dose in the 
study. Furthermore, the reported incidences in all dose groups 
reflect the normal range of interstitial cell tumors in rat testes, 
reported in the Registry of Industrial Toxicology Animal Data 
(Nolte et al. 2011). The incidence of interstitial cell hyperplasia 
did not provide evidence of a pre-neoplastic lesion. The inves
tigators noted that at terminal sacrifice, the incidence of inter
stitial cell tumor was 15.4% (4/26), while the range in control 
animals from 5 contemporary studies (historical controls) was 
6.2% (4/65) to 27.3% (3/11), with an overall mean value of 9.6% 
(16/166). When all animals on test arc included, the incidence 
for the high-dose males was 12% (6/50), compared to a contem
porary historical control range of 3.4% (4/116) to 6.7%- (5/75), 
with a mean of 4.5% (24/535). The concurrent control incidence 
of interstitial cell tumors (0%) was not representative of the 
normal background incidence noted in contemporary historical 
control data. Therefore, the data suggest that the incidence in 
treated rats is within the normal biological variation observed for 
interstitial cell tumors at this site in this strain of rat. When evalu
ated in the context of the full data set for male rats (Table 20), a 
dose-response is clearly absent for the 25 doses evaluated in rats, 
ranging from 3 to 1290 mg/kg bw/day, which demonstrates that 
this tumor is clearly not a consequence of glyphosate exposure.

In conclusion, glyphosate was not considered carcinogenic 
in Sprague Dawley rats following continuous dietary exposure 
of upto 300 ppm. corresponding to 31 and 34 mg/kg bw/day in 
males and females, respectively, which is consistent with evalu
ations by the US EPA (US EPA 1993), the original Annex 1 list
ing in Europe (EC 2002), and WHO/FAO (WHO/FAO 2004a).

Based on the low doses tested in Study 1, Monsanto was 
obliged to conduct a second chronic/carcinogenicity study in 
rats (Study 2, discussed below) in accordance with OECD TG 
453 (1981), which had been developed and instituted after this 
initial study was conducted.

Study 2 (Monsanto 1990)
In response to evolving regulatory requirements, this study 
was conducted in accordance with the contemporary version 
of OECD TG 453 (Monsanto 1990). The chronic toxicity 
and carcinogenic potential of glyphosate were assessed in a 
24-month feeding study in 50 male and 50 female Sprague 
Dawley rats, dosed with 0, 2000, 8000 and 20 000 ppm (equiv
alent to mean achieved dose levels of 0, 89. 362 and 940 mg/ 
kg bw/day for males and 0, 113, 457 and 1183 mg/kg bw/day 
for females (Table 7). In addition, 10 rats per sex per dose were 
included for interim sacrifice after 12 months. Observations 
covered clinical signs, ophthalmic examinations, body weight, 
food consumption, hematology, clinical chemistry and urinal
ysis, as well as organ weights, necropsy, and histopathological 
examination. This study was rated Klimisch 1 for reliability.

Treatment-related findings in this study were significantly 
reduced body weight in high-dose females, as well as increased 
liver weight in high-dose males and females, and a slight 
increase in incidence of cataract lens changes in high-dose 
males, which was not statistically significant for eye lesions 
confirmed by histopathology (Table 7). The body weight 
changes confirm that the MTD was achieved in the highest 
dose group. Benign thyroid C-cell adenomas were statistically 
higher than controls in the mid-dose terminally sacrificed 
males, but when pooled with unscheduled deaths, no statis
tically significant increase was noted. Benign pancreas islet 
cell adenomas were not statistically higher for the unscheduled 
or scheduled deaths, but when combined, were statistically 
higher than controls in the low and high dose males. In both 
cases, the benign tumors did not exhibit a dose-response, and 
did not progress to carcinomas, and thus the US EPA con
cluded that these tumors were not related to the administration

Table 5. Study 1 - Interstitial cell tumor findings in the testes.

Tumors
Dose (mg/kg bw/day)

0 3.05 10.3 31.49
Interslitial cell tumor -  B Number of animals/total number examined (% per group)

Terminal sacrifice 0/15(0) 2/26(7.7) 1/16 (6.3) 4/26(15.4)
All Animals 0/50 (0) 3/50 (6) 1/50(2) 6/50(12)
Interstitial cell hvoerplasia Number of animals (% per group)
Terminal sacrifice 1/15 (6.7) 1/26 (3.8) 0/16(0) 0/26 (0)
All Animals 1/50 (2) 1/50 (2) 1/50(2) 0/50 (0)

B benign. M malignant
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Table 6. Study 1 -  Summary of the contemporary historical control data for interstitial cell tumors in the testes of 
rats in chronic toxicity studies.

Study 1 Study 2 Study 3 Study 4 Study 5
Number of control animals/total number examined (% per study) Range

Terminal sacrifice 4/65 (6.2) 
All animals 4/116(3.4)

3/11 (27.3) 
5/75 (6.7)

3/26(11.5)
4/113(3.5)

3/24(12.5)
6/113(5.3)

3/40 (7.5) 
5/118(4.2)

6.2-27.3% 
3.4-6.7%

of glyphosate (US EPA 1993). These neoplasms, in addition 
to skin keratoaeanthoma in males, a common rat tumor, were 
selected for further weight of evidence evaluation (Tables 20 
and 21). No evidence of a glyphosate-induced carcinogenic 
effect was noted in either sex (see data Supplementary Study 
2 to be found online at http://informahealthcare.com/doi/abs/ 
10.3109/10408444.2014.1003423).

In conclusion, glyphosate was not carcinogenic in Sprague 
Dawley rats following continuous dietary exposure of up to 
20000 ppm for 24 months, corresponding to 940 and 1183 
mg/kg bw/day in males and females, respectively, which is 
consistent with evaluations by the US EPA (US EPA 1993), 
European Authorities (EC 2002), and WHO/FAO (WHO/ 
FAO 2004a).

Study 3 (Cheminova 1993a)
The chronic toxicity and carcinogenic potential of glyphosate 
technical acid were assessed in a 104-week feeding study in

male and female Sprague Dawley rats (Cheminova 1993a). 
The study was conducted between 1990 and 1992. Groups 
of 50 rats per sex received daily dietary doses of 0. 10, 100, 
300, or 1000 mg/kg bw/day of glyphosate technical acid for 
24 months (Table 8). Five additional groups of 35 rats per sex, 
receiving daily dietary doses of, 0, 10, 100, 300 or 1000 mg/kg 
bw/day, were included for interim sacrifice at the 12th month 
for evaluation of chronic toxicity. The dietary glyphosate 
levels were adjusted weekly to ensure that animals were receiv
ing the intended dose levels at all times. This study was rated 
Klimisch 1 for reliability.

At 1000 mg/kg bw/day, female mean liver weights were 
decreased, while males and females had statistically significant 
reductions in body weight throughout the study, confirming 
that the MTD was achieved (Table 8). Neoplasms were noted 
in control and treated groups, but dose-responses were not 
evident, and no statistically significant increases versus 
controls were noted for any tumor type (/?<0.05). No treat
ment-related neoplastic lesions were observed at termination,

Table 7. Study 2 -  Two-year feeding study of glyphosate in rats (Monsanto 1990).

Study owner:_________
Reliability/Justification:

Substance:
Species/Strain:

Administration route:

____________________________ Monsanto (1990)__________________________
1 Study performed according to GLP and OECD guideline requirements, with no 
deviations.
Glyphosate (96.5% pure)
Rat/Sprague-Dawley. groups of 50 d  and 50 9 (10 rats per sex per dose were 
included for interim sacrifice after 12 months).
Diet

Concentration:

Duration:
Findings:

Select neoplasms:

0, 2000, 8000, 20 000 ppm diet (<J about 0, 89, 362. 940 mg/kg bw/day: 9 about 0, 
113.457. 1183 mg/kg bw/day)
2 years
8000 ppm diet: NOAEL (d + 9)
20 000 ppm diet: cataracts (<3), >  20% reduced cumulative body weight gain 
through months 18-20 (9). 13% increased liver weight (<5). Local efTects: 
inflammation of gastric mucosa
Pancreatic islet cell adenoma, skin keratoaeanthoma (males), thyroid C cell 
adenoma

Tumor
Males
Findings for dead and moribund sacrificed animals 

Pancreas: Islet call adenoma -  B 
Skin: Keratoaeanthoma -  B 
Thyroid: C cell adenoma -  B 
Thyroid: C cell carcinoma -  M 

Findings for animals sacrificed at termination 
Pancreas: Islet call adenoma -  B 
Skin: Keratoaeanthoma -  B 
Thyroid: C cell adenoma -  B 
Thyroid: C cell carcinoma -  M 

Females
Findings for dead and moribund sacrificed animals 

Pancreas: Islet call adenoma -  B 
Thyroid; C cell adenoma -  B 
Thyroid: C cell carcinoma -  M 

Findings for animals sacrificed at termination 
Pancreas: Islet call adenoma -  B 
Thyroid: C cell adenoma -  B 
Thyroid: C cell carcinoma -  M

Dose ( mg/kg bw/day )
0 89 362 940

1/34(3%) 4/28 (14%) 2/33 (6%) 4/32(13%)
0/36 1/31 (3%) 2/33 (6%) 1/32 (3%)
0/36 2/29 (7%) 1/31 (3%) 1/33(3%)
0/36 1/29 (3%) 2/31 (6%) 1/33 (3%)

0/14 4/19(21%) 3/17(6%) 3/17(6%)
0/13 2/19(11%) 2/17(12%) 2/17 (12%)
0/14 2/19(11%) *7/17 (41%) 4/17 (24%)
0/14 0/19 0/17 0/17

0 113 457 1183

3/28(11%) 0/28 3/33 (9%) 0/31
0/28 0/28 1/33(3%) 2/32(6%)
0/28 0/28 1/33(3%) 0/32

2/22 (9%) 1/22 (5%) 1/17(6%) 0/18
2/22 (9%) 2/22 (9%) 5/17 (29%) 4/18 (22%)

0/22 0/22 0/17 0/18

B benign, M  malignant
^Statistically higher than controls (p<0.05. Fisher’s Exact Test with the Bonferrom Inequality).
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Table 8. Study 3 -  Two-year feeding study of glyphosale in rats 
(Cheminova 1993a).

Study owner:
Reliability/
Justification:
Substance:
Spccies/Strain:

Administration route 
Achieved dose:

Duration:
Findings:

Select neoplasms:

Cheminova (1993a)
1 Study performed according to GLP and OECD 
guideline requirements, with no deviations. 
Glyphosale (98.7-98.9% pure) 
Rat/Sprague-Dawley, groups o f 50 S  and 50 9 
(additional groups of 35 <3 and 35 9per dose were 
included for 1-year interim sacrifice)
Diet
(J + 9: 0. 10, 100, 300. 1000 mg/kg bw/day 
(weekly adjustment of dietary concentration for 
the first 13 weeks and 4-weekly thereafter)
2 years
300 mg/kg bw/day: NOAEL (<? +  9)
1000 mg/kg bw/day: body weights f, urinary pH 
1. salivary glands (histopathology, organ weight 
]); evidence of weak liver toxicity (alkaline 
phosphatase f, 9: organ weight f)
No neoplasms from this study were identified for 
further consideration.

and no select neoplasms were identified in this study for further 
consideration (see data Supplementary Study 3 to be found 
online at http://informahealthcare.com/doi/abs/10.3109/10408
444.2014,1003423). Glyphosate was not considered carcino
genic in male and female Sprague Dawley rats following 104 
weeks of continuous dietary exposure of up to 1000 mg/kg 
bw/day, the limit dose, which is consistent with evaluations 
by the European Authorities (EC 2002, Germany Rapporteur 
Member State 2015b) and WHO/FAO (WHO/FAO 2004a).

Study 4 (Feinchemie Schwebda 1996)
A 2~year bioassay in the Wistar rat used dietary glyphosate 
levels of 0, 100, 1000, and 10 000 ppm (Feinchemie 
Schwebda 1996). Groups of 50 rats per sex were fed for 
24 months. The mean achieved dose levels were 0, 7.4,

73.9, and 740.6 mg/kg bw/day (Table 9). This study was 
rated Klimisch I for reliability.

In addition, one vehicle control with ten rats per sex and one 
high dose (10 000 ppm) group with 20 rats per sex were included 
for interim sacrifice after one year of treatment, to study non
neoplastic histopathological changes. The mean achieved dose 
level in the treated group was 764.8 mg/kg bw/day. Observa
tions covered clinical signs, body weight, food consumption, 
hematology, clinical chemistry, and urinalysis, as well as organ 
weights, necropsy, and histopathological examination.

There were no treatment-related deaths or clinical signs in 
any of the dose-groups. Moreover, there were no treatment- 
related effects on body weight gain or food consumption noted. 
This suggests that the MTD may not have been reached by the 
applied dosing regimen.

There was some background variation in the incidences of 
benign tumors (e.g. reduced tumor incidence in low and mid
dose males, increased tumor incidence in middose females), 
which was considered incidental in absence of a dose-response 
relationship (see data Supplementary Study 4 to be found 
online at http://informahealthcare.com/doi/abs/10.3109/1040
8444.2014.1003423).

The different liver tumors observed in the dead and 
moribund sacrificed and terminally sacrificed rats included 
hepatocellular adenoma, intrahepatic bile duct adenomas, 
cholangiocarcinoma, hepatocellular carcinoma, histiocytic 
sarcoma, fibrosarcoma, and lymphosarcoma. Among these, 
hepatocellular adenomas and carcinomas occurred more fre
quently. as often observed in aging rats (Thoolen et al. 2010). 
These tumors appeared to be incidental and not compound- 
related, as their frequency of occurrence was not dependent 
on dose. Hepatocellular adenomas and carcinomas were 
considered select neoplasms (Table 9), based on increased 
incidence above controls for total animals, albeit non-dose

Table 9. Study 4 -  Two-year feeding study of glyphosate in rats (Feinchemie Schwebda 1996).

Study owner: Feinchemie Schwebda {1996)
Reliability/Justification:

Substance:
Specie s/Strain: 
Administration route: 
Concentration;

Duration:
Findings:

Select neoplasms: 
Tumor

1 Study performed according to GLP and OECD guideline requirements, with no 
deviations.

Glyphosate (96.0-96.8% pure)
Rat/Wistar, groups of 50 c5 and 50 9 
Diet
0. 100. 1000, 10 000 ppm diet (<5 about 0, 6.3, 59.4. 595 mg/kg bw/day: 9 about 0. 

8.6. 88.5. 886 mg/kg bw/day)
2 years
10 000 ppm diet: s  NOAEL (<3+ 9 )
Only mild effects on clinical chemistry (liver enzymes), without histopathological 

changes.
Hepatocellular adenoma, hepatocellular carcinoma

Dose (mg/kg bw/day)
Males 0 7.4 73.9 741
Findings for dead and moribund sacrificed animals

Hepatocellular adenoma -  B 9/30(30%) 9/30 (30% ) 6/32(19%) 6/21 (29%)
Hepatocellular carcinoma -  M 12/30 (40% ) 12/30 (40%) 9/32 (28%) 5/21 (24%)
Findings for animals sacrificed al termination
Hepatocellular adenoma -  B 15/20(75%) 13/20(65%) 4/16(25%) 15/20(75%)
Hepatocellular carcinoma -  M 9/20 (45%) 16/20(80%) 9/16(56%) 19/29(66%)

Females 0
Dose (mg/k 

7.4
;g bw/day) 

73.9 741
Findings for dead and moribund sacrificed animals

Hepatocellular adenoma -  B 2/26 (8%) 8/23 (3%) 3/17(18%) 5/29(17%)
Hepatocellular carcinoma -  M 4/26(15%) 4/23 (17%) 2/17 (12%) 5/29(17%)

Findings for animals sacrificed at termination
Hepatocellular adenoma -  B 16/24 (67%) 10/25 (40%) 16/32 (50%) 8/21 (38%)
Hepatocellular carcinoma -  M 6/24 (25%) 11/25 (44%) 12/32 (38%) 4/21 (19%)

B benign. M malignant
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responsive, for adenoma in mid-dose females, carcinoma in 
low- and high-dose males, and carcinoma in low- and mid-dose 
females. These liver neoplasms are considered in the weight of 
evidence evaluation (Tables 20 and 21).

The study report concluded that glyphosate technical acid 
was not carcinogenic in Wistar rats following continuous 
dietary exposure of up to 595 and 886 mg/kg bw/day in males 
and females, respectively, for 24 months, which is consistent 
with evaluations by the European Authorities (EC 2002, Ger
many Rapporteur Member State 2015b).

Study 5 (Excel 1997)
A 2-year feeding study in the Sprague Dawley rats (Excel 
1997) featured dietary concentrations of 0, 3000, 15 000, and 
25 000 ppm glyphosate technical acid. Groups of 50 rats per 
sex were fed for 24 months, and mean dose levels of 0, 150, 
780 and 1290 mg/kg bw/day (males) and 0, 210, 1060 and 
1740 mg/kg bw/day (females) were achieved (Table 10).

In addition. 20 rats/sex/group were included for interim 
sacrifice at week-52, to study non-neoplastic histopathological 
changes with a different high-dose level of 30 000 ppm. The 
dietary doses correspond to 180, 920 and 1920 mg/kg bw/day 
(males) and 240. 1130 and 2540 mg/kg bw/day (females), for 
3000, 15 000 and 30 000 ppm, respectively. Thus, a limit dose 
above 1000 mg/kg bw/day was achieved.

The study report notes that glyphosate technical acid was 
not carcinogenic in Sprague Dawley rats following continuous 
dietary exposure to up to 1290 mg/kg bw/day, and 1740 mg/kg 
bw/day for males and females, respectively, for 24 months. How
ever, this study was rated Klimisch 3 for reliability (Germany 
Rapporteur Member State 2015b), and therefore, is considered 
unreliable for carcinogenicity evaluation based on lower than 
expected background tumor incidences (see data Supplemen
tary Study 5 to be found online at http://informahealthcare.com/ 
doi/abs/10.3109/10408444.2014.1003423). In addition, the test 
substance was not adequately characterized, and several devia
tions from the OECD Test Guideline 453 were noted.

Study 6 (Arysta Life Sciences 1997b)
A combined chronic toxicity/carcinogenicity study in Sprague 
Dawley rats (Arysta Life Sciences 1997b) was conducted 
between December 1994 and December 1996. The rats were 
fed 0, 3000, 10 000, and 30 000 ppm glyphosate for two years 
(equivalent to 0. 104, 354 and 1127 mg/kg bw/day for males 
and 0, 115,393 and 1247 mg/kg bw/day for females (Table 11). 
Thus, a limit dose was achieved, and the MTD was noted at the 
high dose in males and females with decreased body weight, 
increased cecum weight, distention of the cecum, loose stool 
and skin lesions. In addition, 30 rats/sex/group were included 
for interim sacrifice at 26, 52 and 78 weeks, to study non
neoplastic histopathological changes. Observations covered 
clinical signs, body weight, food consumption, hematology, 
clinical chemistry, and urinalysis, as well as organ weights, 
necropsy, and histopathological examination. This study was 
rated Klimisch 1 for reliability.

Non-statistically significant increases versus controls 
ip<  0.05) were noted for pituitary adenomas, skin keratoa- 
canthoma in high-dose males, and mammary gland fibroad
enoma in low and mid-dose females (Table 11). These neo
plasms were considered for the weight of evidence evaluation 
(Tables 20 and 21). and the full tumor summary data are 
available online (see data Supplementary Study 6 to 
be found online at http://informahealthcare.com/doi/abs/ 
10.3109/10408444.2014.1003423). As mentioned under Study 
1, pituitary and mammary tumors are common spontaneous 
neoplasms in aging rats (Johnson and Gad 2008), and skin 
keratoacanthoma is noted as one of the most common sponta
neous benign neoplasms in male Sprague Dawley rats (Chan
dra et al. 1992). The study report concluded that glyphosate 
was not carcinogenic in Sprague Dawley rats following con
tinuous dietary exposure to up to 30 000 ppm for 24 months, 
corresponding to 1127 mg/kg bw/day and 1247 mg/kg bw/day 
for males and females, respectively, which is consistent with 
the recent evaluation in Europe under the Annex I Renewal of 
glyphosate (Germany Rapporteur Member State 2015b).

Table 10. Study 5 -  Two-year feeding study of glyphosate in rats (Exeel 1997).

Study owner: 
Reliability/Justification:

Substance:
Species/Strain:

Administration route: 
Concentration:

Duration:
Findings:

Select neoplasms:

Males

Mortality
Females

Mortality

Excel (1997)
3 Test substance not characterized and other deviations from OECD 453, lower than 

expected background tumor incidence
Glyphosate (no purity reported)
Rat/Sprague-Dawley, groups of 50 d and 50 9. additional groups of 20 rats per sex and 

group were included for interim sacrifice after 52 weeks
Diet
2-year group: 0, 3000, 15 000, 25 000 ppm diet (d about 0, 150, 780, 1290 mg/kg bw/ 

day; 9 about 0, 210. 1060. 1740 mg/kg bw/day)
1 -year group: 0. 3000. 15 000, 30 000 ppm diet (d about 0. 180, 920. 1920 mg/kg hw/

day; 9 about 0, 240. 1130, 2540 mg/kg bw/day)
2 years
a  25 000 ppm diet: NOAEL (d + 9)
Only mild toxic effects, such as clinical chemistry of questionable relevance in aged rats, 

without correlating histopathological organ changes.
No neoplasms from this study were identified for further consideration. Low background 

tumor incidence indicates low study reliability with no relevant increases in the 
incidence of tumors.

Dose (mg/kg bw/day)
0 150 740.6 1290

16/50(32%) 17/50(34%) 18/50(36%,) 23/50(46%)
Dose (mg/kg bw/day)

0 210 1060 1740
19/50(38%) 20/50(40%) 20/50(40%) 25/50(50%)
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Table 11. Study 6-Two-year feeding study of glyphosate in rats (Arysta Life Sciences 1997b).

Study owner: 
Reliability/Justilication: 
Substance: 
Species/Strain: 
Administration route:

Arysta Life Sciences (1997b)
1 Study performed according to GLP and OECD guideline requirements, with no deviations.
Glyphosate (94.6-97.6% pure)
Rat/Sprague-Dawley, groups of 50 <$ and 50 9: satellite groups of 30 6  and 30 9 for interim investigations 
Diet

Concentration: 0, 3000. 10000, 30 000 ppm diet (d about 0. 104, 354. 1127 ntg/kg bw/day: 9 about 0. 115. 393, 1247 mg/kg bw/day)
Duration: 2 years
Findings: 3000 ppm diet: NOAEL (<3+ 9)

10 000 ppm diet: cecum weight!, distension of cecum, loose stool, follicular hyperkeratosis and/or folliculitis/follicular 
abscess of the skin, body weight I

Select neoplasms: Pituitary adenoma, skin keraloacanthoma (males), mammary gland fibroadenoma (females)
Tumor

Males
Findings for dead and moribund sacrificed animals (Table 25-10)

Pituitary anterior adenoma -  B 
Skin keraloacanthoma -  B

Findings for animals sacrificed at termination (after 104 weeks. Table 25-1 
Lung adenoma -  B 
Piluitary anterior adenoma -  B 
Pituitary adenoma in intermediate part -  B 
Skin keraloacanthoma -  B

Tumor
Females

Findings for dead and moribund sacrificed animals 
Pituitary anterior adenoma -  B 
Thyroid follicular adenoma -  B 
Mammary gland fibroadenoma -  B 
Findings for animals sacrificed at termination 
Pituitary anterior adenoma -  B 
Mammary gland fibroadenoma -  B * *

Dose (mg/kg bw/day)
0 104 354 1127

22/32 (69%) 21/30(70%) *14/32(44%) 18/21 (86%)
2/32 (6%) 1/30 (3%) 0/32 1/21 (5%)

0/18 2/20(10%) 1/18(6%) 3/29 (10%)
13/18 (72%) 14/20 (70%) 13/18(72%) 21/29(72%)

0/18 1/20 (5%) 0/18 0/29 (0%)
1/18 (6%) 2/20(10%) 0/18 6/29 (21%)

Dose (mig/kg bw/day)
0 115 393 1247

34/35 (97%) 29/31 (94%) 28/33 (82%) 31/36(86%)
0/35 2/31 (6%) 0/32 0/36

13/35 (37%) 14/31 (45%) 12/34 (35%) 20/36 (56%)

12/15 (80%) 19/19(100%) 12/16(75%) 13/14(93%)
10/15 (67%) 13/19(68%) 12/16(75%) 10/14(71%)

B benign. M  malignant
* Statistically lower than controls {p <0.05).

Study 7 (Syngenta 2001)
The same rat model that was used in the previously discussed 
12-month chronic rat study (Syngenta 1996b) was also 
employed in a 2-year feeding study (Syngenta 2001). A group 
of 52 male and 52 female Wistar rats received 0, 2000, 6000 
or 20 000 ppm via feed (Table 12). The mean achieved dose 
levels were 0. 121, 361 and 1214 mg/kg bw/day for males, 
and 0, 145, 437 and 1498 mg/kg bw/day for females. Thus, 
a limit dose was achieved. In addition, three satellite groups 
with 12 rats per sex each were included for interim sacrifice 
after 12 months of treatment, to investigate potential non
neoplastic histopathological changes. Observations covered 
clinical signs, body weight, food consumption, hematology, 
clinical chemistry, and urinalysis, as well as organ weights, 
necropsy, and histopathological examination. This study was 
rated Klimisch 1 for reliability.

Treatment-related findings in this study were found in the 
liver and kidney, and were confined to animals (predomi
nantly males) fed 20 000 ppm glyphosate acid. There were 
a number of changes in males and females fed 20 000 ppm 
glyphosate acid, notably renal papillary necrosis, prostatitis, 
periodontal inflammation, urinary acidosis, and hematuria, 
which may be attributed to the acidity of the test substance. 
Slight increases in proliferative cholangitis and hepatitis 
were noted in males at 20 000 ppm. Despite the findings at 
20 000 ppm. survival was better in males fed 20 000 ppm 
than in the controls and lower dose groups. This improved 
survival was associated with a decreased severity of renal 
glomerular nephropathy and a 5% reduction in body weight 
(see data Supplementary Study 7 to be found online at http://

informahealthcare.com/doi/abs/10.3109/10408444.2014. 
1003423, for neoplastic and non-neoplastic findings).

A small increase in the incidence of hepatocellular adenoma 
was observed in males fed 20 000 ppm glyphosate acid. While 
not statistically significant using the Fisher’s exact test, the 
difference was statistically significant for total male rats using 
the Peto Test for trend. However, there was no evidence of 
pre-neoplastic foci, no evidence of progression to adenocarci
nomas, and no dose-response. In addition, the incidence was 
within the laboratory’s historical control range for tumors of 
this type in the liver (Table 12). Therefore, the increased inci
dence was considered not to be related to treatment, yet these 
were considered select neoplasms (Table 12) and evaluated in 
context of the complete data set (Tables 20 and 21).

The study report concluded that glyphosate acid was not 
carcinogenic in the Wistar rats following continuous dietary 
exposure to up to 20 000 ppm for 24 months, at 1214 and 
1498 mg/kg bw/day in males and females, respectively, which 
is consistent with the WHO/FAO review (WHO/FAO 2004a) 
and the recent evaluation in Europe under the Annex 1 Renewal 
of glyphosate (Germany Rapporteur Member State 2015b).

Study 8 (Nufarm 2009b)
The most recent study in this series of regulatory studies 
investigating the potential carcinogenicity of glyphosate in 
rats was conducted from September 2005 through March 2008 
(Nufarm 2009b). The study was conducted by feeding dietary 
concentrations of 0, 1500, 5000 and 15 000 ppm glyphosate 
to groups of 51 Wistar rats per sex. To ensure that a received 
limit dose of 1000 mg/kg bw/day overall was achieved, the 
highest dose level was progressively increased to 24 000 ppm.
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Table 12. Study 7 -  Two-year feeding study of glyphosate in rats (Syngenta 2001).

Study owner: Syngenta (2001 )
Rei iability/Justifìcaiion
Substance:
Species/Strain

Administration route: 
Concentration:

Duration:
Findings:

Select neoplasms:

1 Study performed according to GLP and OECD guideline requirements, with no deviations.
Glyphosate (97.6$ pure)
Rat/Wistar Alpk: APt-SD. groups of 52 <5 and 52 9  (additional 12 animals per sex and dose for 

1-year interim sacrifice)
Diet
0, 2000. 6000. 20 000 ppm diet (d about 0. 121. 361. 1214 mg/kg bw/day; 9 about 0. 145, 437, 

1498 mg/kg bw/day)
2 years
6000 ppm diet: NOAEL (d +9)
20 000 ppm diet: Kidney and liver findings. Increased survival due to reduction in CPN, 

prostatitis, periodontal inflammation
Hepatocellular adenoma (males), not a statistically significant increase for the high dose using 

the Fisher's exact test, but statistically significant using Peto trend analysis 
Dose (mg/kg bw/day)

Males 0
Li ver
Hepatocyte fat vacuolation 6
Hepatitis 3
Kidney

Females 0
Liver
Hepatocyte fat vacuolation 7
Hepatitis 6
Tumors:
Males 0
Findings for dead and moribund sacrificed animals

* Hepatocellular adenoma -  B 9/37
Hepatocellular carcinoma -  M 0/37

Findings for animals sacrificed at termination
* Hepatocellular adenoma -  B 9/16
Hepatocellular carcinoma - M 9/16

121 361 1214

7 11 11
4 2 5

Dose (mg/kg 
145

bw/day)
437 1498

5 6 6
5 4 4
Dose (mg/kg 

121
bw/day)
361 1214

2/36 (65? ) 0/35 3/26(129!)
0/36 0/35 0/26

0/17 0/18 2/26 ( 89!)
0/17 0/18 0/26

B benign, M malignant
"■Historical Control Range: 0 -11 .5% total males with hepatocellular adenoma, 26 studies, 1984-2003

Mean dose levels of 86/105, 285/349, and 1077/1382 mg 
glyphosate/kg bw/day (m ale s/fe males) were achieved 
(Table 13). This study was rated Klimisch 1 for reliability.

Non neoplastic findings included transient liver enzyme 
activity for mid-dose males and high-dose males and females, 
and equivocal nephrocalcinosis depositions at the high-dose. 
Histopathology noted a statistically significant increase in

adipose infiltration of the bone marrow in high-dose males 
compared to controls, suggestive of myeloid hypoplasia, which 
may be considered a stress response (Everds et al. 2013).

Skin keratoacanthoma in males and mammary gland 
adenocarcinoma in females (Table 13) were considered 
for evaluation in the context of the weight of evidence for 
rat tumor incidence (Tables 20 and 21), wherein dose-

Table 13. Study 8 -  Two-year feeding study of glyphosate in rats (Nufarm 2009b).

Study owner:
Reliability/Justification:
Substance:
Species/Strain:
Administration route:
Concentration:

Duration:
Findings:

Select neoplasms:

Nufarm (2009a)
1 Study performed according to GLP and OECD guideline requirements, with no deviations 
Glyphosate (95.7$ pure)
Rat/Wistar, groups of 51 <3 and 51 9 
Diet
0, 3000. 10 000, 15 000 ppm diet, the top dose was progressively increased to reach 24 000 ppm diet by Week-40 (<J 

about 0, 84, 285, 1077 mg/kg bw/day: 9 about 0, 105. 349, 1382 mg/kg bw/day)
2 years

1077/1382 mg/kg bw/day: NOAEL (rf/9)
Transient liver enzyme activity for mid-dose males and high-dose males and females; equivocal nephrocalcinosis 

depositions at the high-dose males and females; increased adipose infiltration of the bone marrow in high-dosc males 
Skin keratoacanthoma (males), mammary gland adenocarcinoma

Tumor
Males 0 84

Dose (mg/kg bw/day) 
285 1077

Findings for all animals 
Skin keratoacanthoma -  B 2/51 (49!) 3/51 (6%) 0/51 6/51 (129!)

Females 0 105
Dose (mg/kg bw/day) 
349 1382

Findings for all animals 
Mammary gland adenocarcinoma -  M 2/51 (4%) 3/51 (69!) 1/51 (29!) 6/51 (12%)

B benign. M malignant
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responses were not evident. Tumor incidence summary data 
have been tabulated (see data Supplementary Study 8 to be 
found online at http://informahealthcare.com/doi/abs/10.3109/
10408444.2014.1003423). Microscopic evaluation of tissues 
did not reveal any indications of neoplastic lesions caused 
by glyphosate treatment. The study report concluded that 
glyphosate acid was not carcinogenic in Wistar rats follow
ing continuous dietary exposure to up to 24 000 ppm for 24 
months, at 1077 and 1382 mg/kg bw/day in males and females, 
respectively, which is consistent with the recent evaluation in 
Europe under the Annex I Renewal of glyphosate (Germany 
Rapporteur Member State 2015b).

Study 9 Publication (Chruscielska et al. 2000a)
A two-year combined chronic toxicity and carcinogenicity 
study in Wistar rats was published by academic researchers 
from Warsaw. Poland. The study was conducted as a drinking- 
water study in Wistar-RIZ rats according to OECD TG 453. 
The test material was a 13.85% aqueous formulation of gly
phosate as its ammonium salt (equivalent to 12.6% glyphosate 
acid). However, the ammonium salt of glyphosate tested is not 
commercially available, and the concentration of active ingre
dient suggests that a glyphosate-formulated product was tested; 
this is supported by a concurrent genotoxicity publication by 
the same lead author (Chruscielska et al. 2000b), previously 
reviewed by Kier and Kirkland (Kier and Kirkland 2013), in 
which a glyphosate formulation, Perzocyd, was tested. Defi
ciencies noted with respect to OECD TG 453 include insuf
ficient dosing to elicit toxic effects, inadequate test material 
characterization, no reporting of water/feed consumption, 
body weights and diet composition, and no individual animal 
data. Although the manuscript reporting deficiencies may 
have been included in the study, they were not reported in the 
manuscript, and could warrant a Klimisch reliability score of 
4 (not assignable), but the low doses employed in this study 
justify a Klimisch reliability score of 3.

The test material was administered in water at glyphosate 
salt concentrations of 0, 300, 900, and 2700 mg/L. Each dose 
group consisted of 85 animals per sex. Ten animals per sex and 
dose were sacrificed after 6, 12, and 18 months of exposure, for 
evaluation of general toxicity. The remaining 55 animals per sex 
and dose were scheduled for sacrifice after 2 years of exposure.

Water consumption was claimed to have been measured, but 
these data have not been reported, To estimate the glyphosate 
doses received via drinking water, the assumed default water 
consumptions were 50 and 57 mL/kg bw/day by male and 
female rats, respectively (Gold et al. 1984). Using these stan
dard figures and the glyphosate content of the tested formula
tion (12.6%), daily doses are estimated at 0, 1.9, 5.7, and 17 mg 
of glyphosate/kg bw/day for males and 0. 2.2, 6.5, and 19 mg 
of glyphosate/kg bw/day for females. As this study appears to 
have tested a formulated product, data were not included in the 
weight of evidence review (Tables 20 and 21), but given the 
very low glyphosate doses and reported low tumor incidence, 
these were of no consequence to the overall data review.

Exposure to glyphosate ammonium salt had no effect on 
body weight, appearance and behavior, and hematological 
parameters, which is consistent with glyphosate chronic 
toxicity data regulatory reviews. Even though there seems to 
be a trend towards higher 2-year mortality in treated females

(Table 14), this difference had no statistical significance 
according to the authors. There were sporadic alterations of 
clinical-chemical and urinalysis parameters, but not in a con
sistent fashion over time and without dose-dependence. These 
alterations were not interpreted as treatment-related. There was 
no effect of glyphosate on the incidence of neoplastic lesions 
(Table 14). Thus, the NOAEL for chronic toxicity and carci
nogenicity in this study was greater than or equal to 17 and 19 
mg glyphosate/kg bw/day, in males and females, respectively.

Due to the lack of systemic effects in the highest dose 
group, the MTD was not reached by this study. Judging 
from other rat studies reviewed here, the MTD is likely to 
be greater than 1000 mg/kg bw/day. Thus, the top glyphosate 
dose of an estimated 19 mg/kg bw/day in this study is too low 
to satisfy regulatory validity criteria for a carcinogenicity 
study.

Mouse carcinogenicity
There are a total of five carcinogenicity studies with 
glyphosate in mice, that have been submitted to support 
glyphosate Annex 1 renewal in the European Union. All but 
the oldest study (Study 10) were considered reliable without 
restriction, and were performed under conditions of GLP fol
lowing OECD TGs. Most studies were conducted in the CD-1 
strain. Each study was sponsored by a different manufacturer. 
In each case, technical grade glyphosate was administered 
via diet for at least 18 months. Select neoplasms, mostly 
lymphoreticular, liver and lung, are summarized for all 
mouse chronic studies in Tables 22 and 23. These neoplasms 
are widely recognized as occurring spontaneously in aging 
mice (Gad et al. 2008, Son and Gopinath 2004). Lympho
mas have been recognized for many years as one of the most 
common, if not the most common category of spontaneous 
neoplastic lesions in aging mice (Brayton et al. 2012, Gad 
et al. 2008, Son and Gopinath 2004). The subclassification 
of malignant lymphomas is not a typical diagnostic feature in 
rodent studies, likely due to either expense and/or feasibility. 
It is, however, important to recognize that lymphomas are 
not a single type of neoplasm, rather they are a grouping 
of different neoplasms arising from different pathogeneses, 
and should be considered as different diseases (Bradley et al. 
2012). As is the case for NHL in humans, these different 
immune system neoplasms are clustered together based on 
manifestation in lymphocytes, despite their very different 
etiologies; for example, the most common subset of NHL 
lymphomas clustered together as "diffuse large B cell lym
phomas", have for many years been considered multiple 
clinical-pathologic entities (Armitage 1997), and therefore 
may be considered attributable to different modes of action. 
Chronic endpoints and NOAEL values are captured in each 
study summary table: however, the following study reviews 
focus on carcinogenicity.

Study 10 (Monsanto 1983)
The first chronic-carcinogenicity mouse study with glyphosate 
was conducted between March 1980 and March 1982 
(Monsanto 1983). prior to the institution of GLP (Table 15). 
The study design was essentially in compliance with OECD 
TG 451 for carcinogenicity studies, adopted in 1981, when
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Table 14. Publication, Study 9 -  Two-year drinking water study in rats with 13.859? glyphosate ammonium salt (Chruscielska et al. 2000a).

Authors: Chruscielska et al. (2000a)
Reliability/Justiiication:

Substance:
Species/Strain:

Administration route: 
Concentration:

Duration:
Findings:

Tumors reported for 85 rats/sex/dose:

3 Study not performed according to GLP, but according to OECD TG 453, with the following 
deficiencies:

Reporting deficits (water and feed consumption, body weights, diet composition, individual 
animal data, substance composition, purity, and stability)

Highest dose did not elicit toxicity.
Ammonium salt of glyphosate, 13.859? solution
Rat/Wistar -R1Z outbred. 85 6  and 85 9 per dose group. 10 <3 and 10 9each were sacrificed after 

6, 12. and 18 months of exposure.
Drinking water
0, 300, 900, and 2700 mg/L
Estimated glyphosate intake: <5: 0. 1.9. 5.7. and 17 mg/kg bw/day. 9- 0, 2.2, 6,5, and 19 mg/kg 

bw/day, based on assumed water consumptions of 50/57 mL/kg bw/day (<5/9), (Gold, ct al. 
1984)

2 years
17/19 mg glyphosate/kg bw/day: NOAEL {619)
No treatment-related effects
No increase in the incidence of tumors attributable to glyphosate administration 

Estimated dose (mg/kg bw/day)
0 1.9/2.2 5.7/6.5 17/19

6
Two-year mortality 429?
Lungs

Lymphoma 2
Histiocytoma -
Adenocarcinoma 1
Histiocytoma, malignant -
Spleen, leukemia 0
Kidneys, Fibrous histiocytoma 

Pituitary gland
Adenoma 4
Adenoma, malignant (assumed to be carcinoma) 0
Carcinoma 0

Thyroid
Adenoma 1
Carcinoma 0
Uterus, cervix carcinoma 
Uterus, body, histiocytoma 

Mammary gland 
Fibroma 
Fibroadenoma
Adrenal medulla, adenoma 1
Thymus, lymphoma 0
Testis. Leydigoma -

Subcutaneous tissue
Fibroma 0
Lipoma ~
Cystadcnoma 

Lymph nodes
Lymphoma 0
Lymphoma, malignant
Skin, carcinoma 2
Prostate, adenoma 1

9 6 9 6 9 d 9
38% 429? 45% 54% 53% 44% 60%

- 2 - - 3 1
- - - - - - 1
- - - - - - -
1 - _ - -

- 2 - 0 - -

- - - - - -

10 4 6 2 8 0 3
1 0 3 1 2 1 5
- 0 - 1 - 0 -

1 2 0 0 3 3
- - 0 - 0 -

0 - 0 - 0 - 1
3 - - 0 - 1

0 _ 0 _ n _ 0
3 - 2 - 3 _ 3
2 2

0
3

2 1
0
6

1

2 0
1
1

3

2

- - - - - - 1
1

Û 0 1

the study was already ongoing. Groups of 50 male and female 
CD-I mice received glyphosate at dietary levels of 1000, 
5000, and 30 000 ppm. over a period of nearly two years. The 
mean achieved doses were 157/190. 814/955, and 4841/5874 
mg/kg bw/day in males and females, respectively, exceeding 
the limit dose. Based on this study predating both GLP and 
OECD TG 451, a reliability score of Klimisch 2 has been 
assigned.

In addition to post-mortem pathological examinations 
after terminal sacrifice, hematological investigations were 
performed on 10 mice per sex and dose at months 12 and 18, 
and on 12 male animals/group, as well as all surviving females 
at scheduled termination.

Two non-neoplastic histological changes affecting the liver 
and urinary bladder were assumed to be treatment-related. 
There was a higher incidence of centrilobular hepatocyte

hypertrophy in high-dose males, and a more frequent occur
rence of slight-to-mild bladder epithelial hyperplasia in the 
mid and high dose; however, a dear dose-response was lack
ing. Tumor incidences, which did not significantly increase 
with dose, were mostly bronchiolar-alveolar. hepatocellular, 
or lymphoreticular, all of which are commonly noted spon
taneously occurring tumors in aging mice (Table 15). Lym
phoreticular tumors combined for males and females totaled 
7, 12, 10 and 12 for control, low, mid- and high-dose groups 
respectively, and were not considered as being related to test 
substance.

A more frequent occurrence of slight-to-mild bladder 
epithelial hyperplasia was observed in the mid and high-dose 
groups; however, clear dose-response was lacking (Table 15) 
and no urinary bladder neoplasms were noted at these doses 
(see data Supplementary Study 10 to be found online at http://
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Table 15. Study 10 -  Two-year feeding study with glyphosate in mice (Monsanto 1983).

Study owner: Monsanto ( 1983)
Reli ability/Justi fication 
Substance: 
Species/Strain: 
Administration route: 
Concentration:

Duration:

2 Study was performed prior to institution of GLP and OECD guideline requirements 
Glyphosate (99.79? pure)
Mouse/CD-1. groups of 50 and 50 Ç 
Diet
0, 1000. 5000. 10 000 ppm diet (d about 0. 157. 814. 4841 mg/kg bw/day; 9 about 0. 190, 955. 5874 

mg/kg bw/day)
24 months

Findings: 1000 ppm diet: NOAEL (<J + 9)
5000 ppm diet: body weight 1, histological changes in liver and urinary bladder (slight to mild 

epithelial hyperplasia in males at mid and high doses)
Select neoplasms: Lymphoreticular neoplasms, bronchiolar-alveolar adenocarcinoma

Dose (mg/kg bw/day)
Males 0 157 814 4841

Lymphoreticular system
Lymphoblastic lymphosarcoma with leukemia -  M 1/48 (2%) 4/49(8%) 3/50 (6%) 2/49 (4%)
Lymphoblastic lymphosarcoma without leukemia -  M 0/48 1/49 (29?) 0/50(09!) 0/49
Composite lymphosarcoma -  M 1/48 (29Ï) 0/49 1/50 (2%) 0/49
Histiocytic sarcoma -  M 0/48 1/49 (29?) 0/50 0/49
Total lymphoreticular neoplasms* 2/48 (4% ) 6/49 (12%) 4/50 (8% ) 2/49 (4%)

Females 0
Dose (m 

190
g/kg bw/day) 

955 5873
Lymphoreticular system

Lymphoblastic lymphosarcoma with leukemia -  M 1/50 (2%) 4/48(8%) 5/49 (10%) 1/49(2%)
Lymphoblastic lymphosarcoma without leukemia -  M 0/50 (09?) 1/48 (29?) 0/49 (0%) 3/49 (6%)
Composite lymphosarcoma -  M 4/50(8%) 1/48 (2%) 1/49 (29?) 6/49(12%)
Histiocytic sarcoma -  M 0/50 (09?) 0/48 (09?) 0/49 (0%) 0/49 (0%)
n Total lymphoreticular neoplasms 5/50(10%) 6/48(13%) 6/49(12%) 10/49 (20% )

"Sum of lymphoblastic lymphosarcoma, composite lymphosarcoma, and histiocytic sarcoma. 
M  malignant

informahealthcare.com/doi/abs/10.3109/10408444.2014.100 
3423). Benign renal tubule adenomas were noted in mid- and 
high-dose males at incidences of 1/50 and 3/50 respectively. 
These neoplasms were not observed in females, lacked statisti
cal significance, and were considered spontaneous and unre
lated to glyphosate administration by the study pathologists; 
this neoplasm, while not seen in the concurrent control group, 
had previously been noted in control male CD-I mice of com
parable age by the author of the study. As an additional measure 
of diligence, a Pathology Working Group was convened, and it 
concluded that the absence of any pre-neoplastic kidney lesion 
in all male animals provided sufficient evidence that this find
ing was spurious and not related to glyphosate administration. 
This is reflected in the US EPA review of glyphosate (US EPA 
1993). This neoplasm was not observed in the other four mouse 
carcinogenicity studies discussed.

The author of the study also reported a trend towards a non
statistically significant increased occurrence of lymphore
ticular neoplasia in treated female mice (Table 15). However, 
these consisted of three different categories of lymphoreticu
lar neoplasms. Regulatory reviews confirmed that there is no 
apparent dose-dependence for these endpoints (EC 2002, US 
EPA 1993, WHO/FAO 2004a). Summary tables of incidence 
of neoplastic findings are available (see data Supplementary 
Study 10 to be found online at http://informahealthcare.com/ 
doi/abs/10.3109/10408444.2014.1003423).

Glyphosate was reported as not carcinogenic in CD-I mice 
up to doses well in excess of the limit dose for carcinogenicity 
testing, which is consistent with evaluations by the US EPA 
(US EPA 1993), European Commission (EC 2002), recent 
EU Annex I Renewal evaluation by the Rapporteur (Germany 
Rapporteur Member State 2015b), and WHO/FAO (WHO/ 
FAO 2004a).

Study 11 (Cheminova 1993b)
Another carcinogenicity bioassay in mice was conducted 
between December 1989 and December 1991 (Table 16) 
(Cheminova 1993b). In this assay, 50 male and 50 female 
CD-I mice per dose group received glyphosate via their diet 
over a period of approximately two years. This treatment 
period is 6 months longer than the 18 months stipulated for 
mice by OECD TG 451 (1981 version). The dietary levels 
were adjusted regularly to achieve constant dose levels of 0, 
100. 300 and 1000 mg/kg bw/day, achieving the limit dose. 
This study was rated Klimisch 1 for reliability.

Slight non-statistically significant increases in bronchio
lar-alveolar adenomas were noted for all male dose groups 
above controls in a non-dose-responsive manner. Bronchi
olar-alveolar neoplasms are evaluated in the context of the 
full data set (Tables 22 and 23). demonstrating a lack of 
dose-response across doses ranging from approximately 15 
mg/kg bw/day to 5000 mg/kg bw/day. Although the number 
of pituitary adenomas were low and considered incidental, 
they were conservatively included in the select neoplasms, 
based on being slightly higher in high dose females than 
concurrent controls (Table 16). The data summary of all 
histological findings, including tumor incidence, is avail
able (see data Supplementary Study 11 to be found online 
at http://informahealthcare.eom/doi/abs/l0.3109/10408444.
2014.1003423).

There were no statistically significant increases in the occur
rence of any tumor type in this study. The observed variations 
did not show a dose relationship, and were within the range of 
historical control data. Glyphosate was determined to be not 
carcinogenic to CD-1 mice at up to 1000 mg/kg bw/day. which 
is consistent with evaluations by the European Commission 
(EC 2002) and WHO/FAO (WHO/FAO 2004a).
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Table 16. Study 11 -  Two-year feeding study with glyphosate in mice (Cheminova 1993b).

Study owner: Cheminova (1993b)
Reliability/.! ustification: 
Substance:
S pec ies/S train: 
Administration route: 
Concentration:

Duration:
Findings:

1 Study performed according to GLP and OECD guideline requirements 
Glyphosate (98.6% pure)
Mouse/CD-L groups of 50 <3 and 50 9 
Diet
<3 + 9; 0. 100, 300, 1000 mg/kg bw/day (regular adjustment of dietary 

concentration)
24 months
>  1000 mg/kg bw/day: NOAEL (<J + 9) 
no treatment-related effects

Select neoplasms: Bronchiolar-alveolar adenoma, bronchiolar-alveolar carcinoma, pituitary adenoma 
(females)

Dose (mg/kg bw/day)
Males

Bronchiolar-alveolar adenoma -  B 
Bronchiolar-alveolar carcinoma -  M

0 10 300 1000
9/50(18%) 15/50(30%) 11/50(22%) 13/50(26%) 

10/50(20%) 7/50(14%) 8/50(16%) 9/50(18%)
Dose (mg/kg bw/day)

Females
Bronchiolar-alveolar adenoma B 
Bronchiolar-alveolar carcinoma -  M 
Pituitary adenoma -  B

0
7/50(14%) 
3/50 (6%) 
1/41 (2%)

100
3/50 (6%) 
2/50 (4%) 
0/32

300
3/50 (6%) 
1/50(2%) 
0/23

1000
6/50(12%) 
5/50(10%) 
3/43 (6%)

B benign. M malignant

Study 12 (Arysta Life Sciences 1997a)
An 18-month feeding study in ICR-CD-1 mice, conducted 
between February 1995 and September 1996, investigated 
higher doses by admixing 1600, 8000, or 40 000 ppm gly
phosate into the diet fed to groups of 50 male and 50 female 
mice per dose (Arysta Life Sciences 1997a). The calculated 
test substance intake was 165/153, 838/787, and 4348/4116 
mg/kg bw/day (males/females, Table 17), exceeding the limit 
dose. This study was rated Klimisch 1 for reliability.

Histopathological examinations did not show statistically 
significant increases for any type of neoplastic lesion in all 
treatment groups of both sexes (see data Supplementary 
Study 12 tobe found online at http://informahealthcare.com/ 
doi/abs/10.3109/10408444.2014.1003423). Select neo
plasms evaluated across the data set with some non

statistically significant increases above concurrent controls 
included lymphoma and lung tumors, all of which lacked 
a clear dose-response. Glyphosate was considered not car
cinogenic in CD-I mice up to doses well in excess of the 
limit dose for carcinogenicity testing, which is consistent 
with the recent evaluation in Europe under the Annex I 
Renewal of glyphosate (Germany Rapporteur Member 
State 2015b).

Study 13 (Feinchemie Schwebda 2001)
An 18-month feeding study in Swiss albino mice (Feinchemie 
Schwebda 2001), conducted between December 1997 and June 
1999, featured treatment groups, each with 50 animals per sex, 
receiving 100, 1000, and 10000 ppm technical grade glyphosate

Table 17. Study 12 -  Two-year feeding study with glyphosate in mice (Arysta Life Sciences 1997a).

Study owner:
Reliability/
Justification:
Substance:
Speeies/Strain
Administration route:
Concentration:

Duration:
Findings:

Select neoplasms: 

Males
Lung adenoma -  B 
Lung adenocarcinoma 
Lymphoma -  M

Females
Lung adenoma -  B 
Lung adenocarcinoma 
Lymphoma -  M

Arysta Life Sciences (1997b)
I Study performed according to GLP and OECD guideline requirements, with no 

deviations.
Glyphosate (94.6-97.6%. pure)
Mouse/CD-1. groups of 50 d  and 50 9 
Diet
0. 1600, 80(X), or 40 ()()() ppm diet (d about 0. 165, 838,4348 mg/kg bw/day; 9 about 0, 

153, 787,4116 mg/kg bw/day)
18 months
8000/1600 ppm diet: NOAEL (<3/9)
8000 ppm diet (9): retarded growth
40 000 ppm diet: pale-colored skin d, loose stool, retarded growth, reduced food 

consumption and food efficiency, cecum distension and increased absolute and 
relative cecum weight, without histopathological findings of increased incidence of 
anal prolapse, consistent with histopathological erosion/ulcer of the anus 

Lung adenoma, lung adenocarcinoma, lymphoma
Dose (mg/kg bw/day)

0 165 838 4348
8/50(16%) 14/50 (28%) 13/50(26%) 11/50(11%)

M 1/50(2%) 1/50 (2%) 6/50(12%) 4/50 (8%)
2/50(4%) 2/50 (4% ) 0/50 

Dose (mg/kg bw/day)
6/50(12%)

0 153 787 4116
8/50 ( 16%) 5/50(10%) 12/50 (24%) 5/50(10%)

M 1/50(2%) 2/50 (4%) 3/50(6%) 1/50 (2%)
6/50(12%) 4/50 (8%) 8/50(16%) 7/50 ( 14%)

B benign. M malignant
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Table 18. Study 13-18-Month feeding study with glyphosate in mice (Feinchemie Schwebda 2001).

Study owner:
Reliability/Justification

Substance: 
Species/Strain 
Administration route: 
Concentration: 
Duration:
Findings:

Select neoplasms:

Feinchemie Schwebda (2001)
2 Study performed according to GLP and OECD guideline requirements, with no deviations, but possible viral 

infection may have confounded interpretation of results 
Glyphosate (>  95%. pure)
Mouse/Swiss albino, groups of 50 <? and 50 9 
Diet
0. 100. l(XX). 10 000 ppm diet (cj about 0. 14.5. 150. 1454 mg/kg bw/day; 9 about 0. 15.0. 151. 1467 nig/kg bw/day) 
18 months
1000 ppm diet: NOAEL (¿ 4  9)
10 000 ppm diet (c5+9): increased mortality 
Bronchiolar/alveolar adenoma, lymphoma

Historical controls

»11/50-27/50

26.7% (0-44] 

14.9% (8-24|

Males 
Mortality

Findings for dead and moribund sacrificed animals 
Lymphoma -  M *20/75

Findings in animals sacrificed at termination 
Lymphoma -  M 26/175

Total animals
Lymphoma -  M 46/250 18.4% [6-30]

Historical controls

Females
Mortality 12/50-20/50

Findings for dead and moribund sacrificed animals
Bronchiolar/alveolar 

adenoma -  B
Lymphoma -  M 49/77
Findings in animals sacrificed 

at termination
Bronchiolar/alveolar adenoma 

-B
Lymphoma -  M 50/175
Total animals
Bronchiolar/alveolar adenoma 

-B
Lymphoma -  M 99/250

0

f 22/50 (6) ,

9/22 (41.0%) 

1/28(3.6%) 

10/50(20.0%)

Dose (mg/kg bw/day)
14.5 

20/50 (6) 

*12/20 (60.0%) 

3/30(10.0%)

150

22/50 (8) 

*13/22 (59.0%) 

3/28 (10.7%)

15/50(30.0%) 16/50(32.0%)
Dose (mg/kg bw/day)

1454 

27/50 (8) 

13/27 (48.0%) 

*6/23 (26.1%) 

*19/50(38.0%)

63.6% [0-100]

28.9% [2043]

39.6% [1458]

0 15.0 151 1467

16/50 (7) 16/50(7) 20/50 (2) 20/50 (3)

0/16 0/16 1/20(5%) 2/20(10% )

9/16(56.0% ) 10/16(63.0%) 13/20(65.0%) 12/20(60.0%)

1/34(3%) 0/0 1/1 (100%) 1/30(3%)

9/34 (26.5%) 10/30 (29.4%) 6/30 (20.0%) *13/28 (43.3%)

1/50 (2%) 0/16 2/21 (10%) 3/50 (6%)

18/50(36.0%) 20/50 (40.0%) 19/50(38.0%) *25/50(50.0%)

ssing the study summarized here.

2015a). W hether or not a viral com ponent (T addesse-H eath

B benign, M malignant.
5Nine studies, performed by the same laboratory in the timeframe encom 
+(Number of animals killed in extremis).
*F'ive studies, conducted in the same laboratory between 1996 and 1999. 
*Statistically higher than concurrent controls (p <  0.05).

in the diet. Control mice received a plain diet. The calculated 
test substance intake was 14.5/15.0, 150/151, 1454/1467 mg/ 
kg bw/day (males/females, Table 18), exceeding the limit dose, 
as reflected in elevated mortality in the high dose groups. This 
study was rated Klimisch 2 for reliability, based on speculation 
of a viral infection within the colony, discussed below.

Based on the slightly higher mortality and lower survival rates 
in the high dose groups, the NOAEL was considered 1 (KM) ppm 
(151 mg/kg bw/day). There were no treatment-related effects on 
clinical signs, behavior, eyes, body weight, body weight gain, 
food consumption, and differential white blood cell counts in 
both sexes. Gross pathology, organ weight data, and histopatho- 
logical examination demonstrated no treatment-related effects. 
An increase in the number of malignant lymphomas, the most 
common spontaneously occurring tumor category in the mouse, 
was statistically significant in the high-dose groups compared 
to controls (Table 18). The Germany Rapporteur Member State 
concluded that the malignant lymphoma increase in high-dose 
males was inconclusive but unrelated to treatment in the context 
of similar higher dosed studies (Germany Rapporteur Member 
State 2015b), and considered this endpoint irrelevant to carci
nogenic risk in humans (Germany Rapporteur Member State

et al. 2000) may have contributed to this endpoint, the finding 
was considered incidental background variation based on histori
cal control data, and in agreement with the study director. As in 
Study 11, bronchiolar-alveolar adenoma was also considered a 
select neoplasm for evaluation in the broader data set (Tables 22 
and 23), and as previously discussed, demonstrates a lack of dose- 
response across doses ranging from approximately 15 mg/kg bw/ 
day to 5000 mg/kg bw/day. Summary tables of all histopatho- 
logical neoplastic findings are available (see data Supplementary 
Study 13 to be found online at http://informahealthcare.com/doi/ 
abs/10.3109/10408444.2014.1003423).

Technical grade glyphosate was reported as not carcinogenic 
in Swiss albino mice, following continuous dietary exposure 
of up to 1460 mg/kg bw/day (average for both sexes) for 
18 months. The NOAEL for general chronic toxicity was 
151 mg/kg bw/day for both sexes combined.

Study 14 (Nufarm 2009a)
The most recent mouse carcinogenicity assay was conducted 
between October 2005 and November 2007 (Nufarm 2009a).
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Table 19. Study 14-1 K-Munlh feeding study with glyphosale in mice (Nufarm 2009a).

Study owner: Nufarm (2009b)
Reliability/Justification: 
Substance: 
Species/Strain: 
Administration route: 
Concentration:

Duration:

1 Study performed according to GLP and OECD guideline requirements, with no deviations 
Glyphosate (94.6-97.6% pure) 
mouse/CD-1. groups of 51 d and 51 9 
Diet
0. 500. 1500. and 5000 ppm diet (<J about 0. 0. 71.4, 234, 810 mg/kg bw/day; 9 about 0. 97.9.

300. 1081 mg/kg bw/day)
18 months

Findings: a  5000 ppm diet: NOAEL (d/9) 
No treatment-related effects

Select neoplasms: Bronchiolar-alveolar adenoma, Bronchiolar-alveolar adenocarcinoma, hepatocellular adenoma
(males), hepatocellular carcinoma (males), lymphoma, pituitary adenoma (females)

Dose (mg/kg bw/day )
Males 0 157 814 4841
Bronchiolar-alveolar adenoma -  B 9/51 (18%) 7/51 (14%) 9/51 (18%) 4/51 (8%)
Bronchiolar-alveolar adenocarcinoma -  M 5/51 (10%) 5/51 (10%) 7/51 (14%) 11/51 (22%)
Hepatocellular adenoma -  B 1/51 (2%) 1/51 (2%) 4/51 (8%) 2/51 (4%)
Hepatocellular carcinoma -  M 6/51 (12%) 11/51 (22%) 7/51 (14%) 4/51 (8%)
Lymphoma -  M 0/51 1/50 (2%) 2/51 (4%) 5/51 (10%)

Dose (mg/kg bw/day)
Females 0 190 955 5873
Bronchiolar-alveolar adenoma -  B 2/51 (4%) 4/51 (8%) 2/51 (4%) 2/51 (4%)
Bronchiolar-alveolar adenocarcinoma -  M 5/51 (10%) 2/51 (4%) 2/51 (4%) 3/51 (6%)
Lymphoma -  M 11/51 (22%) 8/51 (16) 10/51 (20%) 11/51 (22%)
Pituitary adenoma -  B 0/51 1/50 (2%) 0/51 2/51 (4%)

B benign, M malignant

Groups of 51 CD-1 mice per sex received daily dietary doses 
of 0. 500, 1500, and 5000 ppm technical grade glyphosate 
(equivalent to an average intake of 85, 267 and 946 mg/kg 
bw/day. Table 19). The MTD was apparently not reached in 
the high-dose group, which is more indicative of low general 
toxicity of the test substance rather than a flaw in the study 
design. The NOAEL for chronic toxicity was 810 mg/kg bw/ 
day for male mice and 1081 mg/kg bw/day for female mice, 
the highest dosage tested. Despite not quite achieving a limit 
dose in males, this study was arguably rated Klimisch 1 for 
reliability.

Several increases in common spontaneous mouse neo
plasms in male mice were noted. Non dose-response increases 
were noted for hepatocellular adenoma and carcinoma in 
males, and dose-responses were noted for bronchiolar-alveolar 
adenocarcinoma and malignant lymphoma in males, but not 
females. Pituitary adenoma incidences were low. and considered 
incidental in low and high-dose females, although they were 
slightly higher than controls (Table 19). These neoplasms 
were all evaluated in context of the broader data set (Tables 
22 and 23). The summary of neoplastic findings is avail
able (see data Supplementary Study 14 to be found online at 
http://informahealthcare.com/doi/abs/10.3109/10408444.
2014.1003423).

Glyphosate was considered not carcinogenic in the CD-I 
mice, following continuous average dietary exposure for 
males and females, to quantities up to 945.6 mg/kg bw/day for 
18 months, which is consistent with the recent evaluation in 
Europe under the Annex 1 Renewal of glyphosate (Germany 
Rapporteur Member State 2015b).

Discussion
An extraordinarily large volume of animal data has been 
compiled to evaluate the carcinogenic potential of glyphosate.

The expected normal biological variability for spontaneous 
tumor formation is reflected across this extensive data set 
(Tables 20-23). However, no specific neoplasm stands out 
as a consequence of glyphosate exposures. While some indi
vidual studies may note an increase in a specific neoplasm at 
the high dose, the pooled data fail to identify any consistent 
pattern of neoplasm formation, demonstrating that the effect 
is not reproducible and not treatment-related. The lack of a 
dose-response across the several orders of magnitude suggests 
that no individual tumor of single etiology is attributable to 
glyphosate administration.

Glyphosate has undergone repeated and extensive review 
by the United States Environmental Protection Agency (US 
EPA 1993), the European Union (EC 2002, Germany Rappor
teur Member State 2015b) and the World Health Organiza- 
tion/Food and Agriculture Organization of the United Nations 
(WHO/FAO 2004b, WHO/FAO 2004a). With regard to poten
tial carcinogenic effects of glyphosate, the unanimous out
come of these reviews has been that the data provide sufficient 
evidence to conclude that glyphosate should not be considered 
a carcinogen. Genotoxicity studies with glyphosate, conducted 
under conditions stipulated by internationally accepted testing 
guidelines and GLP, as reviewed in 2000 (Williams et al. 2000) 
and recently updated (Kier and Kirkland 2013), indicate that 
glyphosate clearly does not exhibit the properties of a DNA- 
reactive genotoxic carcinogen. This lack of mutagenicity rules 
out an important concern for carcinogenicity.

Mink et al. published a review of the available epidemio
logical studies that investigated possible associations between 
glyphosate and cancer diagnosed in humans (Mink et al. 2012). 
No evidence was found for a statistically significant positive 
association between cancer and exposure to glyphosate. While 
one Agricultural Health Study (AHS) publication mentions a 
“suggested association” between glyphosate use and multiple 
myeloma (De Roos et al. 2005), a later summary of AHS
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Table 20. Summary of select neoplasms in male rais (Studies 1-8).

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)
Controls -  0

Select neoplasm [7c range for studies] a3 d7.4 “10 c10 “31 d73.9 h86 b89 c 100 '104 *121
Pancreas islet cell adenoma 20/397 [0-141 5/49 0/30 2/50 1/24 2/50 0/32 1/51 8/57 2/17 1/75 2/64
Pituitary adenoma 153/398 [6-57] 19/49 4/30 20/48 12/24 18/47 3/31 11/51 32/58 8/19 41/75 17/63
Pituitary carcinoma 4/98 [2-6| 2/49 NF 3/48 1/24 1/47 NF NF NK 0/19 NF NF
Testes interstitial cell (Leydig) 14/447 10-81 3/50 0/37 1/50 1/25 6/50 2/32 3/51 0/60 0/19 2/75 2/63
Thyroid C cell adenoma 35/391 [4-18] 1/49 0/26 0/49 1/21 2/49 1/29 *1/51 5/58 1/17 10/74 *1/63
Hepatocellular adenoma 30/351 (0-48] NF 22/50 NF 1/50 NF 10/48 2/51 2/60 1/49 0/75 2/64
Hepatocellular carcinoma 22/384 10-42] 0/50 28/50 1/50 1/50 2/50 18/48 0/51 2/60 1/49 1/75 NF
Benign keratoacanthoma (skin) 8/250 [2-5] NF NF NF NF NF NF 3/51 3/60 NF 3/75 0/64

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)
Select neoplasm '150 h285 ‘300 r354 *361 b362 d740.6 c780 b940 '1000 h 1077 '1127 *1214 '1290
Pancreas islet cell adenoma NF 2/51 2/21 1/80 0/64 5/60 1/49 NF 7/59 1/49 1/51 1/78 1/64 NF
Pituitary adenoma NF 10/51 7/21 33/80 18/64 34/58 5/49 NF 32/59 17/50 20/51 42/78 19/63 NF
Pituitary carcinoma NF NF 1/21 NF NF NF NF NF NF 0/50 NF NF NF NF
Testes interstitial cell (Leydig) 1/49 1/51 0/21 0/80 2/63 3/60 3/50 2/49 2/60 2/50 1/51 2/78 2/64 0/47
Thyroid C cell adenoma NF *0/51 2/21 5/79 *1/6.3 8/58 1/50 NF 7/60 8/49 *3/51 6/78 *0/64 NF
Hepatocellular adenoma NF 0/51 2/50 2/80 0/64 3/60 21/50 NF 8/60 2/50 1/51 1/78 5/64 NF
Hepatocellular carcinoma 1/49 0/51 0/50 2/80 NF 1/60 24/50 0/49 2/60 0/50 0/51 1/78 NF 0/47
Benign keratoacanthoma (skin) NF 0/51 NF 0/80 1/64 4/60 NF NF 5/59 NF 6/51 7/78 1/63 NF

“Study 1 (Monsanto) (CD) SD rats, rated unreliable for carcinogenicity evaluation. 
bStudy 2 (Monsanto) (CD) SD rats, including interim sacrifice groups.
‘Study 3 (Cheminova) SD rats.
dStudy 4 (Feinchemic Schwebda) Wistar rats.
‘Study 5 (Excel) SD rats, rated unreliable for carcinogenicity evaluation 
'Study 6 (Arysta Life Sciences) Crj:CD SD rats, including interim sacrifice groups. 
" Study 7 (Syngenta) AlplcAPjSD Wistar rats, including interim sacrifice groups. 
h Study 8 (Nufarm) Wistar Han Crl:WI rats.
#Recorded as parafollicular adenoma.
NF  not found/not reported

Tabic 21. Summary of select neoplasms in female rats (Studies 1-8). * *

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)
Controls -  0

Select neoplasm [7c range for studies! “3 d7.4 '10 “11 “34 d73.9 '100 "105 bl 13 '115 *145
Pancreas islet cell adenoma 11/397 10-91 1/50 0/23 2/27 1/50 0/49 0/16 2/29 0/51 1/60 2/79 0/63
Pituitary adenoma 246/397 114-78] 29/48 13/33 19/28 31/50 26/49 7/23 19/29 23/51 48/60 54/79 44/63
Pituitary carcinoma 16/155 [2-17] 7/48 NF 5/28 5/50 12/49 NF 5/28 NF 0/60 NF NF
Thyroid C cell adenoma 25/302 [3% -  16% ] 3/49 0/24 1/27 6/50 3/47 1/17 1/29 * 1/51 2/60 7/78 *0/63
Hepatocellular adenoma 22/302 10-36] NF 18/48 1/50 NF NF 19/49 3/50 0/51 2/60 1/79 0/64
Hepatocellular carcinoma 14/210 [0-201 0/50 15/48 0/50 0/50 2/50 14/49 0/50 0/51 0/60 NF NF
Mammary gland 

fibroadenoma
113/38416-581 16/46 NF 12/28 20/48 16/44 NF 17/29 9/51 *24/54 30/79 4/63

Mammary gland 40/334(2-22] 6/46 0/30 NF 5/48 8/44 0/33 NF 3/51 10/54 8/79 0/63
adenocarcinoma

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)
Select neoplasm '210 '300 b349 f393 *437 b457 J740.6 '1000 '1060 bl 183 r1247 *'1382 *1498 '1740
Pancreas islet cell adenoma NF 2/29 0/51 1/78 1/64 4/60 1/49 1/49 NF 0/59 1/78 0/51 0/64 NF
Pituitary adenoma NF 25/30 16/51 47/77 46/63 46/60 6/50 34/49 NF 34/59 52/78 32/51 49/64 NF
Pituitary carcinoma NF 2/30 NF NF NF 0/60 NF 7/49 NF 1/59 NF NF NF NF
Thyroid C cell adenoma NF 2/29 *1/50 8/76 »0/64 6/60 1/47 7/49 NF 6/60 4/78 *0/51 *2/64 NF
Hepatocellular adenoma NF 1/50 1/51 0/78 1/64 6/60 13/50 2/50 NF 1/60 0/78 1/51 0/64 NF
Hepatocellular carcinoma NF 0/50 1/51 NF NF 1/60 9/50 0/50 NF 2/60 NF 0/51 NF NF
Mammary gland 

fibroadenoma
1/22 19/30 7/51 27/77 6/64 *27/59 NF 29/50 5/22 *28/57 30/78 5/51 5/64 5/50

Mammary gland 0/22 NF 1/51 11/77 0/64 14/59 0/48 NF 0/22 '9/57 8/78 6/51 2/64 0/50
adenocarcinoma

;iStudy 1 (Monsanto) (CD) SD rats, rated unreliable for carcinogenicity evaluation. 
bStudy 2 (Monsanto) (CD) SD rats, including interim sacrifice groups,
‘Study 3 (Cheminova) SD rats.
dStudy 4 (Feinchemic Schwebda) Wistar rats.
‘Study 5 (Excel) SD rats, rated unreliable for carcinogenicity evaluation.
*Study 6 (Arysta Life Sciences) CrjiCD SD rats, including interim sacrifice groups, 
"Study 7 (Syngenta) Alpk:AF,SD Wistar rats, including interim sacrifice groups. 
hStudy 8 (Nufarm) Wistar Han Cri: WI rats. 
sRecordcd as adenoma/adenofibroma/fibroma.
Recorded as carcinoma/adenoearcinoma,

NF  not found/not reported.

RM 000047



204 H. G reim et ai. Cru Rev T omcoI. 2015: 45(3): 185-208

Table 22. Summary of select neoplasms in male mice (Studies 10-14).

Select neoplasm

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)
Controls -  0 

[% range for studies] d14.5 c85 b100 d 150 "157 c 165 c267
Bronchiolar-alveolar adenoma 31/249 [10-18| 2/22 «7/51 15/50 0/22 9/50 «14/50 «9/51
Bronchiolar-alveolar adenocarcinoma 10/149 [2-10] NF «5/51 NF NF 3/50 «1/50 «7/51
Bronchiolar-alveolar carcinoma 10/100 [0-201 0/22 NF 7/50 0/22 NF NF NF
Hepatocellular adenoma 27/250 [0-28) 5/25 1/51 12/50 3/28 0/50 15/50 4/51
Hepatocellular carcinoma 15/250 [0-16] 0/25 11/51 5/50 0/28 0/50 1/50 7/51
Malignant lymphoma 16/205 [0-100] 15/50 1/51 2/4 16/50 *5/50 2/50 2/51
Myeloid leukemia 3/101 [ 0—6 1 1/50 1/51 NF 1/50 NF NF 0/51

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)
Select neoplasm b300 a8 14 c838 c946 »1000 d 1454 c4348 a4841
Bronchiolar-alveolar adenoma 11/50 9/50 «13/50 «4/51 13/50 1/50 «11/50 9/50
Bronchiolar-alveolar adenocarcinoma NF 2/50 «6/50 «11/51 NF NF «4/50 1/50
Bronchiolar-alveolar carcinoma 8/50 NF NF NF 9/50 1/50 NF NF
Hepatocellular adenoma 1 1/50 1/50 15/50 2/51 9/50 3/50 7/50 0/50
Hepatocellular carcinoma 6/50 0/50 3/50 4/51 7/50 2/50 1/50 2/50
Malignant lymphoma 1/1 *4/50 0/50 5/51 6/8 19/50 6/50 *2/50
Myeloid leukemia NF NF NF 0/51 NF 1/50 NF NF

aStudy 10 (Monsanto) CD-I mice.
bStudy 11 (Cheminova) CD-1 mice.
cStudy 12 (Arysta Life Science) C D -1 mice.
dStudy 13 (Feinchemic Schwebda) Swiss albino mice.
eStudy 14 (Nufarm) CD-I mice.
^Recorded as lung rather than bronchiolar-alveolar.
^Recorded as sum of malignant lyrriphoblastic lymphosarcoma with leukemia, lymphoblastic lymphosarcoma without leukemia and composite

lymphosarcoma.
sRecorded as lymphoblastic lymphosarcoma with leukemia.
NF  not found/not reported.

results note that there were no associations between glyphosate 2013) cites another epidemiology study claiming ani associa-
use and a number of cancers, including lymphohematopoietic tion between glyphosate use and NHL (Eriksson et al. 2008),
cancers, leukemia, NHL, and multiple myeloma (Weichenthal but this research is strongly criticized in the recent Reevalu-
et al. 2010). A subsequent reanalysis of AHS data obtained ation Assessment Report for ;glyphosate Annex I Renewal
under the Freedom of Information Act notes no suggestion of in Europe (Germany Rapporteur Member State 2015b),
an association between glyphosate use and multiple myeloma. highlighting potential referral bias, selection bias, uncon-
with a relative risk of 1.1 and 95% and a confidence interval of trolled confounding, limited data usage contrary to claims of
0.5-2.9 (Sorahan 2012). A recent review paper (Alavanja et al. including all new cases (living cases only, rather than living

Table 23. Summary of select neoplasms in female mice (Studies 10-14).

Tumor incidence/number of animals examined, by dose (mg/kg bw/day)

Controls -  0
Select neoplasm \% range for studiesl J15.0 -85 "100 d 151 c 153 "190 e267
Bronchiolar-alveolar adenoma 28/250 [2-20] 0/16 «4/51 3/49 2/21 «5/50 9/50 «2/51
Bronchiolar-alveolar adenocarcinoma 2/99 [2[ NF «2/51 NF NF «2/50 3/50 «2/51
Bronchiolar-alveolar carcinoma 9/151 [2-101 0/16 NF 2/49 0/20 NF NF NF
Malignant lymphoma 54/215 [10-1001 20/50 8/51 12/15 19/50 4/50 "6/50 10/51
Myeloid leukemia 2/156 [0-11 1/50 0/51 NF 2/50 0/50 NF 1/51
Pituitary adenoma 1/232 10-21 0/16 1/51 0/32 0/17 1/50 0/21 0/51

Tumor incidence/number of animals examined, by dose (mg/kg bw/day)
Select neoplasm b300 c787 '946 "955 b1000 d1467 c4 116 "5874
Bronchiolar-alveolar adenoma 3/50 512/50 «2/51 10/49 6/50 3/50 «5/50 1/50
B ronch iolar-al veolar adenocarcinoma NF «3/50 «3/51 4/49 NF NF «1/50 4/50
Bronchiolar-alveolar carcinoma 1/50 NF NF NF 5/50 0/50 NF NF
Malignant lymphoma 9/12 8/50 11/51 *6/50 13/14 25/50 7/50 "10/50
Myeloid leukemia NF 0/50 0/51 NF NF 1/50 1/50 NF
Pituitary adenoma 0/23 0/50 2/51 0/44 -3/50 1/48 0/50 0/37

aSludy 10 (Monsanto) CD-I mice. 
bStudy 11 (Cheminova) CD-I mice.
‘Study 12 (Arysta Life Science) CD -1 mice. 
dStudy 13 (Feinchemic Schwebda) Swiss albino mice.
"'Study 14 (Nufarm) CD-I mice.
§ Recorded as lung rather than bronchiolar-alveolar.
#Recorded as sum of lymphoblastic lymphosarcoma with leukemia, lymphoblastic lymphosarcoma without leukemia and composite lymphosarcoma. 
'2  animals in anterior lobe, 1 animal in intermediate lobe.
NF  not found/not reported.
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plus dead), and questionable definition/interpretation of dose- 
response. It is important to note that the Eriksson et al. study 
did detect statistically significant positive associations for 
small lymphocytic lymphoma/chronic lymphocytic leukemia 
and "unspecified NHL”, while the following lymphomas were 
not statistically significantly associated with glyphosate use: 
B-cell lymphomas, grade I III follicular lymphoma, difFuse 
large B-cell lymphoma, other specified B-cell lymphomas, 
unspecified B cell lymphomas, and T-cell lymphomas (Eriks
son et al. 2008). As previously discussed, statistically signifi
cant associations need to be evaluated further for study bias, 
confounders and sampling error, before expending resources 
and energy on further evaluation of potential causality.

Epidemiological investigations face the difficulty of reli
ably determining the magnitude of exposure to the chemical 
in question, while ruling out confounders like co-exposure 
to other chemicals, and environmental and lifestyle factors. 
In contrast, carcinogenicity studies in experimental animals, 
when conducted according to appropriate testing guidelines, 
are designed in a fashion that allows a direct association 
between observed effects and substance exposure, yet the 
relevance of observed findings to humans is an important con
sideration. This manuscript collectively presents the scientific 
community with carcinogenicity results from a remarkably 
large body of data from fourteen long-term carcinogenicity 
studies on glyphosate.

Glyphosate is of very low acute toxicity with an oral LD5(| 
in the rat in excess of 5000 mg/kg of body weight.. The sub
chronic NOAEL is 400 mg/kg bw/day, and is based on effects 
that do not impair long-term survival (WHO/FAO 2004b. 
WHO/FAO 2004a). This allows administration of very high 
glyphosate doses to rodents for a prolonged time. Dietary 
levels of up to 30 000 and 40 000 milligrams of glyphosate 
per kilogram of diet have been administered to rats and mice, 
respectively, in chronic feeding studies covering their expected 
lifespan without apparent effects on longevity.

One of the most critical aspects of designing a carcino
genicity study is the choice of dose levels, especially the top 
dose, at either the limit dose or MTD. The relevant OECD 
TGs 451 and 453 for carcinogenicity studies propose a body

weight depression of approximately 10% as evidence for sys
temic toxicity. This is equivalent to the concept of the MTD, 
which is discussed in a supporting OECD guidance document 
(OECD 2012b). For chemicals which are well tolerated by 
the experimental animal, where no dose-limiting toxicity is 
observed, the respective OECD guidance suggests 1000 mg/ 
kg bw/day as the highest dose level (OECD 2012a). Many of 
the carcinogenicity studies performed in rats and mice with 
glyphosate have been conducted with the high dose group 
receiving levels of glyphosate at. or in excess of the limit dose 
because of its very low toxicity following repeat exposure. 
Following this extensive testing, even at very high exposure 
levels, there was no evidence of a carcinogenic effect related 
to glyphosate treatment. The select neoplasms highlighted in 
Tables 20-23 show normal biological background levels of 
spontaneous neoplasms, with lack of dose-response across 
the data sets. The combined studies clearly indicate that 
glyphosate's carcinogenic potential is extremely low or non
existent in animal models up to very high doses.

By way of comparison, the worst-case calculated human 
dietary exposure to glyphosate, the Theoretical Maximum 
Daily Intake (TMDI) is 0.14 mg/kg bw/day (EFSA 2012). 
Systemic exposure of operators, as assessed for the EU 
reapproval of glyphosate, is predicted to be between 0.0034 
(German BBA model, tractor-mounted ground-boom sprayer) 
and 0.226 mg/kg bw/day (UK POEM, hand-held-spraying to 
low targets, data not shown). The model estimates are sup
ported by human biomonitoring data in farmers showing sys
temic exposures of 0.004 and 0.0001 mg/kg/day for worst-case 
and mean acute doses, respectively (Acquavella et al. 2004). 
The high doses in chronic rodent studies at which no evidence 
of carcinogenicity is demonstrated are at least hundreds of 
thousands fold greater than peak human systemic exposure 
levels. Clearly, there is no scientific basis for concern of carci
nogenic risk to humans resulting from glyphosate exposure.

With over 40 years of scientific research on glyphosate, no 
compelling evidence exists for a mechanism for glyphosate to 
cause cancer. Mammalian metabolism does not activate gly
phosate to a toxic metabolite (Anadon et al. 2009. WHO/FAO 
2004a). The lack of glyphosate DNA reactivity supports the

Glyphosate
exposure/
carcinogenicity

Absence of epidemiological evidence

Low Epidemiological Evidence

A causal relationship 
between glyphosate 
exposure and 
carcinogenicity is

1) Likely
2) Uncertain
3) Uncertain
4) Unlikely

Figure 2. Likelihood of glyphosate carcinogenicity based on experimental and epidemiological data; a causal inference grid as proposed by Adami et al. 
{2011) to utilize both toxicological and epidemiological data.
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lack of potential for an initiation event for carcinogenesis (Kier 
and Kirkland 2013). Clearly, there is a lack of potential for 
glyphosate to induce hormonal oncogenesis, based on both the 
tumor incidence data presented and the unequivocal evidence 
that glyphosate is not an endocrine disruptor (Bailey et al. 
2013. Levine et al. 2012, Saltmiras and Tobia 2012, Webb 
et al, 2013, Williams et al. 2012).

The absence of test substance-related neoplastic findings 
in a total of 14 rodent cancer bioassays with glyphosate is in 
stark contrast to the recent dramatic media reports, internet 
postings, and YouTube videos of rat tumors, hypothesized to 
be caused by treatment with maize containing glyphosate resi
due or drinking water spiked with a glyphosate formulation 
(Seralini et al. 2014). Such reports, under the scrutiny of the 
global scientific community, demand greater data transparency 
and accountability within the peer review process.

The absence of a glyphosate-related mechanism for 
carcinogenesis, the huge volume of genotoxicity data 
studies indicating no likely mutagenic or DNA-reactive 
potential (Kier and Kirkland 2013), combined with the 
lack of epidemiological evidence for glyphosate-induced 
cancer (Mink et al. 2012), and the lack of carcinogenic
ity in multiple rodent carcinogenicity assays, are depicted 
in a causal inference grid in Figure 2, as put forth by 
Adami et al. (Adami et al. 2011). The overwhelming 
weight of the available evidence, demonstrating a lack 
of both biological plausibility and epidemiological effects, 
draws a compelling conclusion that glyphosate’s carcino
genic potential is extremely low or non-existent.
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Introduction
Glyphosate is the active ingredient of very extensively used 
herbicide formulations and, accordingly, glyphosate and 
glyphosate-based formulations (GBFs) have been extensively 
studied for their toxic properties. One of these toxic properties is 
genotoxicity and there has been a recent extensive review of gly
phosate and GBF experimental genotoxicity studies (Kier and 
Kirkland 2013). This review concluded that there was a strong 
weight of evidence that glyphosate and GBFs are predominantly 
negative in well-conducted core bacterial reversion and in vivo 
mammalian micronucleus and chromosomal aberration assays. 
Although some positive results for glyphosate and GBFs were 
reported in DNA damage assays and for the micronucleus end
point for GBFs in non-mammalian studies, the positive results 
were associated with high dose levels and/or toxic effects. The 
preponderance of negative results in core assays supports the 
conclusion that reports of DNA damage or non-niammalian 
micronucleus effects are likely to be secondary to cytotoxicity 
rather than indicative of DNA-reactive mechanisms. This con
clusion is consistent with and supported by a recent review of 14 
experimental rodent carcinogenicity studies of glyphosate that 
indicated a weight of evidence that there was no carcinogenic 
effect related to glyphosate treatment (Greim et al. 2015).

The earlier Kier and Kirkland (2013) review focused on 
experimental studies and did not consider reports of human
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or environmental biomonitoring studies where there was GBF 
exposure. This review complements the earlier review by iden
tifying and considering a number of human and environmental 
biomonitoring studies where exposure to GBFs was indicated 
and one or more genotoxicity endpoints were employed. Such 
studies can provide perspective on potential for effects on 
humans or other organisms with actual environmental or occu
pational exposures. However, they are also much more compli
cated to interpret and derive definitive conclusions from than 
experimental studies because of confounding exposures to other 
agents, complexity of applying methodology to subject popula
tions and limits on availability of endpoints and sample sizes.

Identification of published studies
The published studies for review consideration were identified 
by literature searches for published reports containing refer
ences to glyphosate or GBFs (e.g., Roundup™ formulation) that 
also contained searchable terms which indicated that human or 
environmental genotoxicity studies were performed (e.g., alka
line single cell gel electrophoresis (comet) or micronucleus end
points). Emphasis was placed on publications in peer-reviewed 
journals. Abstracts or other sources with incomplete informa
tion were not considered. Reviews without original data were 
not considered for evaluation; however, these reviews were 
examined to determine if there were any cited publications that 
had not been detected in the literature searches.

General methodology
Populations
Table 1 summarizes the identified genotoxicity biomonitor
ing studies involving GBF exposure. Most of these studies are 
cross-scctional studies in which genotoxicity biomarkers in 
an exposed population were compared to an unexposed refer
ent population. A few studies are longitudinal studies where 
sampling was made before and after exposures (Lebailly et al. 
2003, Bolognesi et al. 2009). For cross-sectional studies, a 
suitable sample size and a carefully matched referent popula
tion are important (Albertini et al. 2000, Collins et al. 2014). 
Although sample size should ideally be defined in reference 
to a pre-determined desired sensitivity, this does not appear to 
have been rigorously considered in the identified studies. A few 
of the studies had quite small (e.g., <  25) exposed and referent 
population sizes (e.g., Gregio D'Arce and Colus 2000, Vlastos 
et al. 2006, Paz-y-Mino et al. 2007, Bortoli et al. 2009).

Careful matching of exposed and referent populations for 
cross-sectional studies requires consideration of the specific 
endpoint and confounding factors that might affect the end
point. Recommendations of major endpoint specific factors 
include gender and age for the CBMN endpoint (Battcrshill 
et al. 2008, Fenech et al. 2011), age for the buccal micronu
cleus (MN) endpoint (Bonassi et al. 2011), and gender, age and 
smoking status for the comet endpoint in blood cells (Collins 
et al. 2014). For genotoxicity endpoints, a large number of 
other factors may also be considered as possible confounding 
variables such as diet (Bonassi et al. 2011, Fenech et al. 2011, 
Collins et al. 2014), sleep (Kahan et al. 2010, Tenorio et al. 
2013), disease status (Albertini et al. 2000, Battershill et al. 
2008. Fenech et al. 2011), and seasonal variation (Albertini 
et al. 2000, Moller 2005, Verschaeve et al. 2007).

Many of the human biomonitoring studies had similar gen
der, age and usually smoking and alcohol consumption distri
butions for their exposed and referent populations. Although 
many of the studies indicated that information on lifestyle or 
other factors was collected (e.g., medical history and treat
ments, X-ray exposures and diet), most of the studies did not 
present comprehensive detailed data on these confounding 
factors. Some of the studies had moderate to fairly large dif
ferences in gender distribution (Bolognesi et al. 2002, 2004, 
Pastor et al. 2003, Simoniello et al. 2008, Benedetti et al. 2013, 
Koureas et al. 2014). One factor recommended for recording 
of the blood cell comet endpoint in human biomonitoring 
studies is exercise (Collins et al. 2014); however, the cross
sectional studies employing the comet endpoint did not appear 
to explicitly consider this as a confounding variable.

Exposures
Human exposures were usually characterized by self-reporting 
of the types of pesticides used as determined by survey of the 
exposed population or by more general use information. Addi
tionally, the use of personal protective equipment may have 
been indicated. In most cases pesticides were characterized 
only by the active ingredient and not as a specific formula
tion. In some cases the extent of individual pesticide use was 
described as a frequency of use and/or amount of use but in 
most cases there were exposures to multiple pesticides. There 
are only a few biomonitoring studies where some assessment 
of the specific effects of exposures to GBFs can be inferred 
from the circumstances or exposure data presented. The iden
tified studies only rarely attempted to estimate actual amount 
of exposure to specific pesticides or to evaluate exposure 
by chemical monitoring. No cases of chemical monitoring 
of exposure to glyphosate or GBFs were encountered in the 
genotoxicity biomonitoring studies. Uncertainty in extent and 
amount of exposure and dose is a major limitation in interpre
tation of the genotoxicity biomonitoring studies of pesticide 
exposure.

Endpoints
The most common endpoints employed in the biomonitor
ing studies were the CBMN assay on cultured lymphocytes 
(six human studies), the micronucleus assay on buccal cells 
(six human studies) and the comet assay on blood cells (five 
human studies and one environmental study). Other endpoints 
included measurement of sister chromatid exchange (SCE) in 
cultured lymphocytes (three human studies), chromosomal 
aberration in cultured lymphocytes (three human studies), 
erythrocyte micronucleus assays (two environmental stud
ies), and bacterial reversion (Ames test strains) on urine (one 
human study). Two human studies measured DNA alterations 
(bulky adducts and oxidative DNA damage).

The CBMN assays generally used similar standardized 
methodologies for culture, including addition of cytochalasin 
B at 44 h after phytohemagglutinin stimulation. The studies 
used whole blood rather than isolated leukocytes for culture 
and scored 1000 or 2000 binucleated cells per subject for 
micronuclei. Referent population frequencies of binucleated 
cells with micronuclei (BNMN) ranged from about 1.8 to 9 
per 1000 which seems reasonably close to a mean of 6.5 per
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Table 1, Studies of human and environmental populations with reported GBF exposure.

Exposed population3 Endpoint13 Pesticide/GBF exposures Exposed group resulF References
Human studies

Agricultural workers (20); 
R (16)

Lymphocyte CANC 19 pesticides reported used 
Including GBF

No statistically significant 
increase in CA

Gregio D'Arce and 
Col us (2000)

Greenhouse farmers (104);
R (44)

Lymphocyte SCENC 9 pesticides or pesticide classes 
reported as used, GBF used by 
99/104 farmers

Statistically significant 
increases in SCE/ 
chromosome and high 
SCE frequency cells

Shaham et al. (2001 )

Floriculturists (107); R (61) Lymphocyte CBMN >  30 pesticides reported used. 
GBF use reported in 57/107 
workers

Statistically significant 
increase in BNMN

Bolognesi et al. 
(2002)

Hungarian agricultural 
workers (84); R (65)

Lymphocyte CBMN 
Buccal MN

14 pesticides reported used. 
GBF use frequency reported 
as 16.1%

No statistically significant 
increases in BNMN 
or buccal cell MN 
frequencies

Pastoretal. (2003)

Fruit growers (12 in one 
season for urine and 
comet; 17 in second 
season for urine only) ; 
NR

BM cometNC 
Ames test on urine

Samples collected before and 
after captan spraying. GBF 
use reported in 2/29 growers 
I day before captan spraying 
and in 1/19 grower on the day 
of captan spraying

No statistically significant 
effects on comet %
DNA damage or tail 
moment; correlation 
between predicted captan 
exposure and response In 
Salmonella strain TA102

Lebailly et al. (2003)

Floriculturists (51); R (24) Lymphocyte CBMN 25 pesticides reported used. 
GBF use reported in 21/51 
workers with average of 106.5 
kg/year applied

No statistically significant 
increase in BNMN

Bolognesi et al. 
(2004)

Workers exposed to 
pesticides (33); R (33)

Lymphocyte SCE 
Lymphocyte CBMN 
Lymphocyte CA

>  30 pesticides reported used 
including GBF

Statistically significant 
increases in BNMN and 
SCE but not CA

Costa et al. (2006)

Farmers ( 11 ); R (11) Lymphocyte CBMNnc 17 pesticides reported used. 
GBF use reported in 3/11 
farmers

Statistically significant 
increase in MN frequency 
but not in frequency 
of BNMN; statistically 
significant increases in 
small MN

Vlastos et al. (2006)

Fruit farmers (29); NR BC DNA adducts (32P- 
postlabelling)

GBF use reported in 1 of 29 
fruit farmers. Sampling on 
morning of and morning after 
spraying

No statistically significant 
effects comparing relative 
adduct levels at different 
sampling times

Andre et al, (2007)

Individuals at or near 
GBF aerial spraying (24); 
R (2 l)

BC cometNC GBF aerially sprayed within 3 
km. Blood samples collected 
two weeks to two months after 
spraying

Statistically significant 
increase in comet tail 
length and appearance of 
high damage comets

Paz-y-Mino et al. 
(2007)

Workers exposed to 
pesticides (54); R (30)

BC comet 13 pesticides reported used 
including GBF

Statistically significant 
increase in damaged cells

Simoniello et al, 
(2008)

Humans in 3 areas where 
GBF was sprayed (60,
64 and 28); R (region of 
no pesticide exposure, 
60).

Lymphocyte CBMN Samples collected before, within 
5 days and 4 months after 
GBF spraying in 3 regions 
Pesticide use reported by 
76.6%, 6L7%and 28.6% of 
subjects in GBF sprayed 
regions

Statistically significant 
increase in BNMN 
sampled within 5 days of 
GBF spraying in
3 regions; statistically 
significant decrease In
4 month sample compared 
to <  5 day sample in
1 region.

Bolognesi et al, 
(2009)

Agricultural workers (29); 
R (37)

Buccal MN 10 pesticides reported used 
including GBF

Statistically significant 
increase in MN cell 
frequency

Bortoli et al. (2009)

Agricultural workers (70); Lymphocyte SCE 25 pesticides reported used Statistically significant M arti nez-Valenzuel a
R (70) Buccal MN including GBF increases in SCE/ 

metaphasc and MN cell 
frequency

et al. (2009)

Subjects in areas with GBF 
aerial spraying up to 
2 years previously (92); 
R (90)

Lymphocyte CANC Aerial GBF spraying for illicit 
crop control up to two years 
before sampling

Normal karyotypes 
and percentage of 
chromosomal fragility 
within normal parameters

Paz-y-Mino et al, 
(2011)

Agricultural workers (81 ); BC comet 25 pesticides reported used Statistically significant Benedetti et al.
R (46) Buccal MNNC including GBF increases in damaged 

comets and MN cell 
frequency

(2013)

(Continued)
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Table 1. (Continued)

Exposed population3 Endpointb Pesticide/GBF exposures Exposed group result0 References
Children living in areas 

of pesticide application 
(125); R (125)

Buccal MNnc > 30 pesticides reported used 
including GBF

Statistically significant 
increase in MN cell 
frequency

Gomez-Arroyo et al, 
(2013)

Agricultural workers (41); 
R (32)

BC comctNC 
Buccal MNNC

Exposure of up to 7 different 
pesticides with 56.7% of 
workers exposed to a single 
pesticide (fenpropathrin. 
carbofuran or GBF)

Statistically significant 
increase in MN cell 
frequency and in comet 
endpoints (%DNA in tail 
and tail moment)

Khayat et al. (2013)

Pesticide sprayers (80); 
R (206)

BC 8-OHdG > 30 pesticides used including 
GBF

Statistically significant 
increases in 8-OHdG; no 
statistically significant 
increase with frequency 
of GBF applications in 
last spraying season

Koureas et al. (2014)

Environmental Studies

Meadow voles living on 
golf courses (22 in 2001, 
comet only; 6t in 2002, 
comet and MN); R (0 in 
2001; 8 in 2002)

BC cometNC 
Erythrocyte MNnc

Numerous pesticides reported 
used including GBF

Comet tail length and 
moment statistically 
correlated with total 
pesticide exposure in 
2001 but not 2002; no 
statistically significant 
pesticide effects on 
polychromatic erythrocyte 
MN frequencies

Knopper et al. (2005)

Fish from dams (various 
species; 3 per species)

Erythrocyte MN Wide GBF use reported in 
adjacent lands along with 
other pesticides

Higher MN frequencies 
than normal or expected 
from other reports but 
no negative concurrent 
controls used

Salvagni et al. (2011)

“Description of exposed population with number of exposed individuals in (). R with () indicates number of individuals in non-exposed referent 
population. NR indicates no concurrent referent population studied.

bGenotoxicity endpoint(s) measured. See abbreviations for endpoint abbreviations. Nc after SCE, CBMN or comet endpoints indicates that slides were 
not indicated as coded before scoring.

‘Results reported for exposed group compared to referent group.

thousand with an inter-quartile range of 3-12 per thousand 
observed for a large number of normal subjects from many 
laboratories (Fenech et al. 2011).

The buccal micronuclcus (buccal MN) assays generally 
followed recommendations for number of cells scored with 
1000-3000 cells scored per subject. There is a recommen
dation for the use of DNA-specific staining for this assay 
such as Feulgen-Fast Green (Thomas et al. 2009). Two of 
the laboratories used relatively non-specific Giemsa stain
ing (Benedetti et al. 2013, Bortoli et al. 2009). The mean 
frequencies of micronucleated cells in referent populations 
ranged from about 0.37 per thousand to 1.78 per thousand. 
This range seems reasonably close to a mean of 0.74 micro- 
nucleated cells per thousand for a large number of healthy 
subjects not knowingly exposed to genotoxic substances or 
radiation (Bonassi et al. 2011). The study with the highest 
mean frequency of micronucleated cells in a referent popula
tion (1.78 per thousand) employed the relatively non-specific 
Giemsa stain (Bortoli et al. 2009).

The comet studies generally used similar standard method
ology for cell lysis, alkaline treatment, and staining of DNA. 
One study used isolated leukocytes (Lebailly et al. 2003) but 
the other studies used whole blood. It should be noted that 
whole blood contains a high percentage of short-lived neu
trophils and thus may be more suitable for recent exposures 
to genotoxic agents (Collins et al. 2014). Recent guidance 
for comet assay methodology suggests that the most useful 
comet measurement is the percentage of DNA in the comet

tail (Anderson et al. 2013, Azqueta and Collins 2013, Col
lins et al. 2014). Only one of the six comet studies reported 
measurement of percentage of DNA in the comet tail (Khayat 
et al. 2013).

Most of the endpoints employed in the biomonitor
ing studies involve visual scoring for endpoints or visual 
selection of comets for image analysis. There are consistent 
and numerous recommendations that slides for scoring for 
these endpoints should be coded so that the scorer is not 
aware of the treatment conditions, individual or groups to 
which the slides belong (e.g., OECD 479, 1986, OECD 474, 
1997, Albcrtini et al. 2000, Tice et al. 2000, Hartmann et al. 
2003, Fenech 2007, Thomas et al. 2009, OECD 475, 2014, 
OECD 489, 2014). However, a number of the biomonitor
ing studies for these endpoints, as indicated in Table 1, did 
not include an explicit statement in the methodology that 
slides were coded for analysis. It is possible that the meth
odology used actually did involve coding of slides but that 
this was not mentioned in the publication. If this is the case 
then clear indication of coding slides for analysis should be 
encouraged in the methodology sections of such publica
tions. Alternately, it is possible that coding was not used 
and that the scorers may have been aware of the groups 
to which the slides belonged. This would be a significant 
deviation from recommended practice and coding of slides 
and reporting this in the methodology should be encouraged 
for all biomonitoring study endpoints where visual scoring 
or selection of objects is involved.
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Results for human biomonitoring studies
Studies with low GBF exposure incidence
Table 2 summarizes conclusions about the studies relevant to 
GBF effects. For some of the human biomonitoring studies, 
the indicated frequency or incidence of pesticide exposure to 
GBF in the pesticide exposed population was very low (Pastor 
et al. 2003, Lebailly et al. 2003, Vlastos et al. 2006, Andre 
et al. 2007). The incidence of GBF exposure reported for these 
studies was too low to allow any reasonable conclusions about 
any relationships between GBF exposure and genotoxicity 
endpoint effects or lack of effects.

Studies with exposure to multiple pesticides
A number of human monitoring studies in Table I and as 
summarized in Table 2 indicated exposure to a list of multiple

pesticides including GBF but did not indicate the frequency 
or extent of exposure to any specific pesticides (Gregio 
D'Arce and Colus 2000, Costa et al. 2006, Simoniello et al. 
2008, Bortoli et al. 2009, Martinez-Valenzuela et al. 2009, 
Benedetti et al. 2013, Gomez-Arroyo et al. 2013). One of 
the studies did not find statistically significant increases for 
the lymphocyte CA endpoint in agricultural workers (Gregio 
D’Arce and Colus 2000). The other six studies reported statis
tically significant increases for genotoxic endpoints for pesti
cide exposed populations compared to referent populations. 
An interesting observation of the Costa et al. (2006) study is 
that two endpoints (lymphocyte CBMN and SCE) had sta
tistically significant increases in the exposed population but 
the chromosomal aberration endpoint did not. This suggests 
the possibility of different sensitivity to genotoxic effects 
of the endpoints which could possibly reflect different

Table 2. Summary GBF exposure conclusions from human genotoxicity biomonitoring studies.

Study reference GBF conclusions and comments*
Reported low GBF exposure incidence

Pastor et al. (2003) 
Lebailly et al. (2003) 
Vlastos et al. (2006) 
Andre et al. (2007)

Not informative because of low reported incidence of GBF exposure
Not informative because of low reported incidence of GBF exposure. Longitudinal study focusing on captan exposure 
Not informative because of low reported incidence of GBF exposure
Not informative because of low reported incidence of GBF exposure. Longitudinal study with no referent population

Multiple pesticide exposures and unknown extent o f GBF exposure

Gregio D'Arce and Colus (2000) 

Costa et al. (2006)

Simoniello et al. (2008)
Bortoli et al. (2009) 
Martinez-Valenzuela et al. (2009) 
Benedetti et al. (2013) 
Gomez-Arroyo et al. (2013)

Not informative because of exposures to multiple pesticides and unknown extent of GBF exposure. Negative result 
for CA endpoint indicates no positive effects from GBF exposure but extent of GBF exposure is not known 

Not informative because of exposures to multiple pesticides and unknown extent of GBF exposure. Negative 
results for CA endpoint indicates no positive effects from GBF exposure but extent of GBF exposure is not 
known

Not informative because of exposures to multiple pesticides and unknown extent of GBF exposure
Not informative because of exposures to multiple pesticides and unknown extent of GBF exposure
Not informative because of exposures to multiple pesticides and unknown extent of GBF exposure
Not informative because of exposures to multiple pesticides and unknown extent of GBF exposure
Not informative because of exposures to multiple pesticides and unknown extent of GBF exposure

Multiple pesticide exposures and reported significant extent o f GBF exposure

Shaham et al. (2001) Not informative because significant exposures to multiple pesticides were reported including GBF. Positive
SCE effects not ascribed to GBF exposure

Bolognesi et al. (2002) Not informative because significant exposures to multiple pesticides were reported including GBF. Positive
CBMN effects not ascribed to GBF exposure

Khayat et al. (2013) Not informative because significant exposures to multiple pesticides were reported including GBF. Positive
buccal MN and BC comet effects not ascribed to GBF exposure. Use of only one pesticide (including 
GBF) reported for a large proportion of the population but no separate endpoint analysis of single pesticide 
exposure indicated

Informative fo r GBF exposure effects

Bolognesi et al. (2004)

Paz-y-Mino et al. (2007)

Bolognesi etal. (2009)

Paz-y-Mino et al. (2011 )

Koureas et al. (2014)

Some limited evidence for lack of effects of GBF exposure on lymphocyte CBMN endpoint. No statistically 
significant increases in BNMN frequency of exposed population with significant proportion (21/51) 
reporting exposure to GBF. Difference in gender distribution between exposed and referent populations. 
Small sample size of population exposed to GBF

Evidence for BC comet effects for population in region of GBF aerial spraying. Small exposed and referent 
populations with differences in gender distribution. Samples collected and processed at different times after 
spraying. No indication of coding of slides for scoring. Significant clinical signs of toxicity and much higher 
than normal rates of application reported for exposed population. Comet effects may be secondary to toxicity

Inconclusive for lymphocyte CBMN effects for populations in regions of aerial GBF spraying. Statistically 
significant increases in BNMN frequencies were observed immediately after GBF spraying but statistically 
significant correlations were not observed with self-reported exposure to spray and results were not 
consistent with GBF application rates

Some evidence of lack of chromosomal effects in a population exposed earlier to GBF aerial spraying. 
Publication indicates no chromosomal effects but contains no details on methodology or detailed 
chromosomal aberration data

Some evidence of lack of oxidative DNA damage from GBF exposure. Univariate analysis indicated lack of 
statistically significant correlation between reported GBF exposure frequency and 8-OHdG in blood DNA. 
Exposures are reported from last spraying season and relationship between exposure and sampling is not clear

‘See abbreviations for endpoint abbreviations.
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mechanisms and sensitivities to those mechanisms. Some 
support for this possibility is also provided by the negative 
lymphocyte CA result of Gregio D'Arce and Colus (2000). 
but this study did not measure other endpoints. None of 
these studies presented any detailed information on indi
vidual pesticide exposure or ascribed observed genotoxic 
effects to any specific pesticide. The fact that there were 
exposures to multiple pesticides, ranging from 10 to more 
than 30, in these studies and an unknown extent or frequency 
of exposure to GBFs does not allow any conclusions about 
genotoxic biomarker effects or lack of effects related to 
GBF exposure. It should be noted that positive results in 
genotoxicity biomonitoring studies involving multiple pes
ticide exposures have been frequently observed regardless 
of whether these exposures included GBF (Bolognesi et al. 
2003, Bull et al. 2006).

Another set of human biomonitoring studies involved expo
sures to multiple pesticides but indicated frequency of exposure 
to specific pesticides that included a significant proportion 
of the exposed population using GBF (Shaham et al. 2001, 
Bolognesi et al. 2002, 2004, Khayat et al. 2013). One of these 
studies reported no statistically significant increase in BNMN 
frequency compared to a referent population for the CBMN end
point in a population of 51 floriculturists of whom 21 reported 
GBF use (Bolognesi et al. 2004). Although the authors sug
gested trends for an increase in BNMN frequency with pesticide 
use and exposure time and a trend toward higher proportion 
of centromere-containing MN with pesticide exposure and in 
a subgroup using benzimidazolic compounds, the statistically 
negative result for BNMN frequency might be taken as some 
evidence indicating lack of detectable effect for this endpoint in 
the appreciable portion of floriculturists exposed to GBF.

Three other studies with multi-pesticide exposure includ
ing significant frequency of GBF use in the exposed popula
tions reported positive genotoxic effects for the lymphocyte 
SCE endpoint (Shaham et al. 2001), the CBMN endpoint 
(Bolognesi et al. 2002), and the blood cell comet and buc
cal MN endpoints (Khayat et al. 2013). Two of these studies 
presented data on frequency of pesticide or pesticide class use 
and for both of these studies most participants used multiple 
pesticides and GBF use, while frequent, was not dominant 
compared to numerous other pesticides (Shaham et al. 2001, 
Bolognesi et al. 2002). Neither of these studies analyzed or 
attributed genotoxicity marker effects to specific pesticides 
and, given the multiplicity of pesticide exposures, there is no 
basis to conclude that GBF exposure was responsible for the 
effects observed. The Khayat et al. (2013) study reported that 
an appreciable percentage (56.7%) of the exposed population 
were exposed to only one pesticide and the single pesticide 
exposures were to GBF. fenpropathrin, or carbofuran. How 
many workers were exposed to each pesticide was not indi
cated. It should be noted that the Khayat et al. (2013) data 
table reporting multiplicity of pesticide exposures appeared to 
only present data for 30 workers but there were 41 workers in 
the exposed population. Despite the apparent occurrence of 
single pesticide exposures in a large portion of the exposed 
group, the study did not indicate a pesticide-specific analysis 
of genotoxic marker effects. In the absence of such analysis the 
genotoxic marker effects observed cannot be attributed to any 
specific pesticide, including GBF.

Studies assessing GBF exposure effects
As indicated in Tables 1 and 2, there were four studies where 
specific information on GBF exposure effects was presented. 
Three published studies focused on populations believed to 
be exposed to GBFs by their presence at or near aerial GBF 
spraying operations (Paz-y-Mino et al. 2007, 2011, Bolognesi 
et al. 2009).

One of these studies reported induction of blood cell comet 
effects on a Northern Ecuadorian population living within 
3 km of areas sprayed with GBF for illicit crop eradication 
(Paz-y-Mino et al. 2007). The sprayed material was reported 
to be Roundup Ultra, a GBF containing 43.9% glyphosate, 
polyethoxylated tallowamine surfactant, and a proprietary 
component, Cosmoflux 41 IF. The populations studied were 
relatively small (24 exposed individuals and 21 non-exposed 
individuals) and the referent population had a higher propor
tion of males (4/21 vs. 1/24 in the exposed group). Blood 
sampling was reported to have been at 2 weeks to 2 months 
after spray exposure and samples were indicated to have been 
processed immediately. Specific methods for collection, stor
age, and transport of blood samples were not described for 
either the exposed population or referent group but it was 
noted that referent group samples were not processed con
comitantly with the exposed group samples. Time between 
collection and assay and storage conditions and variation in 
sampling time between exposed and referent sample collec
tion have been cited as potentially important variables for 
human biomonitoring studies using the comet endpoint (Col
lins et al. 2014). Inclusion of reference standards is advised 
when samples are processed at different times (Azqueta and 
Collins 2013) but this was not indicated in Paz-y-Mino et al. 
(2007) publication. The Paz-y-Mino publication also did not 
indicate that slides were coded for scoring for comet effects. 
As noted above there are numerous recommendations for 
coding of slides scored in the comet assay unless the scoring 
is fully automated (Tice et al. 2000, Hartmann et al. 2003, 
Collins et al. 2014, OECD 489, 2014).

The Paz-y-Mino et al. (2007) study reported increases in 
damaged cell categories and statistically significant increases 
in DNA migration (tail length) in the presumably exposed 
population. Interpretation of the results of this study should 
consider numerous reported signs of toxicity in the exposed 
population and the reported application rate of 23.4 liters/ha 
which was stated to be more than 20 times the maximum 
recommended application rate. Some of the reported exposed 
group health effects described by Paz-y-Mino et al. (2007) 
appear to be consistent with severe exposures noted in clinical 
reports of acute poisoning incidents (often self-administered) 
with GBFs and other pesticide formulations rather than typical 
bystander exposures (Menkes et al. 1991). Given the consid
erably favorable general toxicology profile of glyphosate as 
reported by the WHO/FAO Joint Meeting on Pesticide Resi
dues (WHO/FAO 2004) and in Williams et al. (2000), factors 
related to either high surfactant exposure, unusual GBF com
ponents in this formulation or other undocumented variables 
appear to be confounding factors in this study. It is possible 
that the reported comet effects, if indeed resultant from GBF 
exposure, could well have been secondary to the clinical toxic
ity reported in this study population.

RM 000058



DOI 10.3109/10408444.2015.101U194 GBFgenotoxicity biomonitoring review 215

Subsequent to the original Paz-y-Mino et al. (2007) study, a 
baseline study was conducted on residents on the northeastern 
Ecuadorian border near where there had been aerial applica
tions of GBF (Paz-y-Mino et al. 2011). Apparently, samples 
were collected about 2 years after the last aerial spraying. 
The exposed population used for genomic and chromosome 
analysis (92 individuals) and the referent sample population 
(90 individuals) were much larger than those of the previous 
Paz-y-Mino et al. (2007) study and the proportion of males in 
the exposed population was much higher. Publication details 
on sample collection, storage, transportation, and methodology 
for chromosomal aberration analysis are very limited and typi
cal data for the chromosomal aberration endpoint were not pre
sented. Thus, there is some uncertainty that the endpoint used 
was the typical chromosomal aberration endpoint. Neverthe
less, the publication indicated that none of the exposed popula
tion had any type of chromosomal alteration and the percentage 
of chromosomal fragility was within normal parameters.

Another publication (Bolognesi et al. 2009) reported results 
for a lymphocyte CBMN study of individuals in three areas 
of Columbia treated with GBF by aerial spraying for illicit 
crop eradication (Putumayo and Narifio regions) or sugar 
cane maturation (Valle del Cauca region). Other populations 
were from an area using manual eradication for illicit crops 
and pesticides including GBF for agriculture (Boyaca region) 
and a region where agricultural practices do not include pes
ticide application (Santa Marta region). Although the title 
of the publication contains the term “agricultural workers”, 
it appears that only some of the total population studied had 
agriculture as an occupation. The percent of subjects listing 
agriculture as an occupation varied from 7.1% in Valle del 
Cauca to 60% or more in Putumayo and Narino. Although 
percentage of subjects reporting current use of pesticides is 
reported for the various regions and there was a reference to 
higher prevalence of use of genotoxic pesticides in Putumayo 
and Narino no detailed information on the pesticides used or 
frequency of use was presented in the publication.

The human lymphocyte culture and scoring methodology 
employed in the Bolognesi et al. (2009) study appear to be 
generally consistent with commonly used and recommended 
practices for this assay. There is a question as to how long the 
blood samples used in the study were stored prior to initiating 
cultures. The publication only indicated that blood samples 
were kept at room temperature and cultures were initiated at a 
central laboratory within 24 h of collection. There may have 
been differences in the time between sampling and culture 
initiation for different sets of samples. Also, the populations 
in the aerially sprayed regions had a second sampling within 
5 days after the first sampling and this second sampling time 
was not used for the other regions. It appears that collection 
and processing of samples may have occurred for different 
times for the aerially sprayed regions and the other regions.

The publication reported a small statistically significant 
increase in the frequency of BNMN in samples collected from 
people living in three regions within 5 days after spraying of 
GBFs compared with values for samples collected just before 
spraying. The publication also indicated a statistically signifi
cant increase of micronucleated mononuclear cells (MOMN) 
in the immediate post-spraying samples for two regions 
(Narino and Valle del Cauca). In the samples taken 4 months

after spraying, a statistically significant decrease in BNMN 
frequency compared to immediate post-spraying frequency 
was observed for one of the spraying regions (Narino) but the 
other sprayed regions did not exhibit a statistically significant 
difference in BNMN frequency between the immediate post
spraying and 4-month samples.

Although the increases in BNMN frequencies in the post
spraying samples of the three regions suggest an effect from 
GBF exposure, more detailed consideration of exposure fac
tors raises significant questions about this conclusion. The 
populations in each of the sprayed regions self-reported expo
sure to the spray (e.g., being in sprayed fields after spraying 
or observing spray drops in the air or on skin). For all three 
sprayed regions, there was no statistically significant difference 
in BNMN frequency between those self-reporting spraying 
exposure and those self-reporting no spraying exposure. The 
largest percentage post-spraying increase in BNMN frequency 
was reported for Valle del Cauca but only 1 of 26 people from 
this population self-reported spray exposure. Also, it was 
noted that GBF spraying in Valle del Cauca was at a rate sig
nificantly lower (1 kg acid equivalents glyphosate/ha) than that 
in Narino and Putumayo (3.69 kg acid equivalents glyphosate/ 
ha). The lack of clear correlation between self-reported expo
sure and BNMN increases after regional GBF spraying led to 
some caution in interpretation by the authors. The Bolognesi 
et al. (2009) publication suggested that results indicated low 
genotoxic risk from the GBF aerial spraying for illicit crop 
eradication. Another possible conclusion that appears to be 
supported by the self-reported exposure information is that 
this study does not clearly demonstrate an association between 
GBF exposure and CBMN endpoint effects.

Koureas et al. (2014) published a study examining effects 
of pesticide exposure on a measure of oxidative DNA damage, 
8-hydroxydeoxyguanosine (8-OHdG) in blood DNA, which 
addressed whether GBF exposure appeared to affect this end
point. The publication indicated that the exposed population 
had recently applied pesticides with no longer than 7 days 
between the last application and sampling. Several of the 
analyses were based on self-reported frequency of exposure 
to specific pesticides during the last spraying season and the 
timing relationship between specific pesticide applications 
and blood sampling is not clear. Statistically significant 
increases in 8-OHdG DNA levels were observed in blood 
samples collected from pesticide applicators compared to a 
non-exposed referent population. A univariate analysis was 
conducted to determine if specific high/low pesticide expo
sure classifications based on seasonal application frequencies 
were statistically associated with increased 8-OHdG levels 
in blood DNA. This analysis found statistically significant 
associations with 8-OHdG levels for herbicide exposure fre
quency and specifically for glufosinate herbicide exposure. 
Other statistically significant specific pesticide frequency 
exposure correlations were observed for neonicotinoids. 
A statistically significant exposure frequency correlation 
was not observed for GBF exposure. While certainly of lim
ited power, this analysis provides some evidence that GBF 
exposures in pesticide applicators were not associated with 
oxidative DNA damage.

The human genotoxicity biomonitoring studies that specifi
cally address GBF effects appear to have some evidence for
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lack of persistent genotoxic effects, especially under normal 
conditions of exposure. One study suggests lack of DNA oxi
dation effects with GBF application and a study employing 
CBMN does not show statistically significant effects correlat
ing with self-reported exposure to GBF spraying. One study 
reported effects on the blood cell comet endpoint following 
exposures to very high levels of GBF spraying which appar
ently were sufficient to elicit significant clinical signs of tox
icity. Ffowever, a subsequent study conducted 2 years after 
GBF spraying using much larger populations did not detect 
chromosomal alterations or an increase in chromosomal fra
gility indicating that the comet effects did not appear to be 
manifested as persistent genotoxic effects. It should be noted 
that there is growing appreciation that comet endpoint effects 
in biomonitoring studies may result from indirect (i.e., non 
DNA-reactive) mechanisms such as inhibition of DNA repair, 
perturbation of cytokinesis, and oxidative stress (Collins et al. 
2014). It seems very likely that the observed blood cell comet 
effects, if indeed associated with GBF exposure, were second
ary to toxicity from very high GBF exposures and that these 
effects do not indicate DNA-reactive genotoxicity or a geno
toxic risk from normal GBF exposures.

Results for environmental biomonitoring studies
There are two publications related to environmental biomonitor
ing for genotoxic endpoints. One study using blood cell comet 
and erythrocyte MN endpoints was conducted on samples from 
meadow voles living on or near golf courses where pesticides 
had been applied (Knopper et al. 2005). Different comet sample 
processing methodology (use or non-usc of dimethylsulfoxide 
in lysis buffer) was used for the two different seasons and statis
tically significant differences in the average comet tail moment 
between the two seasons were ascribed to this different meth
odology. Although some suggestions of effects were reported, 
GBF was only one of a number of applied pesticides and the 
effects observed were considered by the authors as possibly 
attributable to exposure to Daconil® fungicide.

A second publication reported results for the erythrocyte 
MN assay applied to fish collected from several dams in Brazil 
(Salvagni et al. 2011). GBF was one of a number of pesticides 
reported to be used in the area of the dams. This study reported 
what were considered to be high numbers of micronuclei in 
cells but there were no concurrent negative controls. In the 
absence of these controls, the results might not be interpreted 
as conclusively indicating effects of pesticide exposure.

Conclusions
Two environmental genotoxicity biomonitoring studies con
ducted on a mammalian species and fish species were not 
informative about possible environmental genotoxic effects of 
GBFs. Both studies involved exposures or potential exposures 
to multiple pesticides without characterizing the relative extent 
of GBF exposure.

There have been a fairly large number of human genotoxic
ity biomonitoring studies where some exposure to GBFs was 
reported. Several of these studies were not informative about 
effects of GBF exposure because there was exposure to mul
tiple pesticides and reported GBF exposure frequencies were 
low or very low. Another set of human biomonitoring studies

were also not informative about possible genotoxic effects of 
GBF exposure because these studies listed exposure to large 
numbers of pesticides (10 to more than 30) in the exposed 
population without indicating the frequency or extent of 
exposure to any of the pesticides. Although positive genotoxic 
endpoint effects were observed in most of these studies no 
conclusions can be made regarding which pesticide exposures 
were responsible for the effects.

A third set of human genotoxicity biomonitoring studies 
involved exposures to multiple pesticides but did indicate sig
nificant frequency of GBF exposure in the populations. One of 
these studies did not find statistically significant effects for the 
lymphocyte CBMN endpoint in the exposed population com
pared to a referent population. This study offers some limited 
evidence for lack of significant, detectable effects on this end
point for human exposure to any of the pesticides with signifi
cant exposure frequencies, including GBF, but the population 
sizes exposed were low. Three other studies reported positive 
genotoxic endpoint effects but the exposure data and endpoint 
data presented did not permit attribution of these effects to any 
specific pesticide exposure.

Finally, there are data from four human genotoxicity 
biomonitoring studies that provide information on GBF expo
sure effects. A study of oxidative effects on blood DNA indi
cated that observed increases in oxidative DNA damage did 
not statistically correlate with last season frequency of GBF 
application. These results provide limited evidence for this 
indirect genotoxic mechanism not operating at a significant 
level in humans using GBFs. Three studies involved measure
ment of genotoxic endpoints in human populations living in 
regions where GBFs were applied by aerial spraying. One study 
used a longitudinal design involving populations in regions of 
aerial GBF applications where samples were taken before, 
within 5 days and 4 months after GBF spraying. Statistically 
significant post-spraying increases for the CBMN endpoint 
were observed in these populations. However, the increases 
were not significantly correlated with self-reported exposure 
to the sprays or with the spraying application rate. Application 
of well-respected criteria for relating epidemiology cause and 
effect (Bradford-Hill 1965) to these results does not permit 
a conclusion that the observed effects were clearly related to 
GBF spray exposure. Two other studies were made of humans 
in GBF aerial spraying regions. A cross-sectional study found 
increases for the blood cell comet endpoint in the exposed 
population compared to a referent population. The exposures 
in this study appeared to be very excessive in terms of GBF 
application rate and significant signs of toxicity were observed 
in the exposed population. It seems possible that effects for 
this endpoint, if induced by GBF spraying exposure, may well 
have been indirect mechanism effects secondary to toxicity. 
A follow-up study of larger sample size from the sprayed 
regions conducted 2 years after spraying did not indicate any 
effects on chromosomal alteration or fragility endpoints. These 
latter results suggest that no persistent genotoxic effects were 
induced in the sprayed population and are consistent with the 
possibility that earlier reported comet effects may well have 
been secondary to toxic effects rather than resulting from a 
DNA-reactive mechanism.

The overall conclusion from the human biomonitor
ing studies is that none of the reported positive results for
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studies involving exposure to multiple pesticides present 
evidence specifically relating GBF exposure to these results. 
There is some limited evidence for lack of oxidative DNA 
damage from normal human GBF exposure. The studies of 
populations in regions where GBF spraying occurred do not 
provide clear evidence correlating exposure to chromosomal 
effects such as aberrations or induction of micronuclei. The 
single study result of DNA damage comet effects in a popula
tion presumably exposed to GBF aerial spraying might well 
have been due to abnormally high toxic exposures to the GBFs 
rather than a DNA-reactive mechanism and does not indicate 
genotoxic risk to humans under normal exposure conditions.

An earlier review of a very extensive number of experimen
tal genotoxicity studies of glyphosate and GBFs concluded that 
there is a convincing weight of evidence supporting the lack 
of genotoxic potential for both glyphosate and typical GBFs in 
core gene mutation and chromosomal effect endpoints and that 
observations of DNA damage effects were likely to be second
ary to toxicity (Kier and Kirkland 2013). This earlier review 
concludes that the lack of genotoxic hazard potential evi
denced by core gene mutation and chromosomal effect studies, 
coupled with the very low human and environmental species 
systemic exposure potential, indicate that glyphosate and typi
cal GBFs present negligible genotoxicity risk. A subsequent 
review of experimental rodent carcinogenicity studies did not 
indicate that glyphosate was associated with carcinogenicity 
(Greim et al. 2015) which supports the conclusion that gly
phosate does not have DNA-reactive genotoxic properties. A 
review of human and environment genotoxicity biomonitoring 
studies does not indicate any significant evidence to contradict 
these conclusions.
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Abstract
An earlier review of the toxicity of glyphosate and the original Roundup™-branded formulation 
concluded that neither glyphosate nor the formulation poses a risk for the production of 
heritable/somatic mutations in humans. The present review of subsequent genotoxicity 
publications and regulatory studies of glyphosate and glyphosate-based formulations (GBFs) 
incorporates all of the findings into a weight of evidence for genotoxicity. An overwhelming 
preponderance of negative results in well-conducted bacterial reversion and in vivo mammalian 
micronucleus and chromosomal aberration assays indicates that glyphosate and typical GBFs 
are not genotoxic in these core assays. Negative results for in vitro gene mutation and a 
majority of negative results for chromosomal effect assays in mammalian cells add to the 
weight of evidence that glyphosate is not typically genotoxic for these endpoints in 
mammalian systems. Mixed results were observed for micronucieus assays of GBFs in non
mammalian systems. Reports of positive results for DNA damage endpoints indicate that 
glyphosate and GBFs tend to elicit DNA damage effects at high or toxic dose levels, but the 
data suggest that this is due to cytotoxicity rather than DNA interaction with GBF activity 
perhaps associated with the surfactants present in many GBFs. Glyphosate and typical GBFs do 
not appear to present significant genotoxic risk under normal conditions of human or 
environmental exposures.

Keywords
Formulation, genotoxicity, glyphosate, 

mutagenicity, Roundup™

History
Received 19 December 2012 
Revised 23 January 2013 
Accepted 24 January 2013 
Published online 12 March 2013

Table of Contents
Abstract ..........................................................................................................................283
Introduction ................................................................................................................ 283
Identification and analysis of published studies .................................. 284
Review and analysis of sponsored regulatory studies......................... 284
Glyphosate structure activity analysis ......................................................... 285
GBF compositions .................................................................................................. 285
Gene mutation endpoint .....................................................................................285

Bacterial reversion assays ...........................................................................  285
Glyphosate and glyphosate salts .....................................................285
Glyphosate-based formulations ......................................................... 288

In vitro mammalian cell assays ..............................................................  288
Glyphosate and glyphosate salts .....................................................288
Glyphosate-based formulations ......................................................... 288

Other non-mammalian assays.........................................................  289, 291
Glyphosate and glyphosate salts .....................................................291
Glyphosate-based formulations ......................................................... 291

Chromosomal effects endpoints....................................................................... 291
In vitro mammalian cell assays ..............................................................  291

Glyphosate and glyphosate salts .....................................................291
Glyphosate-based formulations ......................................................... 293

In vivo mammalian assays............................................................................ 293
Micronucieus and chromosomal aberration ..............................293

Glyphosate and glyphosate salts ............................................ 293
Glyphosate-based formulations ................................................  298

Rodent dominant lethal........................................................................... 300
Non-mammalian assays................................................................................. 301

Glyphosate and glyphosate salts ......................................................301
Glyphosate-based formulations ...........................................................301

DNA damage................................................................................................................302
In vitro mammalian cell assays .............................................................  302

Glyphosate and glyphosate salts ......................................................302
Glyphosate-based formulations ...........................................................304

In vivo mammalian assays..........................................................................  305
Glyphosate and glyphosate salts ......................................................305
Glyphosate-based formulations ...........................................................305

Non-mammalian assays................................................................................. 305
Glyphosate and glyphosate salts ......................................................305
Glyphosate-based formulations ...........................................................305

Significance of DNA damage endpoint results ..............................  307
Genotoxicity weight of evidence conclusions ......................................... 308
Acknowledgements.....................................................................................................310
Declaration of interest ..........................................................................................3 1 1
References .......................................................................................................................311

Introduction
Glyphosate is an active ingredient (a.i.) in very widely used 
herbicide formulations. Accordingly, the toxicity of glypho
sate and glyphosate-based formulations (GBFs) has been 
extensively studied. An earlier extensive review of glyphosate 
and glyphosate formulation safety and risk assessment 
included descriptions and analyses of genetic toxicology 
studies of glyphosate and Roundup “ -branded and other
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Abbreviations
a,e,, acid equivalents
a.i., active ingredient
CB MN, cytokinesis block micronucleus
GBF, glyphosate-based formulation
i.p., intraperitoneal
MN, micronucleus
MN PCE, micronucleated polychromatic erythrocyte 
NCE, normochromatic erythrocyte 
PCE, polychromatic erythrocyte 
p.o., oral administration 
SCE, sister chromatid exchange 
SCGE, single cell gel electrophoresis (Comet assay) 
OECD, Organization for Economic Co-operation and 

Development
S9, 9000xg liver homogenate supernatant 
UDS, unscheduled DNA synthesis.

glyphosate formulations (Williams et al., 2000). These studies 
included a wide variety of test systems and endpoints. 
Subsequent to this review a number of genotoxicity studies of 
glyphosate and GBFs have been published in the literature. 
Additionally, there are large number of genetic toxicology 
studies of glyphosate and GBFs sponsored by companies that 
were not included in the previous review. The number and 
diversity of these studies warrant careful examination and 
integration of their findings with previous results to produce 
an updated assessment of the overall genotoxicity profile 
for glyphosate and a genotoxicity profile that is typical of 
the GBFs.

Identification and analysis of published studies
The published studies for review consideration were identified 
by literature searches for published reports containing 
references to glyphosate that also contained searchable 
terms which indicated that genotoxicity studies were per
formed. Details of search procedures are provided in the 
“ online supplementary material’’. Each identified publication 
was evaluated to verify that it contained original results of one 
or more experimental genotoxicity studies on glyphosate or 
GBFs. Monitoring studies are not included in this review. 
Emphasis was placed on publications in peer-reviewed 
journals. Abstracts or other sources with incomplete infor
mation were not considered. Reviews without original data 
were not considered for the evaluation; however, these 
reviews were examined to determine if there were any cited 
publications that had not been detected in the literature 
searches.

Each relevant publication was examined using several 
criteria to characterize the scientific quality of the reported 
genetic toxicology studies. Useful, objective criteria for this 
purpose were international guidelines for genetic toxicology 
studies formulated by expert groups. These include principles 
for conducting studies, reporting results, and analyzing and 
interpreting data. Some of the principles of the guidelines are 
generally applicable to all studies, while others arc specific 
for a particular type of test system and endpoint. Some of the

specific types of studies encountered in the review do not yet 
have international guidelines; however, some of the guideline 
elements should be generically applicable to these studies. 
The guidelines for genetic toxicology tests developed for the 
Organization for Economic Co-operation and Development 
(OECD) are a pre-eminent source of internationally agreed 
guidelines. Other international and national guidelines for 
regulatory genetic toxicology testing are usually concordant 
with the OECD guidelines. The “ online supplementary 
material’’ contains a summary table of some key OECD 
guideline criteria that were found to be relevant to the analysis 
of the studies considered in this review.

Comparison of the published studies to the criteria in 
guidelines used for regulatory purposes does not represent an 
absolute judgment standard but can provide a way for 
evaluating the quality of the protocols used in various 
published studies. Some of the criteria are rarely met in 
scientific publications and should be given little or no weight 
in evaluating the studies. For example, data for individual 
cultures and individual animals are not commonly included in 
publications in scientific journals. These data are presumably 
collected but are usually summarized as group means with a 
measure of variance for the treatment and control groups. 
This is not considered to be a significant omission in a 
scientific publication. Flowever, other guideline features are 
more essential as scientific quality standards and should be 
considered as having greater weight in evaluating a study. For 
example, there are consistent recommendations that assays 
involving visual scoring (e.g. chromosomal aberration, 
micronucleus and sister chromatid exchange (SCE) endpoints) 
should use slides that are independently coded so that scoring 
is performed without any knowledge of the treatment or 
control group being scored. This guidance is good scientific 
practice and studies that do not explicitly include a descrip
tion of coding or “ blind” scoring in the methodology would 
appear to have a deficiency either in the methodology, or 
perhaps a limitation in the description of the methodology 
used if coding was actually used and either not indicated or 
was assumed to be indicated by a reference citation. Other 
examples of guideline features that have clear experimental 
scientific value are the use of concurrent negative and positive 
controls and concurrent measurement and reporting of 
toxicity endpoints in main experiments, especially in 
in vitro mammalian cell assays.

Review and analysis of sponsored regulatory studies
Reports of sponsored genetic toxicology studies were 
provided by the companies. The studies were sponsored by 
companies for regulatory purposes and were conducted at in
house or contract toxicology laboratories. For brevity, the 
industry-sponsored regulatory studies will be subsequently 
referred to as regulatory studies.

Each study examined was stated to have been conducted in 
accordance with Good Laboratory Practice (GLP) standards 
with almost all studies citing the OECD Principles of Good 
Laboratory Practice (OECD GLP, 1982, 1997). Reports also 
cited compliance with various national and regional GLP 
Guidelines (e.g. European Commission GLP Directives 
87/18/EEC or 88/320/EEC; U.S. Environmental Protection
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Figure 1. Chemical slruclure of glyphosate, (N-(phosphonomethyl)gly- 
cine, CAS 1071-83-6): (a) neutral form; (b) ionic form.

Agency Good Laboratory Practice Standards, 40 CFR Part 
160; Japanese Ministry of Agriculture, Forestry, and Fisheries 
(MAFF) Good Laboratory Practice Standards, I 1 Nousan No. 
6283). Variations from GLPs were considered not to have 
significantly impacted the study results.

Almost all the studies were reported to have been 
conducted in accordance with the relevant OBCD test 
guidelines applicable at the time of the study. Study reports 
were examined to determine that the protocols and 
experimental methods for the report were consistent with 
the OECD guidelines and any deviations were noted and 
considered. Report data were examined to confirm the 
conclusion of the report regarding whether treatment-related 
activity had been observed.

Glyphosate structure activity analysis
Glyphosate consists of the amino acid glycine joined with a 
phosphonomethyl group (Figure 1). Glyphosate was evaluated 
for mutagenic structural alerts using Derek for Windows 
software (Llhasa Ltd., Leeds, UK, Version 11.0.0, 24 October 
2009). No structural alerts were identified for chromosomal 
damage, genotoxicity, mutagenicity or carcinogenicity. The 
structural components of the glyphosate molecule are not 
known to be genotoxic; therefore, the lack of structure activity 
alerts for glyphosate was expected.

GBF compositions
Glyphosate-based formulations are herbicide formulations 
which, by definition, contain the a.i. glyphosate typically in a 
salt form (e.g. isopropylamine or potassium glyphosate), but 
the % glyphosate may be expressed in acid equivalents (a.e.) 
as percent weight of glyphosate acid without the counter ion. 
In addition to the a.i., other compounds are included in the 
formulation to help achieve or improve the herbicidal activity 
for the desired application. A very common functional 
component, especially for terrestrial applications, is a com
pound (or compounds) with surfactant activity that enables 
better penetration of the a.i. through leaf surfaces. Because 
formulation compositions are considered proprietary, their 
specific compositions are not generally indicated in literature 
reports and are not publicly available for regulatory studies. 
GBF test materials are usually identified with names or 
designations and should include either % a.i. or a.e. detail.

It should be noted that a common problem encountered in 
the published literature is the use of the terms “ glyphosate", 
“ glyphosate salt" or “Roundup” to indicate any kind of GBF 
that contains additional components such as surfactants.

Published results from studies with different formulations 
have sometimes been incorrectly or inappropriately attributed 
to the a.i. The original Roundup™-branded formulation 
(MON 2139), containing 41% isopropylamine glyphosate 
salt and 15.4% MON 0818 (a polyethoxylated tallowamine 
based surfactant blend), is no longer sold in many markets. 
However, other GBFs are sold under the Roundup™ brand 
name with varying glyphosate forms, concentrations and 
surfactant systems. Clear identification of the test material is 
very important in toxicology studies because the toxicity of 
formulations can be dramatically different from the a.i. The 
fact that test materials identified as Roundup™-branded 
formulations may actually have different compositions 
should be considered when comparing results of different 
studies, as should the possibility that any observed effects 
may be due to specific GBF components other than the 
glyphosate active ingredient.

Gene mutation endpoint
Bacterial reversion assays
Glyphosate and glyphosate salts

As reviewed by Williams et al. (2000), six reports of bacterial 
reversion assays for glyphosate were all negative. No reports 
of bacterial reversion assays for glyphosate were encountered 
in the subsequent literature.

A large number of regulatory bacterial reversion assays 
have been conducted on technical glyphosate and glyphosate 
salt solutions. These 18 assays are presented in Table 1. 
Summary data tables and associated information for the 
regulatory studies are available in “ online supplementary 
material” . Methodology and experimental design for these 
studies was generally in compliance with OECD Guideline 
471 (OECD 471, 1997) for studies conducted in or after 1997. 
The previous guidelines (OECD 471, 1983, for Salmonella 
strains; OECD 472, 1983, for Escherichia coli strains) were 
used for studies conducted before 1997. All of the assays 
employed a core battery of Salmonella typhimurium test 
strains (TA98, TA100, TA1535 and TA1537 or I’A 97a) and 
most of the assays employed additional 5. typhimurium 
TA102 or E. coli WP2-derived strains to detect oxidative and 
cross-linking effects as recommended in OECD 471 (1997). 
Limitations for some of the studies included three studies 
using larger than half-log dose level spacing and some studies 
did not employ a confirmatory assay. One study used positive 
controls not requiring exogenous metabolic activation for two 
strains in the presence of S9 (9000xg liver homogenate 
supernatant). Although this may be considered as a defi
ciency, in that the activity of the S9 was not thoroughly 
checked, it is only in one of the 18 studies. The top 
concentration employed in the assays ranged from 1000 to 
5000 pg/plate with most of the studies using the OECD 
guideline limit dose of 5000 pg/plate. With only a couple of 
exceptions, the top dose tested produced the toxicity as 
evidenced by thinning of the background lawn, reduction in 
rcvcrtants/plate or both.

None of the studies exhibited revertants/plate exceeding 
threshold criteria for a positive response: greater than three 
times the control value for strains with low spontaneous

RM 000065



Table I. Bacterial reversion assays.

Test material/Solvent* Strainsf S9j: Method

Treatment*]

Maximum Com§ Toxicity

Results|j

Mutagenicity References

Glyphosate and glyphosate salts
Regulatory studies 
G (98.6%) (W) 0,9.5,7 AR 4% (PI) PI, PR 2500 gg (-S9) c T(R) neg Jensen (1991a)

G (96.0%) (W) 0,9,5.7,8
6.6% (PR) 
AR 10% PI

5000 gg (+S9) 
lOOOgg >HL, C, P T(R) ncg# Suresh (1993a)

G (95.68%) (W) 0,9,5,7,PU PBR 10% PR 5000 jig C T(R) neg Akanuma (1995b)
G (95.6%) (D) 0,9.5,7,PK.PUK PNR 10% PI, PR 5000 jig C T(R) neg** Callander (1996)
G (95.3%) (W) 0.9.5.7.PU AR 10% PI 5000 jig C T(R) neg Thompson (1996)
GK (60%) (W) 0,9,5,7,PK,PUK PNR 10% PI. PR 5000 gg C T(R) negtt Callander (1999)
GI (612.7 g/kg) (W) 0,9,5,7 a AR 10%f PI 5000 gg >HL, S T(R) negit Ranzani (2000)
G (95.1%) (W) 0,9,5,7,PU PNR 10% PI. PR 5000 jig c T(R) neg Sokolowski (2007a)
G (97.7%) (W) 0,9,5,7,PU PNR 10% PI, PR 5000 gg C PI,T(BR) neg Sokolowski (2007b)

G (95.0%) (W) 0,9,5,7,PU PNR 10% PI, PR 5000 jig c
PR,T(R)
PI,T(BR) neg Sokolowski (2007c)

G (980.1 g/kg) (D) 0,9,5,7,2 AR ?% PI 5000 jig s
PR.T(R)
N n e g li Ribeiro do Val (2007)

G (980.5 g/kg) (D) 0,9,5,7a,2 AR 5% PI lOOOgg >HL. S T(R) neg§§ Miyaji (2008)
G (98.8 % w/w) (W) 0,9,5,7,2 AR 5% PI, PR 3160 jig C T(BR) negli II Flügge (2009a)
G (96.66% w/w) (D) 0,9,5.7,PU PNR 10% PI, PR 5000 gg C T(R) neg Sokolowski (2009a)
G (96.3%) (W) 0,9,5,7,PK,PUK PNR 10% PI, PR 5000 jig C T(R) neg Sokolowski (2009b)
G (96.4%) (W) 0,9,5,7,2 AR 5% PI, PR 3160pg C T(BR) negli II Flügge (2010b)
G (96.0%) (D) 0.9.5.7.PU PNR 5% PI, PR 5000 pg c T(R) neg Schreib (2010)
G (982 g/kg) (D) 0,9,5,7,2 PNR 5% PI, PR 5000 gg c PI,T(BR) neg Wallner (2010)

GBFs
Literature study 
Perzocyd 10 SL (?)## 0,9,7a.2 AR ?%## PI 200 gg?## ?##

PR,T(R)

°## neg## Chruscielska et al. (2000)

Regulatory Studies
MON 78239 (36.6%a.e. GK) (W) 0,9,5,7,PU AR 10% PI 3330gg (—S9)$ c T(BR) negA Mecchi (2003a)

MON 78634 0,9,5,7,PU AR 10% PI
5000 gg ( +  S9) 
3330 gg$ c T(BR) neg Mecchi (2003b)

(65.2%a.e. GA) (W) 
FSG 3090-H1 0,9,5,7,2 AR 5% PI. PR 316 jig (PI, P R -S 9 ) c T(BR) neg Uhde (2004)
(360 g/L G) (W) 
MON 78910 0,9,5.7.PU AR 10% pi

100gg (PR —S9) 
3330gg(—S9) c T(BR) neg Xu (2006)

(30.3%a.e.) (W)
MON 79672 (68.2%a.e. GA) (D) 0,9.5,7,2 AR? 4% pi

5000 gg (+S9)
2000 gg >HL, S T(R) ncg Lope (2008)

MON 79864 (38.7%a.e.) (W) 0,9,5.7,PU AR 10% pi 5000 jig C T(BR) neg Mecchi (2008a)
MON 76313 (30.9%a.e.) (W) 0,9,5,7,PU AR 10% p i 5000 gg C T(BR) neg Mecchi (2008b)
MON 76171 (31.1%a.e.) (W) 0,9,5,7,PU AR 10% pi 5000 gg C T(BR) neg Mecchi (2008c)
Glyphosate liquid formulation (480 g/L GI) (W) 0,9,5,7,2 AR 5% p i 200 gg s N neg Camolesi (2009)
MON 76190 (53.2%a.c. GM) (D) 0,9,5,7,2 AR? 4% pi 2000 gg >HL, S T(R) neg Catoyni (2009)
MON 79991 (71.6%a.e.) (W) 0,9,5,7,PU AR 10% p i 5000 gg C T(R) nes Mecchi (2009a)
MON 76138 (38.5%a.e.) (W) 0,9,5,7,PU AR 10% pi 5000 gg c T(BR) neg Mecchi (2009b)

Ccontinued )
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Table 1. Continued.

Test material/Solvent* Strainsf S9f Method

Treatment^

Maximum Com§

Results ||

Toxicity Mutagenicity References
MON 77280 (495.29 g/La.e.) (W) 0,9,5,7,2 AR 5% PI 200 jig s N neg Camolesi (2010)
TROP M (Glyphosate 480) 0,9,5,7,2 AR 5% PI, PR 1000 ng (PI) c T(BR) neg Flugge (2010a)
(48.46% GI) (W) 31.6 jig (PR)
Glyphosate 757 g/kg granular form (76.1% GA) (W) 0,9,5,7,2 AR 5% PI, PR 100 jig (PI) c T(BR) neg Fluggc (2010d)

10 jig (PR)

♦Test material and solvent used: G, glyphosate technical (acid); GK potassium salt of glyphosate; GI, isopropylamine salt of glyphosate; GA, monoammonium salt of glyphosate, First entry in () for glyphosate or 
glyphosate salts indicates purity or concentration. First entry in ( ) for GBFs indicates active ingredient, if available, and ingredient concentration, a.e, after % indicates concentration is in acid equivalents. 
Second entry in ( ) indicates test material solvent: (W), water; (D), dimethyl sulfoxide.

fTest strains used: 0, TA100; 9, TA98; 5, TA1535; 7, TAl537;7a. TA97a; 2, TA102; 8, TA1538; PU, E. coli WP2 (uvrA); PUK, E. coli WP2 [pKMIOl]: PK, E. coli WP2 [pKMIOl].
JS9 metabolic activation system: AR, Aroclor-induced rat liver; PNR, phénobarbital- and napthoflavone-induced rat liver; PBR, phénobarbital- and benzoflavone-induced rat liver; percentage number indicates 

percentage of S9 in S9 Mix.
•"Treatment conditions: Method -  treatment methodology: PI, plate incorporation: PR, preincubation. Maximum -  maximum amount per plate tested. In some cases differences between treatment conditions were 

used as indicated.
§Comments on assay:. >HL, more than half-log (VlO) for one or more dose intervals: C, confirmatory experiment reported: S, single experiment reported; P, positive controls that didn’t require S9 were used for 

two strains (TA 1535 and TA 1537) with S9.
|¡Results reported for:
Toxicity: T, toxic effects at maximum concentration or lower; (R), reduced revertants/plate; (B), reduced background lawn; (BR), reduced revertants/plate and background lawn: N, no toxic effects.
Mutagenicity: overall judgment of assay result for test material: neg, negative; individual study increases in revertants/plate or statistical findings are indicated as individual footnotes.
#Statistically significant increase for TA 100 (+S9) reported in text but not indicated in data tables. Increases were less than two-fold over control and judged not to indicate a trealmenL-related effect.
**Statistically significant increases in revertants/plate in one experiment for TA100 +S9, WP2 [pKMIOll +S9, TA98 -S 9  and WP2 (pKMIOl) -S9. Increases were less than two-fold, not reproducible in 

separate experiments and not consistent with a dose-response (e.g. occurring at mid-dose levels). Increases were less than two-fold over control and judged not to indicate a treatment-related effect.
ft Statistically significant increases in revertants/plate for several strain/S9 combinations. Increases were all less than two-fold over control values, not reproducible and not consistent with a dose-response and 

judged not to indicate treatment-related effects.
U Statistically significant increases in revertants/plate for TA98 +S9 and TA 100 +S9. Increases were all less than two-fold, not consistent with a dose-response and judged not to indicate treatment- related 

effects.
^•{Statistically significant ANOVA with increases for lowest dose levels for TA 1537 +S9. Increases were all less and two-fold, not consistent with a dose-response and judged not to indicate treatment- related 

effects.
§§StatisticaIly significant increases tor TA98 4 S9 (low to mid doses) and for TA 100 4-S9 at one dose. Increases were judged not to indicate treatment-related effects because they were less and two-fold and not 

consistent with a dose—response.
¡HIStatistical analysis suggested in text but not clearly evident in data tables.
##Not clearly indicated in the publication. Numerical data for revertants/plate not presented but summarized as ** for the lack of mutagenic activity.
$5000 pg/plale maximum dose level for WP2«vrA -S9 and in one experiment for TA98 and TA1535 —S9 (Mecchi, 2003a).
ASeveral dose levels exceeded control revertants/plate by more than three-fold in one experiment for TA98 -S 9  and TA 1535 -S9. There was no dose-response and the result was not observed in a second 

experiment. The result was considered due to a low control values rather than a treatment-related response.
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revertants/plate (TA1535 and TA1537) or exceeding two times 
the control value for the other strains (Kier et al., 1986). Some 
studies reported statistical effects. However, none of these 
cases involved as much as two fold elevations in revertants per 
plate and the observations were not consistent with biologically 
plausible dose-responses. In cases with repeated experiments, 
any increases in revertants/plate were generally not reprodu
cible between experiments. Therefore, none of the statistically 
significant effects were judged to indicate mutagenic activity of 
the test material. Thus, all of the 18 bacterial reversion studies 
were concluded to be negative as judged by the absence of 
significant, reproducible, dose-related increases in revertants/ 
plate. These studies provide abundant weight of evidence that 
glyphosate and glyphosate salt solutions are negative in 
bacterial reversion assays under experimental conditions that 
generally satisfy the OECD guidelines.

Glyphosate-based formulations

As reviewed by Williams et al. (2000) most bacterial 
reversion studies (Ames/Salmonella test strains) for GBFs 
were negative. Four studies reported negative results for 
Roundup™-, Rodeo™- and Direct™-branded GBFs. A 
reported positive Ames/Salmonella result for a 
Roundup ™-branded formulation was not replicated in 
these studies.

Subsequent to the Williams et al. (2000) review only one 
published GBF bacterial reversion assay was reviewed 
(Table 1). This publication reported a negative Ames/ 
Salmonella assay result for a GBF of undefined glyphosate 
composition, Percozyd 10 SL (Chruscielska et al., 2000). 
Although this result is consistent with the majority of negative 
Ames ¡Salmonella results for GBFs, the reported study results 
have significant limitations. One of the recommended test 
strains, TA1535, was not used and results were only presented 
as “ —” without a presentation of revertants/plate data.

A large number of regulatory bacterial reversion assays 
have been conducted on GBFs. These are presented in Table 1 
with summary data tables in “ online supplementary material’'. 
Methodology and experimental design for these studies was 
generally in compliance with the OECD Guideline 471 (OECD 
471, 1997) and with other guidelines. However, two of the 
studies used some dose level spacings that were larger than the 
recommended maximum half-log spacing and four studies did 
not employ a confirmatory assay. All of the assays employed a 
core battery of S. typhimurium test strains (TA98, TA100, 
TA1535 and TA1537) and employed an additional S. 
typhimurium TA102 or E. coli WP2-derived strain to detect 
oxidative and cross-linking DNA effects as recommended in 
OECD 471 (1997). The top concentration employed in the 
assays ranged from 100 to 5U00pg/plate for plate 
incorporation methodology. With only two exceptions the top 
dose tested produced the toxicity as evidenced by thinning of 
the background lawn, reduction in revertants/plate or both. For 
the two exceptions, the toxicity was noted at higher concen
trations per plate in rangefinder assays but the toxicity was not 
noted for the maximum dose selected for the mutagenicity 
assays.

Only one of the studies exhibited revertants/plate for some 
strains exceeding up to three-fold of the control value (Mecchi
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et al., 2003a). However, these increases were not reproducible 
between experiments and did not exhibit a dose-response 
pattern. These results were therefore judged to be due to low 
vehicle control revertants/plate and not to indicate treatment- 
related mutagenic activity. All of the 15 regulatory bacterial 
reversion studies of GBFs were concluded to be negative as 
judged by the absence of significant, reproducible, dose- 
related increases in revertants/plate. These studies provide 
abundant weight of evidence that a variety of GBFs are 
negative in properly conducted bacterial reversion assays.

In  v it ro  mammalian cell assays
Glyphosate and glyphosate salts

As reviewed by Williams et al. (2000), a CHO/HGPRT 
in vitro mammalian cell gene mutation assay was reported 
negative for glyphosate when tested up to toxic dose levels of
22.5 mg/mL ( «  133 mM), i.e. well above the current top limit 
of 10 ntM (appropriate for glyphosate and glyphosate salts), in 
the presence and absence of mammalian metabolic activation.

Two regulatory mouse lymphoma tk locus gene mutation 
studies were reviewed (Table 2 and “ online supplementary 
material’’). One study was conducted according to the 1984 
OECD guideline for in vitro mammalian gene mutation assays 
(Jensen, 1991b; OECD 476, 1984). Somewhat fewer cells 
were exposed (3 x 105 —S9, 1.8 x 10s +  S9) than the 106 cells 
recommended in the updated OECD guideline (OECD 476, 
1997) but this was not considered as a significant deficiency. 
Cells were exposed at four concentrations up to 4200 pg/mL 
with S9 («24.8 mM) or 5000pg/mL without S9 («
29.6 mM). Although no toxic effects (reduction in cloning 
efficiency) were seen on day 0 or day 2, these dose levels 
exceed the currently recommended upper dose level of 10 mM 
(1.69 mg/mL for glyphosate) for relatively non-toxic test 
materials (OECD 476, 1997). It should be noted that most 
OECD guidelines for in vitro mammalian cell genotoxicity 
assays specify an upper limit dose for soluble, relatively non
toxic substances of 10 mM or 5 mg/mL, whichever is lower. 
The lower and appropriate upper limit dose for glyphosate and 
glyphosate salts is 10 mM. A second study conducted later 
followed several updated recommendations for in vitro mam
malian cell gene mutation assays adopted in 1997 (Clay, 
1996; OECD 476, 1997). These included the use of at least 
106 cells in exposed cultures and consideration of test 
material effects on pH and osmolality. The latter consider
ation proved to be important because concentrations of 1500 
and 2000 pg/mL («8.9-11.8 mM) produced large (>1 pH 
unit) decreases in pH and the maximum dose level employed 
for mutation measurement (1000 pg/mL, «5.9mM ) was 
appropriate to avoid excessive effects on pH. This dose 
level did not produce effects on the day 0 cloning efficiency. 
Although three dose levels were used in the initial 
experiment, four dose levels (as recommended in OECD 
476, 1997) were used in the confirmatory experiment.

Both of the regulatory mouse lymphoma studies were 
negative for glyphosate when tested up to dose levels that 
either exceeded the current limit dose or avoided excessive 
pH effects. These negative results provide important corrob
oration of a lack of gene mutation activity in the earlier 
negative CHO/HGPRT study. They also indicate a lack of

Cril Rev Toxicol. 2013; 43(4); 28.1-315
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Table 2. In vitro mammalian cell assays of glyphosate, glyphosate salt solutions and GBFs.

_____________________ Treatment*]________________________________________  Results

Time||

Cell
Test material* Endptf typef S9§ —S9

Gene mutation
Glyphosate and glyphosate salts
Regulatory studies 
G (98.6%) (M) TK ML

AR 30%

4 (48)

G (95.6% w/w) (D) TK ML PNR 5% 4 (48)

Chromosomal aberration or micronucleus
Glyphosate and glyphosate salts
Literature studies 
GI (62%) (W) CB MN BL none 24

CB MN BL none 48
GI (62%) (W) CB MN BL AR 10% 2 (20?)

CB MN BL none 48
GI (62%) (W) CA (1) BL none 24
GI (62%) (W) CA BL none 24

G (96%) (M) CA HL none 48
G (98%) (P) CB MN HL 4 (72?) $

CB MN HL H 10%

G (98%) (P) CB MN HL

H 10%

4 (72?) $

G (95%) (M) CB MN TR 146 none 20min. (48)

Regulatory studies
G (95.3% w/w) (M) CA CHL AR 5% 6 (24), 

24. 48
G (95.6%) (M) CA HL PNR 25% 20

44

Dose levels/ 
Replicates./

-S 9 Ind. expts. # Maximum dose** pH tt Scorefî Tox*I«f Mutagenicity§§ References

4/2/C 5000 pg/mL 
(«29.6m M )

NI NA C E - neg Jensen (1991b)

3 (48) 4/2/C 4200 pg/mL 
(*24.8m M )

NI NA C E - neg

4 (48) 3 and 4/2/C 1000 pg/mL
(2t 5.9 mM)

PH NA R S - neg Clay (1996)

5/7/C 0.56 mM NI 1000BN (NC) CBPI — neg Piesova (2004)
5/?/C 0.56 mM NI 1000BN (NC) CBPI — equiv l[ |f

2 (20?) 5/7/C 0.56 mM NI 1000BN (NC) CBPI — neg Piesova (2005)
5/?/C 0.56 mM NI I000BN (NC) CBPI — equiv II II
6/7/C 1.12 mM NI 350-900 M (NC) NI neg## Holeckova (2006)
6/7/C 1.12 mM NI 100M (NC) MI+ neg Sivikova &

Dianovsky (2006)
3 (>HL)/?/C 6 mM pHa 100M M I- neg Manas et al. (2009)
5 (>HL)/2/C 5 80 pg/mL pHa 1000BN (NC) EA+ equivA Mladinic et al.

(«3 .43  mM) NE+ (2009a)
NB+
CBPI—

4 (72?) $ 5 (>HI.)/2/C 5 80 pg/mL pHa 1000BN (NC) EA+ pos
(«3.43 mM) NE+

NB +
CBPI—

5 (>HL)/2/C 580 pg/mL pHa 2000BN (NC) CBPI— cquivAA Mladinic et al.
(«3.43 mM) NB+ (2009b)

4 (72?) $ 5 (>HL)/2/C 580 pg/mL pHa 2000BN (NC) CBPI— pos
(3.43 mM) NB+

3/3/S 20mg/L NI >3000BN (NC) AP pos Koller et al, (2012)
(¿0 .12  mM) NEA

NB+

6(24) 3/2/S 1250 pg/mL pH 200 M R G - neg Wright (1996)
(«7.39m M )

3 (20) 3 (>HL)/2/C 1250 pg/mL pH 200 M M I+(-S9) neg Fox (1998)
(«7.39m M )

3 (44) 1/2/S 1250 pg/mL pH 200 M M I- neg
(2=7.39 mM)

{continued )
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Table 2. Continued.

Treatment^_________  Results

Time)!

Dose levels/
Cell Replicates./

Test material* Endptf type| S9§ —S9 +S9 Ind. expts. # Maximum dose** P « tt Scored T o x ll Mutagenicity§§ References
G (95.68%) (H,M) CA CHL PBR 30% 6 (24) 6(24) 3/2/S 1000 pg/mL pHn 200 M M I- neg Matsumoto (1995)

(sz5.92mM)
24 3/2/s 500 pg/mL pHn 200 M M I- neg

( sr 2.96 mM)
48 3/2/s 500 pg/mL pHn 200 M M I- neg

(x2.96mM )

GBFs
Literature studies 
herbazed (84% G)
(M)

CA MS none 24 3 (>HL)/5/S 50mM$$ NI 500 M V C - pos Amer ct al. (2006)

Roundup™ Ultra CB MN TR146 none 20 min (48) 3/3/S 20mg/L glyphosate NI >3000BN (NC) AP+ pos Roller et al. (2012)
Max (450 g/L G) (<s0.12mM) NE+
(M) N B -

*Test material and solvent used; G, glyphosate technical (acid); GK, potassium salt of glyphosate; GI. isopropylamine salt of glyphosatc; GA, monoammonium salt of giyphosate. First entry in ( ) for glyphosate 
indicates percent purity or concentration. First entry in ( ) for GBFs indicates active ingredient and ingredient concentration. Second ( )  entry indicates test material solvent: (W) water; (D) dimethyl sulfoxide; 
(M) culture medium; (H) Hanks balanced salt solution; (P), phosphate buffered saline.

f Assay endpoint: TK, gene mutation at the TK locus; CA, chromosomal aberration; CA (1), chromosomal aberration (FISH analysis of chromosome 1 for acentric fragments); CB MN, cytokinesis block 
micronucleus

tML, L5178Y mouse lymphoma: CHL, Chinese hamster lung; HL, human peripheral blood lymphocytes: BL, bovine peripheral blood lymphocytes; TR146, human buccal epithelial cell line; MS, mouse spleen 
cells

■jin cases where treatments differ in the presence and absence of exogenous metabolic activation treatment parameters are presented on separate lines,
§Type of S9 used with %S9 homogenate in S9 Mix indicated in (): AR, Aioclor-induced rat liver; PNR, phenobarbital/naphthoflavone-induced rat liver; PBR, phenobarbital/5,6-benzoflavone-induced rat liver; H, 

human liver; ?, S9 not clearly indicated; none, no experiments conducted with exogenous mammalian metabolic activation.
¡(Duration of treatment in hours with total time or times to harvest in hours from treatment in ( ) if treatment was not continuous, min indicates minutes of treatment for one study.
#First number: number of analyzable treatment dose levels with (>HL) indicating spacing between one or more treatment levels greater than half-log; second number: number of replicates cultures for each 

treatment with ? indicating that number of replicates is not clear; third character: C, confirmatory experiments reported for cell lines or multiple donors for lymphocytes; S, no confirmatory experiment reported.
**Maximum dose level tested and scored with calculated mM in ( ) for glyphosate.
^Assessment or consideration of pH effects of test material: NI, no measurement or control of pH reported; pH, large pH effects noted at higher concentrations and maximum set to minimize pH effects; pHn, 

effects on pH noted but not used to set maximum treatment concentration; pHa, pH adjusted.
j;$Number of cells or metaphases scored per treatment level/time point for chromosomal aberration and micronucleus assays. M, metaphases; BN, binuclcated cells. (NC) indicates that coding of slides for scoring 

was not explicitly indicated. In some cases coding was not explicitly indicated but may have been implied by a reference citation. NA, not applicable.
^M easurem ent of cytotoxicity with +  indicating effects on endpoint at one or more treatment levels and -indicating no effects on endpoint up to maximum treatment level:

CE, cloning efficiency: RS, relative survival: RG, relative growth; MI, mitotic index; CBPI, cytokinesis block proliferation index; EA, early apoptosis; NE. necrosis ; AP, apoptosis; NB, nuclear buds; LDH, 
LDH release (cell integrity); NR. neutral red (vital stain); VC, viable cell staining; NI, no concurrent cytotoxicity measurement reported.

§§ Evaluation of mutagenicity or chromosomal effects: neg, negative; pos, positive; equiv, equivocal. Evaluation different from publication or report indicated with individual footnote.
|| ||Statistically significant increases observed at a single different dose for each of two donors. Publications indicate dose responses were not observed and effects were weak or minimal with 48 h treatment,
##No positive control reported.
$Lymphocytes apparently treated before exposure to mitogenic stimulus.
ASmall increases in MN frequency in binucleate cells observed for a wide range of dose levels (3.5-580 pg/mL) but not statistically significant.
AANo statistically significant increases in MN frequency for any dose level. Statistically significant correlation observed between dose and MN frequency but approximately the same small increase was observed 

over a very wide range of doses (3.5-580 pg/mL) and this is considered to be questionable as a biologically plausible dose response.
$$Calculated from the stated concentration of 5 x 10-5 M glyphosate/mL.
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induction of effects such as large deletions in DNA that may 
be detected in the autosomal tk locus assay (Aaron et al., 
1994).

Glyphosate-based formulations

No in vitro mammalian cell gene mutation assays of GBFs 
were observed in the published literature or the regulatory 
study reports.

Other non-mammalian assays
Glyphosate and glyphosate salts

No gene mutation assays on glyphosate other than bacterial 
reversion or in vitro mammalian test systems were reported in 
Williams et al. (2000) or as regulatory studies. A positive 
result for glyphosate was reported in the Drosophila wing spot 
assay which can indicate both gene mutation and mitotic 
recombination endpoints (Kaya et al., 2000). Small increases 
in small wing spot frequencies were observed in one of four 
crosses of larvae treated with up to 10 rnM («1.69 mg/mL) of 
glyphosate. Negative or inconclusive results were observed 
for the other crosses. The lack of a positive response in the 
balancer-heterozygous cross offspring, which are insensitive 
to mitotic recombination events, suggests that there is no 
evidence for effects on gene mutation endpoint events such as 
intragenic mutations or deletions in this publication.

Glyphosate-based formulations

Williams et al. (2000) described one report of a positive result 
for a GBF in the Drosophila sex-linked recessive lethal assay 
but this was contradicted by a negative result for the same 
GBF in this assay reported by another laboratory. Further, the 
positive study had some features that hampered interpretation, 
including the lack of concurrent negative controls (Williams 
et al., 2000). No non-mammalian cell gene mutation assays of 
GBFs other than bacterial reversion assays were observed in 
the published literature or the regulatory study reports.

Chromosomal effects endpoints
In  v itro  mammalian cell assays
Glyphosate and glyphosate salts

Two human and one bovine in vitro peripheral lymphocyte 
chromosomal aberration studies of glyphosate were considered 
in the earlier review (Williams et al., 2000). One human 
lymphocyte in vitro study had negative results for glyphosate 
tested up to 0.33 mg/mL and 0.56 mg/mL (« 2 -3  mM) in the 
absence and presence of an exogenous mammalian activation 
system, respectively. The other two studies with human and 
bovine lymphocytes and no metabolic activation system 
reported positive results at concentrations more than two 
orders of magnitude lower. The reasons for the conflicting 
results are unclear, but the Williams et al. (2000) review noted 
several unusual features about the positive studies including an 
unusual exposure protocol and discordant positive results for 
another chemical found negative in other laboratories.

Subsequent to the Williams et al. (2000) review, four 
publications have reported results for glyphosate salt solutions 
using cytokinesis block micronucleus (CB MN) or

chromosomal aberration endpoints with cultured bovine 
lymphocytes (Table 2). These publications used a test 
material reported as 62% by weight isopropylamine salt of 
glyphosate from a Monsanto source. This test material 
appears to be a manufacturing batch of the isopropylamine 
salt of glyphosate in water without surfactants, which is not 
sold as a formulation. In two publications from one labora
tory, no statistically significant increases in the frequencies of 
micronucleated binucleate cells were observed following the 
treatment with up to 560pM («94.7pg/m L acid equivalent, 
a.e.) for 24 h in the absence of S9 (Piesova, 2004) or 2 h in the 
absence and presence of a mammalian metabolic activation 
system (Piesova, 2005). These two studies report a 
statistically significant increase in micronucleus frequency 
with 48 h of treatment without S9 in one donor at 280 pM 
(«47.3 pg/mL a.e.) but not at 560 pM and in a second donor 
at 560 pM but not 280 pM. The lack of a consistent response 
pattern between donors suggests that the results after 48 h of 
treatment are questionable. Two other publications found 
negative results for the chromosomal aberration endpoint in 
cultured bovine lymphocytes with what appears to be the 
same isopropylamine glyphosate salt solution (Holeckova, 
2006; Sivikova & Dianovsky, 2006). Both of these studies 
used a maximum concentration of 1.12mM («0.189 mg/mL 
a.e.), which was reported to induce a decrease in mitotic index 
of >50%. and treatments of 24 h without S9. These two 
studies have several limitations including no use of an 
exogenous mammalian metabolic activation system. In add
ition, Holeckova (2006) only examined effects detectable by 
staining of chromosome 1 and apparently did not use a 
positive control. These four studies consistently indicated the 
lack of chromosomal damaging effects in bovine lymphocytes 
in the absence of metabolic activation following up to 24 h of 
exposure to 0.56-L12mM ( «  0.094-0.189 mg/mL a.e.) con
centrations of glyphosate isopropylamine salt.

Three publications reported testing of technical glyphosate 
for micronucleus or chromosomal aberration endpoints in 
cultured human lymphocytes (Table 2; Manas et al., 2009; 
Mladinic et al., 2009a,b). The treatment schedule of the 
Mladinic et al. publications is not clear. Although standard 
procedures for human lymphocyte assays recommend the 
treatment of exponentially growing cells at 44^18 h after 
mitogenic stimulation (OECD 487, 2010), the methodology 
described in the Mladinic et al. publications suggests that the 
4h treatment took place before mitogen stimulation. The 
cultures were then centrifuged and washed before mitogen 
was added. Thus, only non-dividing cells would have been 
exposed and this is clearly not in accordance with the OECD 
guideline. It is also unclear how long the cultures were 
maintained after the treatment. It appears that they may have 
been cultured for 72 h after the treatment, which suggests that 
the cells would have passed through the required 1.5-2 cell 
cycles after reaching the exponential growth (OECD 487, 
2010) even though it appears they were not exposed during 
the exponential growth. Negative or equivocal results for the 
micronucleus and chromosomal aberration endpoints were 
observed in the absence of exogenous metabolic activation 
(S9) in all three publications. The maximum exposure 
concentration in the absence of S9 was in the range of 
3 -6 mM («0.51-1.01 mg/mL) in these studies.
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In contrast to the cultured bovine and human lymphocyte 
results, Koller et al. (2012) reported positive results for 
glyphosate in a CB MN assay using cultured human buccal 
epithelial cells in the absence of S9. Limitations of this study 
include no explicit indication of coding of slides or control of 
pH. However, pH effects would probably not have been 
observed at the concentrations used. Statistically significant 
effects were observed at treatment levels of 15-20mg/L 
(«0.09-0.12mM) for 20 minutes. Statistically significant 
effects on nuclear morphology (nuclear buds and nucleoplas- 
mic bridges) were observed at 10-20mg/L and statistically 
significant increases in apoptosis and necrosis were observed 
at 20mg/L. The concentrations and exposure times reported 
as producing effects in this study are substantially lower than 
the upper dose levels and exposure times used in the 
previously discussed studies. The results for this discrepancy 
are not clear, although Koller et al. (2012) suggest that 
epithelial cells may be more sensitive to the effects of 
glyphosate than cells of the hematopoietic system such as 
lymphocytes. It should be noted that negative genotoxicity 
results have been observed in a number of regulatory in vitro 
mammalian cell genotoxicity studies using cultured cells 
other than lymphocytes (mouse lymphoma and CHL cells).

Mladinic et al. (2009a,b) reported increases in 
micronucleated cells using the cytokinesis-block method in 
cultured human lymphocytes exposed to glyphosate for 4 h in 
the presence of an exogenous human liver metabolic activa
tion system (S9). As discussed above, the methodology used 
in these studies is unclear, but it appears that cells were 
treated before mitogenic stimulation and cultured for 72 h. In 
both publications, a statistically significant increase in 
micronuclei was observed with S9 at the highest dose level 
of glyphosate tested (580 pg/mL, «3.4mM), but how this 
could be possible when undividing cells were exposed is 
unclear. Increased proportions of centromere- and DAPI- 
positive micronuclei were observed for the high-dose with S9 
suggesting that the induced micronuclei were derived from 
chromosome loss rather than chromosomal fragments. This 
observation is somewhat unusual, because there do not appear 
to be any known aneuploidy-inducing agents that require 
metabolic activation (Kirsch-Volders et al., 2003). 
Statistically significant increases in the frequency of nuclear 
abnormalities (buds and bridges) and DNA strand breakage 
were also observed at the highest dose tested in both 
publications. In parallel experiments cytotoxic effects such 
as early apoptosis, late apoptosis and necrosis were observed 
and these effects tended to be enhanced in the presence of S9 
(Mladinic et al., 2009a). Also, the negative control levels of 
such endpoints as necrosis and comet tail moment were 
significantly increased in the presence of S9 (Mladinic et al., 
2009a). It should be noted that glyphosate is mostly excreted 
unmetabolized in vivo in mammals with only very small 
levels of aminomethylphosphonic acid (AMPA) or an AMPA- 
relatcd structure observed (Anadon et al., 2009, Brewster 
et al., 1991). There is also one report that glyphosate is 
essentially unmetabolized in vitro in the presence of a rat liver 
S9 homogenate (Gohre et al., 1987). It also does not seem 
likely that human S9, used by Mladinic et al., would be 
expected to be more active than much more commonly used 
induced rat liver S9. These observations suggest that the S9
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mediated effects reported by Mladinic et al. are not likely to 
be due to in vivo relevant metabolites. Given the unusual 
methodology in these studies, the chromosomal-damaging 
effects of glyphosate in the presence of S9 are not convincing, 
and it is possible that artifacts due to low pH in the presence 
of S9 (Cifone et al., 1987; Morita et al, 1989; Scott et al., 
1991) may be responsible. Such effects would not be relevant 
to in vivo exposures.

Three regulatory in vitro mammalian cell chromosomal 
aberration studies were conducted on technical glyphosate 
(Table 2 and “ online supplementary material” ). These 
studies were conducted in accordance with the 1983 OECD 
Guideline 473 for the in vitro mammalian chromosomal 
aberration test (OECD 473, 1983). The study protocols 
employed exposures in both the presence and absence of an 
exogenous mammalian metabolic activation system. 
Treatment and harvest times were appropriate to assess cells 
exposed in different stages of the cell cycle. Treatment times 
included a shorter treatment with and without S9 and 
extended treatments without S9. Appropriate media and 
culture conditions for these assays were confirmed by 
experimental results for negative and positive control 
exposures. In these studies slides were coded before the 
analysis and 200 metaphases per treatment were scored for 
chromosomal aberrations, as recommended in the updated 
OECD Guideline 473 (OECD 473, 1997). The maximum dose 
levels used in two of the studies (1250pg/mL, «7.4mM; 
Fox, 1998; Wright, 1996) were set so as to avoid excessive pH 
shifts as recommended in the updated OECD Guideline 473. 
The third study (Matsumoto, 1995) used maximum dose 
levels (500-1000 pg/mL, «  3-5.9 mM) set by rangefinder 
results but noted pH-relatcd medium color changes at dose 
levels of 500 pg/mL and higher.

No induction of chromosomal aberrations was observed in 
these regulatory studies employing cultured Chinese hamster 
lung (CHL) cells (two studies) or in two experiments with 
cultured human lymphocytes from different donors (third 
study). The two CHL studies also reported negative results for 
polyploidy induction. Taken together, these three studies 
provide clear evidence for the lack of in vitro mammalian cell 
clastogenic activity of glyphosate in robust assays for two 
different mammalian cell types conducted under a variety of 
exposure conditions in the absence and presence of S9.

The reviewed results for mammalian in vitro chromosomal 
effect assays demonstrate a weight of evidence that technical 
glyphosate and glyphosate salt concentrates are generally 
negative for this endpoint in cultured mammalian cells in the 
absence of an exogenous mammalian metabolic activation 
system. Three publications from three laboratories and three 
regulatory studies report negative in vitro mammalian cell 
chromosomal aberration or micronucleus results in the 
absence of exogenous activation. Two of the CHL regulatory 
studies also reported negative results for polyploidy 
induction. Two publications from one laboratory have 
questionably equivocal results for the micronucleus endpoint 
in human lymphocytes in the absence of exogenous activa
tion, while two publications from another laboratory reported 
positive results for bovine lymphocytes only with extended 
treatment but these results did not exhibit a consistent dose- 
response between donors. One publication reported positive
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results for human epithelial cells in the absence of S9 with a 
short exposure time. The negative studies were conducted at 
upper dose levels and with treatment times that were the same 
or higher than the studies with positive or equivocal results 
and include different cell types. These results reinforce the 
Williams et al. (2000) conclusion that positive chromosomal 
aberration results reported for glyphosate in cultured human 
lymphocytes in the absence of an exogenous metabolic 
activation system are not convincing.

Recent reports of positive chromosomal effect results for 
glyphosate in the presence of an exogenous mammalian 
activation system in cultured human lymphocytes in one 
laboratory (Mladinic et al., 2009a,b) were not reproduced in 
three in vitro mammalian cell chromosomal aberration 
regulatory studies, including a study that employed cultured 
human lymphocytes. These positive results are also discord
ant with one previously reviewed result demonstrating a 
negative result for glyphosate in cultured human lymphocytes 
with mammalian metabolic activation using the chromosomal 
aberration endpoint (Williams et al., 2000) and a negative 
result in the presence of S9 for the micronucleus endpoint in 
bovine lymphocytes (Piesova, 2005). They are also discordant 
with negative results for three in vitro mammalian cell gene 
mutation studies that included an exposure to S9. The unusual 
methodology used for cultured human lymphocytes in the 
Mladinic et al. studies further complicates the interpretation 
of results from these studies. Thus, the weight of evidence for 
the in vitro chromosomal effect assays generally indicates a 
lack of chromosomal effects in either the presence or absence 
of S9.

Glyphosate-based formulations

No in vitro mammalian cell chromosomal aberration assays of 
GBFs are described in Williams et al. (2000).

Only two publications with data from in vitro mammalian 
cell chromosomal aberration assays of GBFs have been found 
since the review of Williams et al. (2000). Results are in 
Table 2. Amer et al. (2006) reported positive in vitro 
chromosomal aberration effects in mouse spleen cells for a 
test material described as “ herbazed” herbicide, which was 
reported to contain 84% glyphosate and 16% solvent, an 
unusually high glyphosate concentration for a formulation. 
The test material is not further characterized in the publica
tion but is considered a GBF in this review. The glyphosate or 
GBF concentrations to which the cells in the study were 
exposed are not entirely clear because the most consistent 
concentration unit used in the report is M glyphosate/ml 
which is an unusual concentration unit. Assuming this means, 
moles of glyphosate per mL the maximum exposure would be 
5 x 10‘5 M glyphosate/mL medium or 50mM. An upper 
exposure concentration of 50 mM ( «  8.45 mg/mL glyphosate) 
would be well in excess of the limit level of lOmM or 
5 mg/niL currently recommended in the OECD guidelines 
(OECD 473, 1997). In addition to the uncertainty regarding 
the concentrations used, there are several other limitations to 
the reported study including no indication that pH of 
treatment solutions was controlled, no use of a mammalian 
metabolic activation system and no reported use of coded 
slides for scoring. Given these limitations, the uncertainty

about the concentrations used and the nature of the test 
material, these results should not be considered to have 
significant relevance with respect to typical GBFs.

Another publication reported positive results for 
Roundup™ UltraMax GBF for the CB MN assay in cultured 
human buccal epithelial cells (Roller et al., 2012). Limitations 
in conduct or reporting of this study included no indication 
that pH of treatment solutions was controlled and no explicitly 
reported use of coded slides for scoring. As noted earlier, pH 
effects would not be likely at the low concentrations used. 
Increased MN frequencies were reported for 20 minute 
treatments with 10-20mg/L of glyphosate a.i. (%0.06- 
0 .12mM glyphosate). Statistically significant effects on 
nuclear morphology (nuclear buds and nucleoplasmic 
bridges) were also observed at 10-20 mg/L and increases in 
apoptosis and necrosis were observed at 20 mg/L but only the 
necrosis effect was statistically significant.

There were no regulatory studies of GBFs in in vitro 
mammalian cell chromosomal aberration or micronucleus 
assays. Thus, there are only the two studies of different GBFs 
(discussed above) with uncertainties and limitations in this 
endpoint category. While the published literature reports 
suggest the possibility of activity of GBFs in in vitro 
chromosomal damage assays, the paucity of studies and 
their limitations do not permit a generic conclusion regarding 
this endpoint for in vitro mammalian cells for GBFs in 
general.

In  v iv o  mammalian assays
Micronucleus and chromosomal aberration 

Glyphosate and glyphosate salts.

The Williams et al. (2000) glyphosate toxicity review 
presented results from in vivo mammalian chromosomal 
effect assays. Results from several mouse bone marrow 
erythrocyte studies of glyphosate were negative for micro
nucleus induction. These included the studies from different 
laboratories mostly following modern guidelines. The intra
peritoneal (i.p.) route was used for most of the negative 
studies. In addition to i.p. studies, a 13-weck mouse feeding 
study was also negative for the micronucleus endpoint with an 
estimated maximum daily glyphosate dose of over 
11 000 mg/kg body weight/day. There was one published 
report of a weak positive mouse bone marrow micronucleus 
response observed for glyphosate. This study, which 
employed a smaller number of animals per group than other 
negative studies, clearly conflicted with the numerous other 
negative studies, not only in terms of increased micronucleus 
frequencies but also the finding of altered polychromatic 
erythrocyte to normochromatic erythrocyte (PCE/NCE) 
ratios. The overall weight of evidence from the earlier 
reviewed studies was that glyphosate and glyphosate formu
lations were negative in the mouse bone marrow erythrocyte 
micronucleus assay. The earlier review also noted a negative 
mouse dominant lethal result for glyphosate administered by 
gavage at a maximum dose level of 2000 mg/kg body weight.

As indicated in Table 3, two publications reported results for 
glyphosate in the mouse bone marrow erythrocyte micro
nucleus assay. It should be noted that there are some fairly
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consistent limitations in the reported conduct of these studies 
compared to the OECD guidelines. In these studies, concurrent 
indications of the toxicity other than PCE/NCE ratio effects on 
the bone marrow and mortality are not reported, coding of 
slides for scoring is not explicitly reported and fewer than the 
currently recommended number of 2000 PCEs or erythrocytes 
per animal were scored. As noted earlier, failure to explicitly 
report coding of slides in the methodology may reflect either 
failure to code slides or failure to explicitly indicate this in the 
methodology description in the publication.

Negative results were reported in one study which used a 
dose of 300mg/kg body weight of glyphosate administered 
once i.p. with sacrifices at 24, 48 and 74 h after dosing 
(Chruscielska et al., 2000), This study had some limitations 
including the use of only one dose level (several dose levels 
should be used except when there is no toxicity up to the limit 
dose), and no explicit reported coding of slides for scoring and 
scoring of only 1000 PCEs per animal. A second publication 
reported positive results for glyphosate administered at 50, 100 
and 200mg/kg body weight via two i.p. injections 24h apart, 
with sacrifice at 24 h after the second dose (Manas et ah, 2009). 
A statistically significant increase in micronucleated erythro
cytes was observed in the high-dose group in this study. A 
particular concern with this second publication is that 
“ erythrocytes” rather than polychromatic erythrocytes were 
indicated as scored for micronuclei. This does not appear to be 
a case of using “ erythrocytes” to mean polychromatic 
erythrocytes because the term “ polychromatic erythrocytes” 
is used elsewhere in the publication describing measurements 
of PCE/NCE ratios. Scoring of all erythrocytes instead of 
immature polychromatic erythrocytes for micronuclei would 
be inappropriate in an assay with the stated treatment and 
harvest times because of the transient nature of micronucleated 
PCEs in bone marrow (OECD 474, 1997). PCEs containing 
micronuclei would not have reached maturity in such a short 
time, so micronuclei in matured erythrocytes could not have 
been induced by the chemical treatment.

There is no definitive explanation for the discrepancy 
between the two publications. Although one study used a 
single dose with multiple harvest times and the second used 
two doses and a single harvest time, both are acceptable 
protocols and would not be expected to lead to such discordant 
results (OECD 474, 1997). The negative result reported for the 
13-week feeding study in the earlier review (Williams et al., 
2000) confirms that positive results are not simply due to the 
repeated dosing. The reported negative result (Chruscielska 
et al., 2000) seems to be in accordance with a majority of 
earlier reviewed mouse bone marrow micronucleus studies of 
glyphosate using similar doses and the i.p. or feeding routes 
(Williams et al., 2000). Also, the apparent scoring of 
micronuclei in erythrocytes at such an early time point raises 
questions regarding the reported positive study.

A large number of regulatory rodent bone marrow assays 
were conducted on technical glyphosate or glyphosate salt 
solutions (Table 3 and “ online supplementary material” ). 
Most of these were mouse bone marrow erythrocyte 
micronucleus studies, but there is also one rat bone marrow 
erythrocyte micronucleus assay and one mouse bone marrow 
chromosomal aberration study. Most of the rodent bone 
marrow erythrocyte micronucleus studies were reported to be
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conducted in accordance with the OECD Guideline 474 
(1983) for studies conducted prior to 1997 and the OECD 
Guideline 474 (1997) for studies conducted after 1997. The 
mouse bone marrow chromosomal aberration study was 
reported as conducted according to the OECD Guideline 
475 (OECD 475, 1984). Protocol features for the micro
nucleus studies included single dosing with harvest at 24 and 
48 h after the treatment (also 72 h in one study) or two 
treatments 24 h apart with a single harvest at 24 h after the last 
treatment. These treatment and harvest time alternatives are 
both considered acceptable in the most recent guideline 
(OECD 474, 1997) for bone marrow erythrocyte studies. For 
the bone marrow chromosomal aberration study, the use of a 
single 24 h sampling time after two treatments separated by 
24 h deviates from an earlier recommendation to have 6h and 
24 h sampling times with multiple dosing (OECD 475, 1984), 
but differs slightly from more recent recommendations to 
sample approximately 1.5 cell cycles (usually around 12
18 h) after two daily doses (OECD 475, 1997). Some studies 
used only males when there was no evident difference in 
toxicity to both sexes, which is acceptable under the most 
recent guideline (OECD 474, 1997). Three treatment groups 
were generally used but some studies only used a single high
dose group when a limit dose had little or no toxicity as 
accepted in OECD 474 (1997). In most studies, 2000 PCEs 
per animal were scored as recommended in the most recent 
guideline (OECD 474, 1997). The earlier guideline had 
recommended scoring 1000 PCEs per animal (OECD 474, 
1983). In the mouse bone marrow chromosomal aberration 
study, 50 metaphases per animal were scored, which is lower 
than the currently recommended 100 metaphases per animal 
(OECD 475, 1997).

Eleven mouse and one rat bone marrow erythrocyte 
micronucleus regulatory studies for technical glyphosate or 
glyphosate salt solutions were conducted. The upper dose 
levels for orally administered glyphosate were, with one 
exception, the earlier suggested limit dose of 5000mg/kg 
body weight or the more recently recommended limit dose of 
2000 mg/kg body weight. In these studies little or no toxicity 
was observed at the limit dose. One study (Zoriki Elosomi, 
2007) observed considerable toxicity and lethality at an oral 
dose of 50 mg/kg body weight and employed a lower 
maximum dose level for the main study (30 mg/kg body 
weight). The reason for the higher reported toxicity in this 
study compared to other glyphosate studies is not apparent. 
Studies of glyphosate employing the intraperitoneal route 
generally employed lower maximum dose levels (62.5 to 
3024 mg/kg body weight) and the maximum dose levels were 
set by observations of toxicity and lethality in rangefinder 
studies.

Micronucleated PCE frequency results for the maximum 
dose levels of the regulatory rodent bone marrow micro
nucleus studies of glyphosate and glyphosate salts are 
presented in Table 4. For eight of the 12 regulatory bone 
marrow erythrocyte micronucleus studies there were no 
statistically significant increases in micronucleated PCEs 
observed for any of the glyphosate treated groups. Three 
studies had small statistically significant increases in micro- 
nucleated PCE frequency that were judged not to be treatment 
related because the frequencies were well within historical
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Table 3, In vivo mammalian chromosomal effect studies,

Treatment}

Test material* Endptf Strain/Species Veh

Glyphosate and glyphosate salts
Literature MN studies
G BM MN C3H mice W

G (96%) BM MN BalbC mice S?
Regulatory MN studies
G (98.6%) BM MN NMRI SPF mice 0.5% CMC
G (96.8%) BM MN Swiss mice PO

G (95.6% w/w) BM MN CD-I mice PS
GK (59.3%) BM MN CD-I mice w
G (954.9 g/kg) BM MN Swiss albino mice w

Gl (612.7 g/kg) BM MN Swiss albino mice w
G (97.73%) BM MN NMRI mice PEG 400
G (95.7% w/w) BM MN Crl:CD-l*(ICR) PBS

BR mice
G (980.1 g/kg) BM MN Swiss mice W
G (99.1% w/w) BM MN NMRI mice 0.5% CMC
G (980.0 g/kg) BM MN Swiss albino mice CO
G (98.8% w/w) BM MN Crl(CD)(SD) rats 0.8% HPMC
Regulatory CA study
G (96.8%) BM CA Swiss albino mice PO

GBFs
Published studies
Perzocyd 10 SL BM MN C3H mice w

Roundup™ 69 BM MN mice NI

Roundup (480g/L GI) BM MN Swiss mice W°
Roundup (480 g/L GI) BM CA New Zealand 

white rabbits
W

Herbazed (84% G) BM CA Swiss mice NI
Herbazed (84% G) SC CA Swiss mice NI
Herbazed (84% G) BM CA Swiss mice NI
Herbazed (84% G) SC CA Swiss mice NI
Roundup BM CA C57BL mice W

Maximum
Rte No/Sex Grps Schedule dose

i.p, 6M 1 S (24, 48C, 72) 300

i.p. 5M 5F 3 T (24) 200

p.o. 5M 5F 1 S (24, 48C, 72) 5000
p.o. 5M 5F 3 (>HL) T (24) 5000

p.o. 5M 5F 1 S (24, 48) 5000
p.o. 5M 1 S (24, 48) 2000
i.p. 5M 5F 3 T (24) 562.5

i.p. 5Mtt5Ftf 3 T (24) 3024
p.o. 5M 5F 3 S (24, 48 H) 2000
i.p. 7M 3 S (24, 48 CH) 600

p.o. 6M 3 T (24) 30
p.o. 5M 3 (24 h) S (24, 48 CH) 2000
i.p. 5M 5F 3 T 124) 62,5
p.o. 5M 5F 3 S (24, 48 CH) 2000

p.o. 5M 5F 1 T (24) 5000

•P 6M S (24, 48C, 72) 90

•P- 6M 3 T (25) 200

i.p. 8M 8F 3 T (24) 200
d.w, 5M 2§§ 60 days 750 ppm

i.p. 5M 1 1, 3, 5d (24) 50 gly?
i.p. 5M 1 1, 3, 5d (24) 50 gly?
p.o. 5M 2 1, 7, 14, 2 Id (24) 100 gly?
p.o. 5M 2 1. 7. 14, 2 Id (24) 100 gly9
p.o. 8M S (6, 24, 48, 72, 96, 120) 1080

Results§
Scori ngU Tox Mutagenicity References

1000P (NC) M—. R - neg Chruscielska et al. 
(2000)

lOOOE(NC) M—, C - . R - pos|| Manas et al. (2009)

2000P *N M—, R neg Jensen (1991c)
^2000E (NC) 
ss 1000P

M—, C - , R - ine# Suresh (1993b)

2000P M—, C -. R - neg Fox & Mackay (1996)
2000P M -. C - , R neg** Jones (1999)
1000P
1000N

M—, R - neg Marques (1999)

1000P *N M+, R - neg Gava (2000)
2000P M -, C -, R neg Honarvar (2005)
2000P M , C 1, R~ negtt Durward (2006)

3000P M—, R neg* Zoriki Hosomi (2007)
2000P M -, C- ,  R neg Honarvar (2008)
2000P *N M—. R - neg Costa (2008)
2Û00P M—, C - , R - neg Flugge (2009b)

50M M—, C+, M I- neg Suresh (1994)

1000P (NC) M—, R - neg Chruscielska et al. 
(2000)

1000P (NC) 
1000N

M -. R - neg Coutinho do 
Nascimento & 
Grisolia (2000)

2000E(P) NC M -. R - neg Grisolia (2002)
50M (NC) M pos Helal & Moussa 

(2005)
100M (NC) M - mc||i| Amer et al. (2006)
100M (NC) M - pos
100M (NC) M - pos
100M (NC) M - pos
50M M - neg Dimitrov et al. (2006)

( continued)
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Table 3, Continued.

Test material* Endptf St rain/Species Veh Rte No/Sex

Treatment:}:

Grps Schedule
Maximum

dose Scoring*'
Results§

Tox Mutagenicity References

BM MN C57BL mice W p.O. 8M 1 S (24, 48, 72, 96, 120) 1080 5 OOP M—, R - neg Dimitrov et al. (2006)
Roundup (41% GI) BM CA 

BM MN
Swiss mice 
Swiss mice

DMSO
DMSO

i.p.
i.p.

5M
5M

2
2

S (24, 48, 72) 
S (24, 48, 72)

50 gly? 
50 gly?

75M (NC) 
2000(P) (NC)

M—, MI+ 
M^, MI+

pos
pos

Prasad et al. (2009)

Regulatory studies
MON 78239 

(36.6%a.e. GK)
BM MN Crl:CD 1®(ICR) 

BR mice
W p.O. 5M 3 S (24, 48CH) 2000 2000P M—. C , R - neg## Ercxson (2003a)

MON 78634 
(65.2%a.c.)

BM MN Crl:CD-l®(ICR) 
BR mice

w p.O. 5M 3 S (24, 48CH) 2000 2000P M—, C - , R - neg Erexson (2003b)

MON 78910
(30.3%a.e.)

BM MN CD-ll'(ICR)BR
mice

w p.o. 5M 3 S (24, 48CH) 2000 2000P M -, C - , R - neg Erexson (2006)

MON 79864 
(38.7%a.e.)

BM MN Hsd:lCR(C.D-1 
mice

w p.O . 5M 3 S (24, 48CH) 2000 2Û00P M -, C+, P - neg## Xu (2008a)

MON 76171 
(31.1%a.e.)

BM MN CD-1S(ICR)BR
mice

w p.o. 5M 3 S (24. 48CH) 2000 2000P M—, C - , R - neg Xu (2008b)

MON 79991 
(71.6%a.e.)

BM MN CD-TdCRlBR
mice

w po. 5M 3 S (24, 48CH) 2000 2000P M -, C - , R+? neg Xu (2009a)

MON 76138 
(38.5%a.e.)

BM MN c d -T o c ribr
mice

w p.o. 5M 3 S (24. 48CH) 2000 2000P M -. C - , R - neg Xu (2009b)

MON 76313 
(30.9%a.e.)

BM MN Hsd:ICR(CD-l)
mice

w p.o. 5M 3 S (24. 48CH) 2000 2000P M -. C - , R neg Xu (2009c)

A17035A BM MN Swiss mice w p.o. 6M T (24) 2000 3000P M , C , R neg Negro Silva (2009)
(280.7 g/L G)

TROP M BM MN NMR1 mice .8% CMC p.o. 5M 5F 3 S (24, 48CH) 2000 2000P M -. C - , neg Flügge (2010c)
(483.6 g/1 Gl)

Glyphosate 757 g/lcg BM MN Crl(CD)(SD) rat 0.8% HPMC p.o. 5M 5F 3 S (24, 48CH) 2000 2000P M—, C - , R - neg Flügge (2010e)
formulation
(69.1 %a.e. G)

Glyphosate SL BM MN Swiss mice W p.o. 6M T (24) 2000 3000P M -, C - , R^ neg Negro Silva (2011)
(499.35 g/L G)

RM 000076

296 
G

lyphosate and G
BF genotoxicity review 

Crit Rev Toxicol, 2013; 43(4): 283-315



*G, glyphosate technical acid; GK, potassium glyphosate salt. GI, isopropylamine glyphosate salt; ( )  indicates purity or concentration for glyphosate or glyphosate salts or a.i, content for GBFs. Concentration in 
acid equivalents indicated as a.e.

■[Endpoint: BM MN , bone marrow erythrocyte micronucleus; BM CA, bone marrow chromosomal aberration; SC CA, spermatocyte chromosomal aberration.
^Treatment:
Veh -  Vehicle used: W, water; S, saline; PO, peanut oil; PS. physiological saline; PEG 400; polyethylene glycol; PBS, phospate buffered saline; CO, corn oil; HMC, DMSO, dimethylsulfoxide; CMC, 

carboxymethylcellulose; HPMC, hydroxypropylmethylcellulose; NI, not indicated.
Rte -  Route of administration: p.o. oral (gavage); i.p., intraperitoneal injection; d.w., drinking water.
No/Sex -  Number of males (M) and females (F) scored for each glyphosate or GBF treatment group.
Grps -  Number of glyphosate or GBF dose level treatments scored for micronuclei or chromosomal aberrations. >HL indicates spacing between one or more treatment groups greater than half-V  10.
Schedule -  Treatment schedule for glyphosate treatments: S, single treatment; T, two treatments 24 h apart; d, consecutive days of treatment with a separate group for each number of days. Numbers in parentheses 

are harvest times in hours after treatment or last treatment with a separate group for each harvest time. Treatment or harvest conditions used specifically for other groups arc indicated as C, vehicle control, II, 
high-dose.

Maximum dose -  Maximum glyphosate or GBF treatment dose level in mg/kg body weight except for ppm which indicates amount in drinking water, gly for GBFs indicates that dose units were reported as mg/kg 
body weight of glyphosate.

«[Number indicates cells or metaphases scored per animal for P (PCEs), N (NCEs), E (erythrocytes), M (metaphases). *N, variable NCEs scored for micronuclei while scoring the indicated number of PCEs. E(P) 
indicates number of erythrocytes scored with results for PCEs reported separately. NC, coding of slides for scoring not explicitly indicated in report or publication. In some cases coding was not explicitly 
indicated but may have been implied by a reference citation.

§Results:
Tox -  Measures of toxicity reported: M, mortality; C, clinical signs; R, PCE/NCE ratio; Ml, mitotic index. A “ + ” after the measure indicates treatment-related effects. A “ ”  after the measure indicates no 

treatment-related effects; + ?  Indicates a decrease in (R) but control (R) value for the corresponding time point was unusually high. No mortality (MI-) was assumed unless mortality was indicated.
Mut -  Overall evaluation of study results as negative (neg), positive (pos) or or inconclusive (inc) for treatment-related effects. Individual footnotes used to indicate statistically significant effects or difference 

from conclusion of publication or report authors.
|| Statistically significant increase reported for micronucieated erythrocytes. Results not reported for micronucleated PCEs.
#Statistically significant increase in MN erythrocytes for high-dose females. Control MN PCE frequencies were unusually high and historical control data not presented.
^Statistically significant increase in MN PCE frequency at 24h only, within historical control, not judged to be treatment related.
IfOnly four males and four females scored for high-dose group.
| ^Statistically significant increase in MN PCE frequency only for 24 h high-dose, within historical control, not judged to be treatment related.
^•[Statistically significant increase for high-dose MN PCE frequency, within historical control, not judged to be treatment related.
§§Two groups treated with same level of Roundup GBF but one group also treated with vitamin E.
||||Increases in abnormal metaphases not statistically significant excluding gaps from aberrant cells. Authors conclude positive result based on statistically significant increases in abnormal metaphases including 

gaps- .
##Stati$tically significant increase for high-dose at 48 h, within historical control, but judged to be due to a low control group value and not treatment-related.
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298 Glyphosate and GBF genotoxicity review
Table 4. High-dose and control MN PCE frequencies for regulatory glyphosate and glyphosate salt studies.

C rit Rev Toxicol. 2013; 43(4): 283-315

Micronucleated PCF per 1000 PCE mean ± std. dev.

Dose Flarvest
Test material f Sex (mg/kg bw) Route (h) Control High-dose References
G M 5000 p.o. 24 1.7 = 0.6 Jensen ( 199le)

48 1.5 ±0.7 l . l  = 0.4
72 0.9 ±0.7

F 5000 24 1.5 ±0.7
48 1.2 = 0.3 1.7 ±0.8
72 0.8 ±0.6

G M 5000 p.o. 24 6.7 ±  5.5 8.8 ±  1.8 Suresh (1993b)
F 5000 24 4.9 ±  2.7 10.4±4.9*

G M 5000 p.o. 24 1.6 ±  0.8 2.1 ±  1.6 Fox & Mackay (1996)
48 1.7 ± 1.3 2.1 ± 1.9

F 5000 24 1.4 ±0.7 2.1 ±2.5
48 0.7 ± 0.6 0.8 ±0.8

GK M 2000 p.o. 24 0.2 ±0 .4 0.9 ± 0.4* Jones ( 1999)
48 0.8 ± 1.0 0.9 ± 1.0

G M 562.5 i.p. 2 4 0.4 ±0.5 0.4 ±0.9 Marques (1999)
F 562.5 24 0.8 ±0.8 0.6 ± 0 .5

Gl M 3024 i.p. 24 0.6 ±0.5 0.7 ± 1.0 Gava (2000)
F 3024 0.4 ±0.5 0.7 ± 1.0

G M 2000 p.o. 24 0.9 ±0.6 0.9 ±0.7 Honarvar (2005)
F 2000 24 0.7 ±0.8 0.6±0 ,7
M 2000 48 1.5 ± 1.0
F 2000 48 1.1 ± 0 .9

G M 600 i.p. 24 0.6 ±0 .6 1.9 ±0.7* Durward (2006)
48 1.0± 1.2 0.9 ± 1.1

G M 30 p.o. 2 4 0.6 ±0.3 1.4 ± 0.4* Zoriki Hosomi (2007)
G M 2000 p.o. 24 0.7 ±0.7 0.7 ± 0 .4 Honarvar (2008)

2000 48 0.7 ±0 .6 0.8 ± 0 .6
G M 62.5 i.p. 24 0.0 ±0 .0 0.3 ±0.7 Costa (2008)

F 62.5 24 0.0 ±0 .0 0.0 ±0 .0
G M (rat) 2000 p.o. 24 0.8 ±0 .6 0.6 ± 0 .4 Flugge (2009b)

48 1.0 ± 0 .9 0.8 ±0 .4
F (rat) 2000 24 0.9 ± 0 .2 0.4 ±0.4

48 1.1 ±0.7 0.4 ±0 .4

♦Statistically significant increase over control value.
fG, glyphosate technical acid: GK, potassium salt of glyphosate; GI, isopropylamine salt of glyphosate.

control values (Durward, 2006; Jones, 1999; Zoriki-Hosomi, 
2007).

A statistically significant increase in the micronucleated 
polychromatic erythrocyte (MN PCE) frequency was 
observed for females, but not for males, treated with 
5000 mg/kg in the study of Suresh (1993b). This increase 
was only about two-fold over the concurrent control and no 
increase was observed for frequencies of micronucleated 
normochromatic erythrocytes for this group, although at such 
an early sampling time this would not be expected. Historical 
control data were not presented. Suresh (1993b) employed a 
high level of glyphosate treatment, 5000 mg/kg body weight, 
which is well above the currently recommended limit dose of 
2000 mg/kg body weight (OECD 474, 1997) as well as an 
unusual use of groundnut oil as a vehicle for a water soluble 
test material. The negative control MN PCE frequencies in 
this study (4.9 and 6.7 MN per 1000 PCEs for females and 
males, respectively) exceeded control MN PCE frequencies 
commonly observed in mice (Salamone & Mavournin, 1994). 
The recommendation by Salamone & Mavournin (1994) is 
that MN PCE frequencies above 5/1000 MN PCE should be 
questioned and in most cases confirmed. Two other bone 
marrow erythrocyte studies which employed 5000 mg/kg 
body weight treatment did not observe any statistically

significant increases in MN PCE frequency (Fox & 
MacKay, 1996; Jensen, 1991c). A mouse bone marrow 
chromosomal aberration study conducted in the same labora
tory using the same vehicle and a 5000 mg/kg body weight 
dose level (Suresh, 1994) was negative. These observations 
provide a strong weight of evidence that the statistically 
significant increase observed in Suresh (1993b) is not 
evidence of a treatment-related effect.

The results presented in Table 3 clearly indicate a very 
strong overall weight of evidence that glyphosate or glypho
sate salt solutions do not induce micronucleated PCEs in 
rodent bone marrow erythrocyte micronucleus assays con
ducted with maximum dose levels which are appropriate 
either because of toxic effects or are recommended limit 
doses for relatively non-toxic compounds. Statistically sig
nificant increases in MN PCE frequency in isolated studies 
were not reproducible in a number of other studies. 
Furthermore, these studies include several examples of 
negative results for i.p. administration at maximum doses 
that exceed those employed by Manas et al. (2009). It should 
also be noted that the i.p. route of administration is not 
relevant to human exposure. In combination with the results 
presented in Williams et al. (2000), there is overall a strong 
weight of evidence that technical glyphosate and glyphosate
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salt solutions are not genotoxic in in vivo mammalian 
micronucleus assays at high dose levels.

Glyphosate-based form ulations.

The Williams et al. (2000) glyphosate toxicity review 
presented results from several mouse bone marrow erythro
cyte micronucleus studies of GBFs (e.g. Roundup™, Rodeo™ 
and Direct™-branded formulations) that were mostly negative 
for micronucleus induction. The i.p. route was used for most 
of the negative studies and maximum doses for many of the 
studies were toxic or appropriately close to LD50 values. 
There was one published report of a weak positive mouse 
bone marrow micronucleus response observed for a 
Roundup™-branded GBF. This study, which employed a 
smaller number of animals per group than other negative 
studies, was clearly aberrant from the numerous other 
negative studies not only in micronucleated cell frequency 
finding but also the finding of altered polychromatic 
erythrocyte to normochromatic erythrocyte (PCE/NCE) 
ratios. The overall weight of evidence from the earlier 
reviewed studies was that GBFs were negative in the mouse 
bone marrow erythrocyte micronucleus assay.

As indicated in Table 3, seven publications reported results 
for GBFs in in vivo mammalian micronucleus or chromo
somal aberration assays. It should be noted that there are 
some fairly consistent limitations in the reported conduct of 
these studies compared to the OECD guidelines. In most 
studies, concurrent indications of toxicity other than effects 
on bone marrow are not reported, coding of slides for scoring 
is not explicitly indicated and, in many studies, fewer than the 
currently recommended number of 2000 polychromatic 
erythrocytes or 100 metaphases per animal were scored.

Three publications report negative results for Roundup™- 
branded GBFs in mouse chromosomal aberration or micro
nucleus assays. In two of these publications, negative results 
in mouse bone marrow erythrocyte micronucleus assays were 
reported for different Roundup™-brandcd GBFs administered 
at 200 mg/kg body weight twice 24 h apart by the i.p. route 
(Coutinho do Nascimento & Grisolia, 2000; Grisolia. 2002). 
The third publication reported negative results in mouse bone 
marrow studies for both the chromosomal aberration and 
erythrocyte micronucleus endpoints using a single oral dose 
of 1080 mg/kg body weight of a Roundup™-branded GBF 
(Dimitrov et al., 2006).

In contrast, one publication reported positive results for a 
Roundup™-branded GBF in mouse bone marrow for the 
chromosomal aberration and erythrocyte micronuclcus 
endpoints using a single maximum dose of 50 mg glypho- 
sate/kg body weight i.p. (Prasad et al„ 2009). Both the 
positive results and the magnitude of the increases in 
frequencies of chromosomal aberrations and micronuclei 
reported in this study are remarkably discordant with other 
reported results for Roundup™-branded and other GBFs in 
mouse bone marrow chromosomal aberration and micro
nucleus studies in a number of laboratories and publications 
(Table 3 and Williams et ah, 2000). The reasons for this 
discordance are not clear. One unusual feature of the Prasad 
et al. (2009) study is that the Roundup™-branded GBF was 
administered in dimethylsulfoxide (DMSO) vehicle. This is

an unusual vehicle to use in in vivo genotoxicity studies, 
particularly using the i.p. route and for a test material which is 
water soluble. A published toxicity study has reported that use 
of a DMSO/olive oil vehicle by the i.p. route dramatically 
enhanced the toxicity of glyphosate formulation or the 
formulation components without glyphosate compared to 
saline vehicle (Heydens et ah, 2008). The enhanced toxicity 
observed with this vehicle was not observed when the oral 
route was used. DMSO has also been shown to enhance the 
toxicity of other hydrocarbons when administered via the i.p. 
route (Kocsis et ah, 1968). These observations suggest that 
use of DMSO as a vehicle for administration of chemicals or 
formulations by the i.p. route might produce unusual toxic 
effects that are not relevant to normally encountered 
exposures. Furthermore, the i.p. route is considered by 
many regulatory agencies to be an unphysiological route 
and is not recommended for the safety evaluation of 
chemicals. Regardless of the reasons for the discordant 
positive results, it is clear that a large preponderance of 
evidence indicates that Roundup™-branded GBFs are typic
ally negative in mouse bone marrow chromosomal aberration 
and erythrocyte endpoints.

One publication reported positive results for bone marrow 
chromosomal aberration in rabbits administered Roundup™- 
branded GBF in drinking water at 750 ppm for 60 days (Helal 
& Moussa, 2005). This study is unique in terms of species and 
route of administration. The publication does not report water 
intake in the test and control groups. Given the potential for 
water palatability issues with a formulated product, this is a 
significant shortcoming, as any effects noted might be 
attributable to dehydration (Saunders, 2005). This study had 
further limitations including the use of only a single dose level 
and not explicitly indicating the coding of slides for scoring. 
This study did not include a positive control for chromosomal 
aberration effects. Examination of the chromosomal aberra
tion scoring results showed that, for the treated group, large 
increases were observed for gaps and “ centromeric attenu
ation” that were included in the summation and evaluation of 
structural chromosomal aberration effects. Ordinarily gaps are 
scored but are not included in the total aberration frequency, 
and centromeric attenuation is not included in conventional 
identification of structural aberrations (OECD 475, 1997; 
Savage, 1976). These unusual scoring and interpretive 
features raise significant questions about using this study to 
make conclusions about clastogenicity of the GBF tested.

Two other publications report in v ivo  mammalian chromo
somal aberration or micronucleus results for non-Roundup™- 
branded GBFs. In one of these, an uncharacterized GBF, 
Percozyd 10L, was reported to be negative in a mouse bone 
marrow erythrocyte micronucleus assay (Chruscielska et al., 
2000). The maximum dose level tested, 90 mg/kg i.p., was 
reported to be 70% of the i.p. LD50 as determined 
experimentally by the authors, and so may have exceeded 
the maximum tolerated dose. This study had several limita
tions including use of less than three dose levels and no 
explicit reported coding of slides for scoring.

In an other study, positive results were reported for another 
uncharacterized GBF, herbazed, in mouse bone marrow and 
spermatocyte chromosomal aberration studies (Amer et al., 
2006) using oral and i.p. routes and treatments from I to up to
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5 d (i.p.) or 21 d (oral). Although ¡.p. exposures of 1,3 and 5 d 
produced statistically significant increases in bone marrow 
abnormal metaphase frequency when gaps were included, the 
increases were not significant excluding the gaps and the 
OECD 475 (1997) recommends not including gaps in total 
aberration frequency. Statistically significant positive results 
were observed after multiple i.p. exposures (3-5 d bone 
marrow only including gaps; 5d for spermatocytes) and after 
extended oral treatments (14-21 d, bone marrow; 7-21 d 
spermatocytes). Although not a genotoxic endpoint per se, it 
should be noted that statistically significant increases in 
frequency of sperm with abnormal morphology were 
observed in mice treated with 100 and 200mg/kg body 
weight glyphosate p.o. for 5d. The fact that positive results 
were not observed in an erythrocyte micronucleus test of mice 
treated with glyphosate up to 50 000ppm in feed for 13 weeks 
(Williams ct al., 2000) indicates that, by contrast, extended 
glyphosate treatment by the oral route does not induce 
detectable chromosomal effects. This treatment was longer 
and up to much higher glyphosate exposures than those used 
for the Amer et al. (2006) studies. Thus, it appears likely that 
these effects were due to some component(s) of the specific 
herbazed GBF tested rather than glyphosate. It is noteworthy 
that the Amer et al. (2006) publication is unique in reporting 
positive responses for such a large number of endpoints for a 
single test material.

A total of 12 mouse bone marrow erythrocyte micro
nucleus regulatory studies of GBFs were available (Table 3 
and “online supplementary material” ). These studies were 
designed to be in compliance with the OECD 474 (1997) 
guidance for rodent erythrocyte micronucleus assays. The 
treatment regimen was either a single oral dose with harvests 
at 24 and 48 h after dosing or two oral doses 24 h apart with a 
single sacrifice at 24 h after the last dose. Either of these 
treatment regimens is acceptable under the most recent 
OECD guideline for this assay (OECD 474, 1997). Many of 
the studies used only males but reported no significant 
differences in gender response in preliminary toxicity studies. 
All of these studies employed a maximum dose of 2000 mg/kg 
body weight and most of the studies also used lower doses. 
This is consistent with a limit dose recommendation of 
2000 mg/kg body weight in the OECD guideline. The upper 
dose level was not reported to induce mortality in any of the 
studies but in a few studies clinical signs were observed in 
high-dose animals. No toxic effects on bone marrow were 
generally observed in these studies as judged by PCE/NCE 
ratios, A decrease in PCE/NCE for 48 h high-dose animals 
was observed in one study (Xu, 2009a) but this may not have 
been treatment-related because the control PCE/NCE ratio 
was unusually high.

Ten of the studies did not exhibit a statistically significant 
increase in MN PCE for any treatment group. Two studies had 
statistically significant increases in MN PCE frequency at the 
48 h time point but the MN PCE frequencies were within 
historical control levels and judged in each case to be due to a 
statistical anomaly from a low vehicle control MN PCE 
frequency and is not treatment-related (Erexson, 2003a; Xu, 
2008a). Thus, none of these 12 studies indicated 
treatment-related increases in MN PCE frequencies and all 
studies were considered negative for this endpoint.

300 Glyphosate and GBF genmoxiri!y review

In summary, in addition to the in vivo rodent bone marrow 
chromosomal effect studies presented in Williams et al. 
(2000), a majority (three of four) of the rodent bone marrow 
studies in the subsequent published literature are negative for 
Roundup™-branded formulations at maximum dose levels 
that significantly exceed the maximum dose level of the study 
reporting positive results. One noteworthy feature of the 
positive study is the use of a DMSO vehicle which is unusual, 
if not inappropriate, for a water soluble test material. A rabbit 
drinking water study found positive effects for a Roundup™- 
branded GBF; however, this study had a large number of 
limitations including not presenting information on payabil
ity and no positive control. Publication reports for other GBFs 
included a negative study for Perzocyd 10 SL and positive 
chromosomal aberration results for both bone marrow and 
spermatocytes for a herbazed GBF using extended oral and 
i.p. treatments. A very large number of well-conducted 
regulatory mouse bone marrow micronucleus studies indi
cated that a variety of GBFs are negative in this assay system 
up to the limit dose of 2000 mg/kg body weight. While the 
possibility that GBFs with different compositions might have 
different properties cannot be excluded, the overall data 
certainly indicate that a typical GBF is negative for the 
induction of chromosomal damage in vivo.

Rodent dominant lethal

The Williams et al. (2000) review notes a negative result in a 
mouse dominant lethal assay of glyphosate using a maximum 
treatment level of 2000 mg/kg body weight administered by 
gavage.

No rodent dominant lethal assays of glyphosate or GBFs 
were encountered in the subsequent literature.

One regulatory rat dominant lethal study was available 
(Suresh, 1992; “ online supplementary material” ). This study 
was reported to be conducted in accordance with the OECD 
478 (1984). In this study, groups of 30 male Wistar rats were 
given a single oral administration of glyphosate (suspension 
in groundnut oil vehicle) at dose levels of 200, 1000 and 
5000 mg/kg body weight. Control groups received vehicle 
only or ethyl methane sulfonate as a positive control. Each 
week for 10 consecutive weeks males were mated 1:1 to 
separate groups of untreated virgin females. Each week’s 
paired females were removed after co-housing for 6 d and 
were sacrificed on the 16th day after pairing and reproductive 
parameters were measured (pregnancy status, corpora lutea, 
early and late resorptions, and live implants). One unusual 
aspect of this study is that mean body weights of all treatment 
groups were initially statistically higher than the control 
group mean body weight and this pattern persisted throughout 
the study. The following effects were observed in the first 
group of week 1 females mated to high-dose males; reduc
tions in pregnancy rate, decreases in live implants and 
increases in pre- and post-implantation loss. There were also 
increases in embryonic resorptions (“ small moles” ) in 
week 1 females mated to mid-dose males. These effects 
were attributed to significant acute toxic effects of glyphosate 
(not dominant lethal effects) exhibited after the treatment in 
week 1 as evidenced by body weight loss in the mid and high
dose males and clinical signs. Although some
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Table 5. Blood erythrocyte micronucleiis assays in non-mammalian systems.

Test system Test material Maximum dose* Result Commenti Reference

Oreochromis niloticus (fish) Roundup 69 I70mg/kg i.p, (maximum 
tolerated)

Equivocali Coutinho do 
Nascimento & 
Grisolia (2000)

T. rendalli (fish) Roundup™ formulation I70mg/kg (abdominal 
injection)

Positive Grisolia (2002)

Carassius auratus (fish) RounduprM formulation 15 ppm glyphosate in water 
(2, 4 and 6 d)

Positive Cavas & Konen (2007)

Prochilodus lineatus (fish) RoundupIM formulation lOmg/L in water (6, 24 and 
96 h)

Negative NC Cavalcante et al. (2008)

Caiman eggs/hatchlings Roundup® Full II 
formulation

1750 pg/egg Positive Poletta et al. (2009)

Caiman eggs/hatchlings Roundup® Full II 
formulation

Nest sprayed
3% (3 L/100 L water/ha)

Positive Polena et al. (2011)

O. cordobae (amphibian) 
R. arenarnm (amphibian)

Roundup formulation 100mg a.i./L 
800mg a.i./L

Equivocai*}
Equivocai

Bosch et al. (2011)

Corydoras paleatus (fish) Roundup® formulation 6,67 pg/L in water 
(3,2pg/L a,e.) 
(3, 6 and 9 d)

Negative PC, NC de CastiIhos Ghisi & 
Cestarì (2012)

*a.e., concentration in glyphosate acid equivalents.; a.i. concentration of active ingredient.
fPC, no concurrent positive control; NC, independent coding of slides for scoring not explicitly indicated for visually scored slides. In some cases 

coding may have been implied by reference citation.
{Statistically significant increase in nticronuclcatcd erythrocyte frequency only at mid-dose level.
•{Increase in micronucleated erythrocyte frequency not statistically significant for single group surviving treatment; authors appear to conclude increase 

may have been treatment-related.
{{Authors appear to conclude increases in micronucleated erythrocytes were treatment-related. No statistically significant differences were observed 

among the experimental groups by the analysis of variance. A statistically significant positive correlation between concentration and micronucleated 
erythrocyte frequency but this analysis apparently omitted the high-dose group.

statistically significant findings in post-implantation loss 
were sporadically observed in subsequent weeks these 
were not considered to be treatment-related because they 
were not consistent with a biologically plausible dose- 
response or a biologically plausible time course (see post
implantation loss data table in “ online supplementary 
material” ). This conclusion was also indicated in an EU 
monograph report (BBA, 1998-2000). This study appears 
to be in accordance with the study noted in Williams 
et al. (2000) indicating that glyphosate is not active as a 
rodent germ cell mutagen.

Non-mammalian assays
G lyph osa te  an d  g lyphosate sa lts

The Williams et al. (2000) review reported negative results 
for isopropylamine salt of glyphosate in an onion root tip 
chromosomal aberration assay.

One subsequent published study reported a weak positive 
result for technical glyphosate in a D ro so p h ila  wing spot assay 
(Kaya et al., 2000). Statistically significant positive increases 
were found only in one of four crosses for small twin spots and 
not for the two other wing spot categories (large wing spots and 
twin wing spots). As discussed above, only negative or 
inconclusive results were observed for crosses that were not 
subjected to mitotic recombination effects. If the result was 
actually treatment-related it would only indicate an increase in 
recombination events and not in somatic mutations.

G lyph osa te -based  fo rm u la tion s

The Williams et al. (2000) review reported a positive result 
for a Roundup'“-branded GBF for chromosomal aberrations

in an onion root tip assay and it was noted that this may have 
been caused by toxic effects of the GBF surfactant.

Negative results were observed in subsequently published 
in v itro  assays for the chromosomal aberration and micro
nucleus endpoints in C re p is  c a p it la r is  root meristems exposed 
to a Roundup™-branded GBF at concentrations up to 0.5% 
a.i. (Dimitrov et al., 2006).

Subsequent to the earlier review a number of publications 
have reported discordant results for blood erythrocyte 
micronuclcus assays conducted on GBFs in several non
mammalian fish, reptile and amphibian species (Table 5). One 
publication reported what might arguably be considered as 
equivocal results for the erythrocyte micronucleus test in 
O reoch rom is n ilo ticu s  (Nile tilapia), administered a test 
material described as Roundup™ 69 GBF at an upper dose 
of 170mg/kg i.p. (Coutinho do Nascimento & Grisolia, 
2000). Although there was a statistically significant increase 
in micronucleated erythrocyte frequency at the mid-dose 
level, a significant increase was not observed at the high-dose 
level and considerable variability in frequencies in different 
groups was noted. Negative results were reported in 
another fish species (P ro ch ilo d u s  lin ea tu s)  exposed to 
lOmg/L Roundup™-branded GBF for 6, 24 and 96h 
(Cavalcantc et al., 2008). This concentration was reported to 
be 75% of a 96-h LC50. Negative results were also reported for 
the micronucleus endpoint in the fish C o ry d o ra s  pa leatus 
exposed to 6.7 pg/L Roundup™-branded GBF (calculated 
3.2 pg/L glyphosate) for 3, 6 and 9 days (de Castilhos Ghisi & 
Cestari, 2012). Positive results were reported for the erythro
cyte micronucleus assay conducted in the fish T. ren d a lli 
exposed to up to I70mg/kg body weight i.p. of another 
Roundup‘“ -branded GBF (Grisolia, 2002). Examination of 
the micronucleus frequencies in this publication indicated that
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the negative control micronucleus frequency was considerably 
lower than the frequencies for all but one of 21 treatment 
groups for seven different test materials. This suggests an 
unusually low control frequency and at least one treatment 
group had statistically significant increases in MN frequencies 
for each of the seven test materials. In the absence of 
historical negative control data and few publications from 
which to estimate negative control ranges, the possibility that 
the apparently significant increases were due to a low 
negative control value that should be considered for this 
publication. Another publication reported positive erythrocyte 
micronucleus results in goldfish (Carassius auratus) exposed 
to 5 to 15 ppm glyphosate concentration of a Roundup™- 
branded GBF for 2 to 6d (Cavas & Konen, 2007).

The reasons for the discordant results are not clear for the 
fish erythrocyte micronucleus assays of Roundup'“ -branded 
GBFs. Although different species and GBFs were used in 
different studies there were pairs of studies with positive and 
negative or equivocal results that used similar treatment 
conditions (c.g. 170mg/kg i.p. or 10-I5mg/L in water).

An amphibian erythrocyte micronucleus study reported 
questionable effects of a Roundup™-branded GBF (Bosch 
et al., 2011). For one species (0. cordobae), toxicity and 
lethality were observed at exposures to concentrations of 
200-800 mg/L a.i. (glyphosate active ingredient) of 
Roundup™-branded GBF. The surviving 100 mg/L a.i. treat
ment group had an increase in micronucleated erythrocyte 
frequency after 5 d but the increase was not statistically 
significant. A second species (R. arena rum) tolerated 
exposure up to 800 mg/L a.i. Roundup™-branded GBF. No 
statistically significant differences were found in the experi
mental groups by the analysis of variance. Although a 
statistically significant correlation between dose and 
micronucleated erythrocyte frequency was observed at day 
2 of the treatment this analysis apparently omitted the high
dose group which had a mean micronucleus frequency 
comparable to negative control values. The downturn in 
dose-response and apparent omission of the high-dose from 
the statistical analysis is peculiar, because significant toxicity 
was not reported in this species at the 2-day sampling time. 
The results reported in this publication do not clearly support 
a conclusion of a micronucleus effect of a GBF in these 
species.

Results for an unusual test system of exposed caiman eggs 
are reported in two publications. In one study, eggs were 
topically exposed in a laboratory setting to Roundup™ Full II 
GBF, and erythrocyte micronucleus formation was measured 
in hatchlings (Poletta et al., 2009). The tested GBF was 
reported to contain the potassium salt of glyphosate. 
Statistically significant increases in micronucleated 
erythrocytes were observed in hatchlings from eggs treated 
with 500-1750 pg/egg. This system is quite unusual in the 
species tested and even more so in using an egg application 
with measurement of effects in hatchlings. Although there is 
some experience with a hen’s egg erythrocyte micronucleus 
assay using in ovo exposure, the erythrocytes were evaluated 
in embryos only a few days after the treatment (Wolf et al., 
2008). In the caiman egg assay reported by Poletta et al. 
(2009), there was presumably a single topical exposure 
followed by an egg incubation period of about 10 weeks

before hatching. It is difficult to envisage that genotoxic 
events in ovo could produce elevated micronucleated erythro
cyte frequencies detectable after 10 weeks, given the number 
of cell divisions occurring in development of a hatchling, and 
dilution of any micronucleated cells in a larger population as a 
result of this.

A second publication by Poletta et al. (2011) described two 
field experiments evaluating caiman hatched from eggs in 
artificial nests that were sprayed with Roundup™ Full II GBF. 
Increases in micronucleated erythrocyte frequency in hatch
lings were reported for both experiments. Additional meas
urements of growth in one experiment showed small but 
statistically significant differences in total length and snout- 
vent length in 3-month-old, but not 12-month-old, animals. 
Alanine aminotransferase and creatine kinase enzyme levels 
in serum of 3-month-old animals were significantly 
elevated (>two-fold control values). Alterations in these 
parameters suggest that the treated groups have some 
persistent biological differences or toxic effects either as a 
result of the treatment or some other factor. It is certainly 
possible that the micronucleus effects in both publications are 
associated with these persistent biological differences or toxic 
effects rather than from genotoxic effects induced in the 
embryos.

There were no regulatory reports of non-mammalian 
chromosomal effect assays.

In summary, the above in vivo micronucleus assays in non
mammalian systems have given discordant results for reasons 
that cannot be precisely defined. Typically these results would 
be given lower weight than mammalian systems in terms of 
prediction of mammalian effects, especially since there is 
very little experience with these systems in comparison with 
in vivo mammalian chromosomal effect assays, such as the rat 
or mouse bone marrow chromosomal aberration or erythro
cyte micronucleus assays.

DNA damage
In  v it ro  mammalian cell assays
Glyphosate and glyphosate salts

Some positive results for glyphosate for induction of SCE 
were reported in cultured human and bovine lymphocytes in 
the earlier review (Williams et al., 2000). These results tended 
to be weak, inconsistent and with limited evidence for dose- 
response. A number of limitations were observed for these 
studies such as the failure to control pH and abnormally low 
control values. Negative results were reported for technical 
glyphosate in a B. sitbtilis DNA damage assay and a rat 
primary hepatocyte unscheduled DNA synthesis (UDS) assay.

Subsequent to the review there is one publication of a 
positive in vitro SCE result in cultured bovine lymphocytes 
(Table 6; Sivikova & Dianovsky, 2006). It is noteworthy that 
negative effects for the chromosomal aberration endpoint 
were reported in this publication.

Positive results for technical glyphosate have been reported 
for the comet (alkaline single cell gel electrophoresis, alkaline 
SCGE) endpoint in in vitro mammalian cell assays in four 
publications subsequent to the Williams et al. (2000) review 
(Table 6). Some general protocol concerns for these studies are

RM 000082



Table 6. DNA damage assays of glyphosaie, glyphosate salts and GBFs in in vitro and in vivo mammalian systems.

Endpoint Test system Test material Maximum dose Result Comment* References
In vitro studies glyphosate and glyphosate salts
Literature studies
Comet GM38 human fibroblasts glyphosate (technical) 6,5 mM Positive MA, PH, NC Monroy et al. (2005)

HPIOSO human 
fibrosarcoma

glyphosate (technical) 6.5 mM Positive MA, PH, NC Monroy et al. (2005)

SCE bovine lymphocytes glyphosate (62% 1.12 mM (toxic) Positive (-S 9) PH, NC Sivikova & Dianovsky

Comet
Isopropylamine salt) Equivocal (+S9) (2006)

Hep-2 cells glyphosate {analytical. 7.5 mM (limited by Positive MA, PH?, NC Manas et al. (2009)

Comet
96%) toxicity)

Human lymphocytes Glyphosate (technical. 580jig/mL (toxic) Positive (—S9) NC Mladinic et al. (2009a)
98%) «3.43 mM) Positive (+S9)

Comet TR146 human buccal Glyphosate (95%) 2000 mg/L m 11.8 mM) Positive MA, PH, NC Roller et al. (2012)
epithelial

Regulatory study 
UDS Primary rat hepatocyte Glyphosate (>98%) 111.69 mM Negative PH Ross berger (1994)
In  vitro studies GBF
Literature studies 
SCE mouse spleen cells herbazed formulation (84% 50 mM glyphosatej Positive MA, PH, TO, NC Amer et al. (2006)

glyphosate)
Comet TRI46 human buccal Roundup™ 200 mg/L glyphosate Positive MA, PH, NC Koller et al. (2012)

epithelial Ultra Max (% E18mM)

In  vivo studies GBF
Literature studies 
Bone marrow SCE Mouse herbazed formulation (84% 200 mg/kg p,o. glyphosate Positive NC Amer et al. (2006)

glyphosate)

*MA, Mammalian metabolic activation system not used; PH, no indication of pH or osmolality control; TO, no concurrent measurement of toxicity reported or toxicity not observed for highest dose level; NC, 
independent coding of slides for scoring not explicitly indicated.

ÎCalculated from the stated concentration of 5 x 1()“5 M glyphosate/mL.
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failure to explicitly indicate the assessment or control of pH or 
to explicitly indicate the coding of slides for scoring. It is 
possible that these may be deficiencies or limitations in 
reporting rather than conduct. Positive Comet results were 
observed for two mammalian cell lines exposed to glyphosate 
for 4 h at concentrations of 4.0-6.5 mM («  0.68-1.10 mg/mL, 
GM38 cells) and 4.75-6.5mM («0 .80-1 .lOmg/mL, HT1080 
cells) (Monroy et ah, 2005). These concentrations are close to 
the upper limit dose of 10 mM (appropriate for glyphosate) 
generally recommended for in v ilro  mammalian cell assays in 
the current OECD guidelines. Positive Comet results were also 
reported in Hep-2 cells exposed for 4 h to 3.0-7.5 mM (« 0 .5 1
1.27 mg/mL) glyphosate (Manas et ah, 2009). This publication 
reported negative results for the chromosomal aberration 
endpoint in cultured human lymphocytes exposed to up to 
6ntM («1.01 mg/mL) glyphosate for 48 h and it should be 
noted that pH control of the culture medium was reported for 
the chromosomal aberration endpoint. Positive Comet results 
have also been reported for cultured human lymphocytes 
exposed to glyphosate at concentrations of up to 580pg/mL 
(«3.4ntM ) for 4h (Mladinic et ah, 2009a). Effects were 
observed both in the presence and absence of S9. A modifi
cation of the Comet assay by employing a human 8-hydro- 
xyguanine DNA-glycosylase (hOGGl) to detect an oxidative 
damage indicated only statistically significant effects on comet 
tail length for 580pg/mL with S9. Measurements of total 
antioxidant capacity and thiobarbituric acid reactive sub
stances showed statistically significant increases at 580 pg/ntL 
in the presence or absence of S9. Interpretation of the 
significance of metabolic activation effects is complicated by 
the observation that several of the endpoints (e.g., comet tail 
intensity and nuclear abnormalities) tended to show increases 
in the presence of S9 in negative controls or at the very lowest 
concentrations of glyphosate (0.5-3.5 pg/mL, «  2.9-20.7 pM). 
A reasonable summation of the results in this publication is that 
comet effects and other effects such as nuclear abnormalities, 
early apoptosis, necrosis and oxidative damage were consist
ently observed at 580 pg/mL. Positive Comet effects were also 
reported in a human epithelial cell line at dose levels up to 
2000ntg/L (« 1 1 .8 ntM) (Koller ct ah, 2012). An unusual 
feature of these results is that statistically significant increases 
in comet tail intensity were reported as low at 20mg/L 
(0.118 mM) with not much dose-response between 40 and 
2000 mg/L. These dose levels of glyphosate were observed to 
produce little or no effects on a cellular integrity marker but 
statistically significant effects on necrosis and apoptosis 
markers were observed at 20 mg/L in parallel experiments.

One regulatory study of technical glyphosate was reported 
for a primary rat hepatocyte UDS assay (Rossberger, 1994; 
Table 6 and “ online supplementary material” ). In this study, 
cultures of hepatocytes were exposed to glyphosate 
concentrations of 0.02-48.98 mM («0.34-8.28 mg/mL) and 
0.14-111.69mM («0.19-18.88mg/mL) for 18h in two 
experiments. Radio-labeled and halogen-substituted nucleo
sides were used to enable replicative and unscheduled DNA 
synthesis to be identified by density-gradient centrifugation 
and radioactivity counting. No effects on an unscheduled 
DNA synthesis were observed in this study in two separate 
experiments. Measurements of replicative DNA synthesis 
indicated that cytotoxic concentrations were tested and the
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maximum concentrations were in any case much higher than 
recommended for other in v ilro  mammalian cell assays 
(lOmM for glyphosate). This study is limited by the use of 
only single cultures per experimental point, although there 
were two separate experiments. The relatively narrow distri
bution of repair synthesis values with no dose-response in 
glyphosate-treated cultures, and the clear increases in repair 
induced by the positive control, suggest that this study 
provides reasonable evidence for a lack of induced-DNA 
repair following the exposure of rat primary hepatocytes to 
very high concentrations of glyphosate.

Overall there are a number of in v itro  mammalian cell 
studies in which glyphosate has been reported to produce 
positive responses in SCE or Comet assays. Most of these 
positive responses have occurred at high exposures to 
glyphosate in the millimolar range. Although lower than the 
limit dose of 10 mM (appropriate for glyphosate) recom
mended for several in v itro  mammalian cell culture assays 
(OECD 473, 1997, OECD 476, 1997, OECD 487, 2010), 
there have been some suggestions that lower dose levels may 
be more appropriate, particularly because of concerns about 
relevance of positive in v ilro  findings observed at higher dose 
levels (ICHS2(R1), 2011; Morita et ah, 2012; Parry et ah, 
2010). In addition, many of the studies have functional 
limitations such as the lack of pH control and no explicit 
statement regarding the coding of slides for visual scoring.

Concerns over the possibility of effects induced by toxicity 
have led to several suggestions for experimental and 
interpretive criteria to distinguish between genotoxic DNA- 
reactive mechanisms for induction of comet effects and 
cytotoxic or apoptotic mechanisms. One recommendation for 
the in v itro  Comet assay is to limit the toxicity to no more 
than a 30% reduction in viability compared to controls 
(Henderson et ah, 1998; Storer et ah, 1996; Tice et ah, 2000). 
Importantly, dye exclusion measurements of cell membrane 
integrity, such as those reported in some of the above 
publications, may significantly underestimate cytotoxicity 
that could lead to comet effects (Storer et ah, 1996). Other 
recommendations include conducting neutral diffusion 
experiments to determine if apoptotic processes might be 
responsible for comet effects (Tice et ah, 2000).

In contrast to the SCE and comet endpoints, two 
independent studies of technical glyphosate in the primary 
rat hepatocyte UDS assay have both been negative. 
These results provide evidence that this endpoint is not 
affected by glyphosate at high concentrations in cell lines with 
endogenous mammalian metabolic activation capability.

G lyph osa te -based  fo rm u la tion s

Some positive results for glyphosate or GBFs in the SCE 
endpoint were reported in cultured human and bovine 
lymphocytes in the earlier review (Williams et ah, 2000). 
These results tended to be weak, inconsistent and with limited 
evidence for dose-response.

Subsequent publications of DNA damage assays of GBFs 
in in v itro  mammalian cell assays are presented in Table 6. 
Positive SCE results were observed for the uncharacterized 
herbazed GBF in mouse spleen cells (Amer et ah, 2006). 
Limitations of this study are in common to those described

Ciit Rev Toxicol, 2013; 43(4): 283-313
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above (see the section “ In  v itro  mammalian cell assays” ) for 
the chromosomal aberration endpoint portion of the study. 
The magnitudes of the increases in SCE/cell were less than 
two-fold of the control value which may not be considered 
biologically significant. Given these limitations, and the fact 
that the mechanism(s) by which SCE arc induced is not 
understood, these positive findings should be viewed with 
caution. Koller et al. (2012) reported positive Comet results 
for human epithelial cells exposed to Roundup™ UltraMax 
formulation. Statistically significant effects on comet tail 
intensity were observed from exposure to 20-200 mg/L of 
glyphosate (s /0 .12-1.18 mM) for 20 min.

There were no regulatory DNA damage studies of GBFs 
in in v itro  mammalian systems. The Amer et al. (2006) 
report of a positive result for an uncharacterized GBF in the 
SCE endpoint agrees with other positive findings for this 
GBF in this publication but because of the discussed 
limitations does not add significantly to an evaluation of 
general genotoxic properties for GBFs. Similarly, the single 
observation of comet effects for a different GBF in an 
in vitro  cellular assay is of limited value for assessing 
general GBF properties.

In  v ivo  mammalian assays
G lyph osa te  an d  g lyphosate sa lts

In the earlier review (Williams et al., 2000), positive results for 
DNA strand breakage were reported in kidney and liver tissue 
of mice treated by the i.p. route with glyphosate. The earlier 
review also noted reports of the absence of DNA adducts In 
mice treated by the i.p. route with the isopropylamine salt of 
glyphosate and a possible increase in 8-hydroxydeoxyguano- 
sine (8-OHdG) in DNA of mice treated with technical 
glyphosate.

No new in  v ivo  mammalian studies of DNA damage or 
DNA-reactivity of glyphosate were encountered in publica
tions since 2000 and there were no regulatory studies of this 
category.

G lyph osa te-based  fo rm u la tion s

In the earlier review of Williams et al. (2000), positive results 
for DNA adducts (32P-postlabeling) and DNA strand breakage 
were reported for mice treated by the i.p. route with 
Roundup™ GBF. For a number of reasons these observations 
were not considered to be clear evidence for DNA-reactive 
genotoxicity of the Roundup™ GBF.

Only one in v ivo  mammalian DNA damage study of a GBF 
has since been reported. This publication indicated an 
increase in SCE frequency in bone marrow cells of mice 
treated with uncharacterized herbazed GBF (Table 6; Amer 
et al., 2006). Statistically significant positive effects were only 
observed at the highest dose level tested (200mg/kg body 
weight glyphosate administered p.o.) and were less than two
fold of the control value. As noted above, since the 
mechanism(s) by which SCEs are induced is not understood, 
this report for one GBF does not add significantly to an 
evaluation of general genotoxic potential for GBFs.

In a follow-up to 32P-postlabeling, DNA strand breakage 
and 8-OHdG studies cited in Williams et al. (2000). Heydens

et al. (2008) reported on studies in mice to further investigate 
toxic effects and 8-OHdG levels associated with the routes, 
vehicles and dose levels of the earlier studies. The Heydens 
et al. (2008) publication reported significant GBF-induced 
liver and kidney toxicity for high i.p. doses but no liver or 
kidney toxicity for comparable oral doses. Statistically 
significant increases in 8-OHdG were not observed in the 
latter study under the same conditions as employed by the 
earlier study. The DMSO/olive oil vehicle dramatically 
enhanced the toxicity of GBF administered by the i.p. route 
and the toxicity was also observed for formulation compo
nents without glyphosate. These results indicated that the 
effects reported in the earlier studies were associated with 
high liver and kidney toxicity that was primarily due to the 
non-glyphosate components of the formulation when admin
istered at very high doses via the i.p. route of exposure. The 
toxicity enhancement by the unusual DMSO/olive oil dosing 
vehicle further calls into question whether the 32P-postlabel- 
ing finding represented effects associated with unusual 
toxicity rather than being indicative of adducts formed from 
glyphosate or glyphosate formulation components.

Non-mammalian assays
G lyph osa te  an d  g lyphosate sa lts

The Williams et al. (2000) review noted a negative result for 
glyphosate in the B . su b tilis  H17/M45 rec  bacterial differen
tial killing assay.

As presented in Tabic 7, two subsequent publications 
reported positive Comet results for glyphosate on 
Tradescantia flowers and nuclei (Alvarez-Moya et al., 2011) 
and negative Comet results for oyster sperm cells exposed to 
glyphosate (Akcha et al., 2012). The latter study employed a 
very low maximum exposure of 5 pg/L (zs0.03 pM).

There was one regulatory study of technical glyphosate 
(95.68%) in the B . su b tilis  H17/M45 differential DNA damage 
( re c )  assay (Table 7 and ‘‘online supplementary material” ; 
Akanuma, 1995a). This study employed multiple levels of 
glyphosate on paper disks (up to 240 pg/disk) and measured 
zones of inhibition. No differential toxicity was observed 
indicating a lack of genotoxicity in this assay system. This 
result is in agreement with the earlier reported negative result 
for this assay by Williams et al. (2000).

G lyph osa te -based  fo rm u la tio n s

In the earlier review of Williams et al. (2000), positive results 
were reported for DNA strand breakage in mouse tissues and 
for the comet endpoint in tadpoles of the frog R an a  
ca tesb ian a  exposed to a GBF.

There have been several subsequent publications of results 
for GBFs in a variety of non-mammalian DNA damage assay 
systems (Table 7). Two published DNA damage assays 
in v itro  reported a positive result for a GBF in the E . co li  SOS 
DNA damage test (Raipulis, 2009) and a negative Comet 
result for oyster sperm cells exposed to a very low (5 pg/L 
glyphosate, x;0.03pM glyphosate) concentration of a 
Roundup™-branded GBF (Akcha et al., 2012).

Several recent publications report Comet results for GBFs 
in aquatic species and a reptile (Table 7). Negative Comet
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Table 7. DNA damage assays of glyphosate, glyphosate and GBF’s in non-mammalian systems. cL

Endpoint Test system Test material Maximum dose Result Commenti References
In vitro studies glyphosate and glyphosate salts
Literature studies
Comet Tradcscantia flowers and 

nuclei
Glyphosate (technical, 

96%)
0.7 mM Positive NC Alvarez-Moya et al. (2011)

Comet
Regulatory study

Oyster sperm Glyphosate 5 pg/L ( ^0,03 pM) Negative NC Akcha et al. (2012)

Rec assay

In vitro studies GRF’s
Literature studies

B. subtil is Glyphosate 95.68%) 240 jj-g/disk Negative Akanuma (1995a)

SOS* E. coli RounduprM BIO 
formulation

0.25 pg/sample Positive Raipuhs (2009)

Sperm Comet

In vivo studies GBF’s
Literature studies

Oyster Roundup Express® 5pg/L glyphosate (%0.03 
uM)

Negative NC Akcha et al. (2012)

Comet Freshwater mussel larvae Roundup™ formulation 5 mg/L glyphosate Negative NC Conners & Black (2004)
Erythrocyte
Comet

Carassius an rat us (fish) Roundup™ formulation 15 ppm glyphosate in water 
(2, 4 and 6 d)

Positive Cavas & Konen (2007)

Erythrocyte and gill cell Comet Prochilodus lineatus (fish) Roundup™ formulation 10 mg/L in water (6, 24 and 
96 h)

Positive Cavalcante et al. (2008)

Erythrocyte
Comet

Caiman eggs /hatchlings Roundup® Full 
II formulation

1750 ng/egg Positive Poletta et al. (2009)

Erythrocyte
Comet

Anguilla 
anguilla (eel)

Roundup™ formulation 116 pg/L 
( 1 and 3 d)

Positive NC Guilherme et al. (2010)

Erythrocyte
Comet

Caiman eggs /hatchlings Roundup® Full 
II formulation

Nest sprayed 
3% (3L/100L water/ha)

Positive Poletta et al. (2011)

Liver and gill cell 
Comet

Anguilla 
anguilla (eel)

Roundup® Ultra 116 pg/L 
( 1 and 3 d)

Positive NC Guilherme et al. (2012)

Erythocyte
Comet

Corydoras paleatus (fish) Roundup™ formulation 6.67 pg/L (3, 6 and 9 d) Positive NC de Castilhos Ghisi & 
Cestari (2012)

dSOS response DNA damage assay.
|NC, independent coding of slides for scoring not indicated for visually scored slides. In some cases, coding may have been implied by reference citation.
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results were reported in cells of freshwater mussel larvae 
exposed to a Roundup™-branded GBF at 5 mg/L (glyphosate 
a.i.) In water for 24 h (Conners & Black, 2004). This 
concentration was reported to be one-half of a no observable 
effect concentration and the 24-h LC50 for this GBF was 
reported to be 18.3 mg/L in parallel experiments. Four 
publications reported positive Comet results in aquatic 
vertebrates exposed to Roundup™-branded GBFs in water. 
These publications have a common feature that Comet results 
were reported as categories of visually damaged cells. In one 
publication, increases in nuclei exhibiting comet visual 
damage effects were observed in erythrocytes and gill cells 
of the tropical fish P ro ch ilo d u s lineatus  exposed to 10 mg/L 
of a Roundup'"-branded GBF in water (Cavalcante et al„ 
2008). Measurement of erythrocyte micronucleus frequency 
and nuclear abnormalities did not show statistically signifi
cant increases in these endpoints. A second publication 
reported positive Comet results in erythrocytes of the 
goldfish, C a ra ss iu s  au ra tus, exposed to up to 15 ppm 
glyphosate concentration of a Roundup'"-branded GBF for 
2, 4 or 6 d (Cavas & Konen, 2007). Positive comet results 
were also reported in erythrocytes and liver and gill cells of 
the European eel, A n g u illa  an gu illa , exposed to 0.058 and 
0.116 pg/mL of a Roundup‘ "-branded GBF in water for 1 or 
3d (Guilherme et ah, 2010; Guilherme et ah, 2012). Positive 
comet effects were also observed in liver and blood cells 
isolated from the fish species C o ryd o ra s pa lea tu s  exposed to 
0.067 pg/mL of Roundup'"-branded GBF for 3, 6 or 9 days 
(de Castilhos Ghisi & Cestari, 2012). No toxicity data other 
than the absence of mortality were presented but results were 
negative for the piscine micronucleus endpoint in this study. 
Two publications previously discussed reported positive 
erythrocyte Comet results in caiman hatchlings from eggs 
exposed to Roundup™ Full II GBF (Poletta et ah, 2009; 
Poletta et ah, 2011).

Significance of DNA damage endpoint results
DNA damage endpoints such as SCE or comets are generally 
regarded as supplementary to the gene mutation and chromo
somal damage endpoint categories. They are considered 
indirect measures of genotoxicity. As mentioned above, the 
precise mechanism(s) behind SCE induction are not under
stood. DNA damage as measured by Comet assays does not 
provide information on the consequences of that damage (e.g. 
repair, mutation or cell death) and such endpoints, therefore 
do not directly measure effects on heritable mutations or 
events closely associated with chromosomal mutations. It is 
widely recognized that in v itro  DNA damage endpoints such 
as the SCE or Comet assay can be induced by cytotoxicity and 
cell death processes rather than from DNA-reactive mechan
isms, as discussed below.

There are numerous examples of SCE positive responses 
which are unique compared to other genotoxic endpoints, are 
not concordant with carcinogenicity, or which are induced by 
oxidant stress (Bcnigni, 1989; Bradley et al., 1979; Dccuyper- 
Debergh et ah, 1989; Djelic et ah, 2006; Eckl et ah, 1993; 
Speit, 1986; Tayama and Nakagawa, 1994; Zeiger et ah, 
1990). These examples indicate that the SCE endpoint, 
particularly in in v itro  assays, should not be assumed to

indicate DNA-reactive genotoxicity or to have the same 
weight as genotoxicity assays using other endpoints such as 
gene mutation or chromosomal effects.

Similarly, there are abundant data supporting the concept 
that induction of DNA strand breakage or comet effects can be 
secondary to necrotic or apoptotic processes that do not involve 
DNA reactivity (Amin et ah, 2000; Burlinson et ah, 2007; 
Henderson et ah, 1998; Kiffe el ah, 2003; Storer et al., 
1996; Tice et ah, 2000). Several clear specific examples exist 
of in v itro  induction of comet effects in mammalian cells by 
conditions which do not appear to be relevant to genotoxic 
potential at lower doses or which occur by mechanisms that do 
not involve direct interaction with DNA. These include the 
induction of comet effects by apoptosis inducers which inhibit 
topoisomerases (Boos & Stopper, 2000; Gieseler et ah, 1999); 
cytokine treatment of cultured cells (Delaney et ah, 1997); 
sodium dodecyl sulfate and potassium cyanide (Henderson 
et ah, 1998); colchicine, dl-menthol and sodium acetate (Kiffe 
et ah, 2003); luteolin (Michels et ah, 2005); gossypol 
(Quintana et ah, 2000), carbon tetrachloride (Sasaki et ah, 
1998) and vitamin C (Anderson et ah, 1994). Further examples 
of induction of comet effects of questionable genotoxic 
biological significance include dietary flavonoids quercetin, 
myricetin and silymarin (Duthie et ah, 1997); hemoglobin 
(Glei et ah, 2006); olive oil extracts (Nousis et ah, 2005) and 
capsaicin (Richcux et ah, 1999).

The observation of effects of sodium dodecyl sulfate is 
particularly interesting because it suggests responses to 
surfactants, which are typically components of GBFs. As a 
more specific example, polyoxyethylenealkalylmine (POEA), 
a surfactant component of some GBFs, has been shown to 
elicit cytotoxic effects such as perturbation of the mitochon
drial membrane and disruption of mitochondrial membrane 
potential in cultured mammalian cells (Levine et ah, 2007). 
Surfactant effects provide a very plausible mechanism for 
observations of GBFs inducing DNA damage responses. Such 
responses would be expected to be associated with cytotoxic 
exposures and to exhibit a threshold.

Some data suggest better concordance of the Comet assay 
with other genotoxic endpoints or carcinogenicity in in vivo  
mammalian studies (Brendler-Schwaab et ah, 2005; 
Hartmann et ah, 2004; Kirkland & Speit, 2008). However, 
there are examples of in v ivo  studies of comet effects with 
questionable significance for genotoxicity because of negative 
results tor other in v ivo  genotoxic endpoints or 
carcinogenicity assays, or which appear to be due to toxicity. 
Some examples of non-concordance between comet effects 
and carcinogenicity include thiabendazole, saccharine, tartra- 
zine and ortho-phenylphenol (Brendler-Schwaab et ah, 2005). 
Discordance between carcinogenicity species specificity and 
in v ivo  Comet assay results has also been observed (Sckihashi 
et ah, 2002), as well as other positive results for non
carcinogens (Kirkland & Speit, 2008). Another example of 
questionable in v ivo  genotoxic significance is positive comet 
effects produced in lymphocytes of exercising humans that 
were not accompanied by micronucleus induction (Hartmann 
et ah, 1998).

In the context of unique results for DNA damage systems, 
there are several specific examples of published studies 
considered in this review containing reported positive results
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for DNA damage in contrast to negative or equivocal results 
for chromosomal effect endpoints for glyphosate and glypho
sate salts in mammalian cells in the absence of S9 (Manas 
et al., 2009; Mladinic et al., 2009a; Sivikova & Dianovsky, 
2006) and GBFs in fish species (Cavalcantc ct al., 2008; dc 
Castilhos Ghisi & Cestari, 2012).

Concurrent assessment of cytotoxicity is recommended in 
in vitro and particularly in in vivo studies to assist in the 
interpretation of positive results. The reported “ gold 
standard” for cytotoxicity in in vivo studies is the histo- 
pathological evaluation of the tissues or cells being evaluated 
(Burlinson ct al., 2007). Other measures for evaluating 
cytotoxicity include neutral pH SCGE to detect double 
strand breaks associated with apoptosis or necrosis and 
measurement of “hedgehogs” which arc nuclei in which 
almost all of the DNA is in the tail (Tice et al., 2000). The 
latter are thought to represent dead or dying cells severely 
damaged by cytotoxicity. While “ hedgehogs” are usually not 
included in tabulation of comet effects, they may be used as 
an additional measure of toxic effects (Smith et al., 2008).

As noted earlier in the section “In vitro mammalian cell 
assays” , several Comet studies of glyphosate and GBFs did 
not employ concurrent measures of cytotoxic effects that were 
optimally suitable for the interpretation of a relationship 
between comet DNA damage and cytotoxicity. Examination 
of different markers of toxicity in some studies indicated the 
possibility of association with some markers but not others. 
The development and routine use of cytotoxicity measure
ments with maximum relevance to comet effect mechanisms 
would greatly improve the ability to interpret the significance 
of this endpoint in both in vitro and in vivo mammalian 
systems.

Genotoxicity weight of evidence conclusions
The earlier review of Williams ct al. (2000) applied a weight 
of evidence analysis to the available genotoxicity data. 
Various weighted components included assay system valid
ation, test system species, relevance of the endpoint to 
heritable mutation, reproducibility and consistency of effects 
and dose-response, and relationship of effects to toxicity 
(Williams et al., 2000). The conclusion of that analysis was 
that glyphosate and Roundup™-brandcd GBFs were not 
mutagenic or genotoxic as a consequence of direct chemical 
reaction with DNA. This was supported by a strong prepon
derance of results indicating no effects in in vivo mammalian 
assays for chromosomal effects and consistently negative 
results in gene mutation assays. Although some DNA damage 
responses were noted, these were judged likely to be 
secondary to toxicity rather than DNA reactivity.

Since this earlier review, several genotoxicity studies of 
glyphosate, glyphosate salt solutions and GBFs have been 
published. Additionally, a large number of unpublished 
regulatory studies of glyphosate and GBFs were available 
for this review. A weight of evidence approach was applied to 
these data that considers the same factors used by Williams 
et al. (2000) and which are consistent with recommendations 
for weight of evidence evaluations for genotoxicity data 
(EFSA, 2011; 1CH S2(R1), 2011; UK COM, 2011; U.S. EPA, 
1986; U.S. FDA, 2006). Additional considerations include the
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robustness of the experimental protocols and more recent 
elaborated considerations relevant to whether genotoxic 
effects result from direct interaction with DNA or are 
secondary to other processes such as cytotoxicity (Kirkland 
et al., 2007; Thybaud ct al., 2007).

In terms of composition, the genotoxicity studies of both 
glyphosate and glyphosate salts can reasonably be considered 
together to provide an overall evaluation for the glyphosate 
molecule. This is especially useful when numerous consistent 
results are observed for a particular endpoint. The fact that 
glyphosate is present in all GBFs should be considered in 
evaluating the genotoxicity of GBFs. It is unlikely that 
glyphosate or glyphosate salts would contribute novel 
genotoxic activity (i.e. different from when tested alone) as 
part of a GBF. Analysis of a weight of evidence of 
genotoxicity of GBFs should consider the fact that different 
formulations have different compositions. The weight of 
evidence, therefore, can allow some conclusions about 
genotoxicity typical of GBFs but the possibility always 
exists that individual components could lead to different toxic 
and genotoxic properties.

Apart from genotoxicity, the data indicate that GBFs are 
more toxic to the genotoxicity test systems than glyphosate or 
glyphosate salts, which is consistent with findings in aquatic 
systems (Folmar ct al., 1979; Perkins et al., 2000; Tsui & Chu, 
2003). In many cases a reasonable explanation for this 
difference is that surfactants in GBFs contribute more to 
toxicity than glyphosate or glyphosate salts per se.

Gene mutation is one of the two primary endpoints with 
direct relevance to heritable mutation and is considered to be 
one of the key drivers in the carcinogenic process. A large 
number of regulatory bacterial reverse gene mutation studies 
provide a very consistent pattern that glyphosate, glyphosate 
salts and numerous GBFs are negative in well-conducted GLP 
regulatory assays.

Additionally, there are two regulatory in vitro mammalian 
cell gene mutation (mouse lymphoma tk locus) studies which 
gave negative results for glyphosate. As noted earlier, these 
mouse lymphoma tk locus studies detect large deletions as 
well as gene mutational events that are also detected in the 
CHO/HGPRT locus assay. The earlier reported negative 
CHO/HGRPT result (Williams et al., 2000) and these 
negative tk mutation results support the conclusion that 
glyphosate and glyphosate salts do not induce gene mutations 
in mammalian cells.

The second primary endpoint with direct relevance to 
heritable mutation and the carcinogenic process is chromo
somal effects, such as the induction of chromosomal aberra
tions or micronuclei in cultured mammalian cells. The earlier 
review (Williams et al., 2000) noted mixed results for three 
in vitro chromosomal aberration assays for glyphosate, but 
concluded that the most reliable result was the negative assay. 
No in vitro mammalian cell chromosomal aberration reports 
were noted for GBFs in the Williams et al. review.

A number of in vitro chromosomal aberration and 
micronucleus assay results for glyphosate or glyphosate salts 
have been subsequently published using bovine or human 
lymphocytes. Some technical limitations of these assays were 
discussed earlier and should be considered in the weight 
attributed to these studies. Both positive and negative results
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were reported in these assays. In the absence of exogenous 
metabolic activation, the majority of studies were negative up 
to high (mM) dose levels that were toxic or close to toxic 
levels measured in parallel experiments. Two publications 
from a laboratory reported an increase in micronucleus 
frequencies for glyphosate in human lymphocytes in the 
presence of S9 mix but these studies have several limitations 
discussed earlier that complicate the interpretation of these 
effects.

A recent publication reported positive CB MN results for 
glyphosate in cultured human epithelial cells in the absence of 
metabolic activation at very low dose levels. The dose levels 
and exposure time reported as producing effects were much 
lower than dose levels and exposure times of many published 
and regulatory in v itro  mammalian cell genotoxicity studies 
using different cell types that did not produce either genotoxic 
or toxic effects. Thus, the results of this study, especially the 
quantitative aspects, are quite unusual.

Three regulatory chromosomal aberration studies, which 
used upper dose levels of an estimated 3 mM to around 7 mM, 
gave negative results in both the presence and absence of S9. 
These results therefore agree with the majority of negative 
published data in the absence of S9 and support a weight of 
evidence that glyphosate is not active in in v itro  mammalian 
cell gene mutation or chromosomal aberration assays in the 
presence of S9.

Overall, the weight of evidence indicates that glyphosate 
and glyphosate salts do not typically induce chromosomal 
effects in v itro  in mammalian cells.

Two publications subsequent to the Williams et al. (2000) 
review reported positive results for chromosomal aberrations 
with two different GBFs in two different assay systems. The 
paucity of studies and study limitations discussed earlier 
precludes any general conclusion for GBFs for this endpoint. 
However, as discussed above, the weight of evidence is that 
glyphosate or glyphosate salts are not clastogenic in mam
malian cells, so any positive results with GBFs do not appear 
to be due to glyphosate.

In  vivo  mammalian chromosomal effect studies are a 
particularly important class of studies because they arc the 
pre-eminent core assays for in v ivo  mammalian genotoxicity. 
The Williams et al. (2000) review noted a predominance of 
negative results for glyphosate in these types of assays with 
only one study exhibiting a weak positive result.

Two subsequently published studies of glyphosate or 
glyphosate salt solutions in mouse bone marrow micronucleus 
assays gave discordant results with one study reporting 
positive results. However, eight out of 12 regulatory bone 
marrow micronucleus studies (seven mouse and one rat study) 
of glyphosate or glyphosate salts did not yield any statistically 
significant increases in the frequencies of micronucleated 
PCEs. Three other studies did give statistical increases in MN 
PCE frequency for high dose levels but these were judged not 
to be treatment-related because they were clearly within the 
historical negative control range. A fourth study exhibited a 
statistically significant increase in MN PCE only in females. 
This study had high vehicle control MN PCE frequencies and 
no historical control data were presented. In addition to the 
micronucleus results, a mouse bone marrow chromosomal 
aberration study was also negative. There did not appear to be

any data to suggest that, in the minority of studies that 
exhibited some statistical increases in MN PCE frequencies, 
the effects might be due to factors such as gender, route of 
exposure or dose level. The clearly negative results from the 
vast majority of studies, including a large number of robust 
regulatory studies conducted in accordance with good 
laboratory practices, indicate that, on weight of evidence, 
glyphosate and glyphosate salts are not genotoxic in rodent 
bone marrow micronucleus or chromosomal aberration 
studies.

A preponderance (4/5) of mouse bone marrow micronucleus 
assays on GBFs were indicated as negative in the earlier 
Williams et al. (2000) review. Mixed results were observed in 
subsequent published rodent bone marrow micronucleus or 
chromosomal aberration studies with a majority (4/6) being 
negative including 3/4 studies of Roundup1 “-branded GBFs. 
One rabbit drinking water study of a RounduprM-branded GBF 
was positive but there were some significant limitations of this 
study, and this is an unusual test model with little or no 
background data. Another GBF study reported positive results 
in spermatocytes with extended oral or i.p. treatments. No clear 
explanation exists for the discordant published mouse bone 
marrow results such as unique routes or dramatically different 
maximum dose levels.

The majority of regulatory rodent bone marrow micro
nucleus studies (11 mouse and one rat study) of various GBFs 
gave clearly negative results and the two that had statistical 
increases were also considered negative because the increases 
were well within historical control values.

The large number of negative regulatory studies, in 
combination with a majority of negative published studies, 
indicate that GBFs are generally negative for this important 
in v ivo  endpoint. The preponderance of negative results for 
GBFs is also consistent with a weight of evidence that 
glyphosate or glyphosate salt solutions arc negative for 
chromosomal effects and suggests that formulation surfactant 
components are also negative for chromosomal effects in v ivo.

The micronucleus test detects aneugenic as well as 
clastogenic (chromosomal breakage) events. The negative 
results for the large number of in v ivo  rodent micronucleus 
studies therefore support the conclusion that glyphosate, 
glyphosate salts and GBFs do not induce aneuploidy.

In addition to the rodent bone marrow studies, one 
regulatory rat dominant lethal study of glyphosate, albeit 
with some limitations, appears to confirm the earlier negative 
result for this type of assay, and reinforces the conclusion that 
glyphosate is not genotoxic for mammalian germ cells.

Although generally consistent negative results were 
observed for rodent micronucleus or chromosomal aberration 
assays of GBFs, discordant results were observed in in vivo  
erythrocyte micronucleus studies of fish, amphibians and 
reptiles. In addition to some technical limitations there is 
considerably less experience with these assay systems, and 
consequently these should have less influence in evaluating 
overall weight of evidence for chromosomal effects.

In general, induction of DNA damage is considered 
supplementary to induction of gene mutations and chromo
somal effects because it does not directly measure heritable 
events or effects closely associated with heritable events. 
Regulatory genotoxicity testing focuses on gene mutation and
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chromosomal effects for initial in v itro  core testing (Cinrino, 
2006; Eastmond et al., 2009; EFSA, 2011; ICHS2(R I), 2011; 
UK COM, 2011).

The Williams et al. (2000) review noted negative DNA 
damage results for technical glyphosate in the B . su b tilis  rec  
assay and the primary hepatocyte UDS assay, but noted 
positive or equivocal results for SCE assays in  v itro  in human 
or bovine lymphocytes. The negative results for the B . su b tilis  
rec  and primary hepatocyte UDS assays have been confirmed 
in subsequent regulatory studies. The UDS result provides 
information on the lack of in v itro  genotoxic activity when 
mammalian metabolic activation other than S9 is employed.

Subsequent literature publications indicated several posi
tive responses for in  vitro  mammalian DNA damage endpoint 
assays of glyphosate or glyphosate salts. These include an 
SCE response in bovine lymphocytes and four positive Comet 
results in cultured mammalian cell lines or human lympho
cytes. The positive Comet results were observed in the 
absence of mammalian metabolic activation and generally at 
concentrations in the mM range but one publication found 
positive results at much lower dose levels in human epithelial 
cells. As noted earlier, observations of differential responses 
in Comet and chromosomal aberration assays for some of 
these studies provide some support for the conclusion that the 
SCE or Comet responses observed may not be predictive of 
effects on other more relevant endpoints.

The Williams et al. (2000) review noted some equivocal or 
positive Roundup'“ -branded GBF results for the SCE endpoint 
in human lymphocytes and reports of DNA strand breakage in 
mouse tissues and induction of comets in tadpoles. An 
observation of mouse liver DNA adducts for a GBF were 
considered to be of questionable significance. Subsequent 
literature results for DNA damage in mammalian systems 
included induction of SCE in cultured mammalian cells and in 
mouse bone marrow for the uncharacterized herbazed formu
lation and induction of comets in cultured mammalian cells 
with a Roundup™ UllraMax formulation. There were a 
number of Comet assay reports for GBFs in a variety of 
aquatic organisms with a preponderance of positive results.

The fact that DNA damage is usually only seen at high, 
toxic concentrations in v itro  (e.g. in the 1-10 mM concentra
tion range) or in v ivo  where tissue damage might be induced, 
suggests that cytotoxic effects rather than DNA interaction 
may be responsible for the DNA damage reported for 
glyphosate, glyphosate salts and GBFs. In many Comet 
assay publications parallel data on toxic effects most directly 
relevant to comet mechanisms are lacking, and, in addition, 
many of the positive DNA damage results have been observed 
for GBFs in non-standard test systems. It is hoped that 
clarification of the mechanism and significance of comet 
effects can be improved by the more routine use of relevant 
markers such as quantitation of double-strand breaks and 
hedgehogs and histopathology, as appropriate, for in v ivo  
studies. Studies with protocols for specifically identifying 
surfactant effects would also be useful in clarifying the 
significance of DNA damage effects of GBFs. However, it 
seems reasonably clear that GBFs are more toxic than the a.i. 
and a reasonable conclusion is that consistency of observa
tions of DNA damage, particularly comets, with GBFs might 
be secondary to the toxicity of GBF surfactants.

310 Glyphosate and GBF genotoxicity review

As discussed extensively in the section “ DNA damage” 
there are both general and specific reasons to consider DNA 
damage assays as subordinate in a weight of evidence for 
genotoxic risk, especially when they may arise from mech
anisms secondary to toxicity. Whatever the precise causes of 
these DNA damage effects, they do not translate into gene 
mutations or chromosomal damage as demonstrated by the 
large preponderance of negative results for glyphosate, 
glyphosate salts and GBFs in well-conducted bacterial 
reversion and in v ivo  rodent bone marrow micronucleus 
assays.

In addition to considering the results relevant to 
genoioxicity hazard assessment, an important additional 
perspective on risk can be provided by comparing levels 
used in experimental studies with expected human levels. For 
example, estimated margins of exposure between the in v ivo  
genotoxicity test systems (e.g. lOOOmg/kg body weight 
exposure) and calculated systemic doses from an exposure 
study of farmers (Acquavella et al., 2004; 0.004 mg/kg 
maximum systemic exposure; 0.0001 mg/kg geometric mean 
systemic exposure) are in the range of 250 000 for maximum 
systemic exposure and 10 million for geometric mean 
systemic exposure. The margins of exposure compared to 
in v itro  mammalian cell exposures are also quite large. 
Assuming uniform distribution, the estimated systemic con
centration of glyphosate from the Acquavella et al. (2004) 
farmer biomonitoring study would be of the order of 24 nM 
for the maximum and 0.59 nM for the geometric mean 
exposure. A typical maximum in v itro  mammalian exposure 
of 5 mM represents margins of exposure of 208 000 for the 
maximum farmer systemic exposure and 8.5 million for the 
geometric mean farmer systemic exposure. Similarly, expos
ure levels evaluated in several published DNA damage and 
micronucleus assays in non-mammalian species were con
ducted at much higher glyphosate concentrations than 
anticipated under typical environmental conditions. Relevant 
environmental concentrations representing biologically avail
able glyphosate are not equivalent to application rates. 
Sorption to soil and sediment occurs following glyphosate 
applications, significantly diminishing or eliminating glypho
sate and POEA surfactant bioavailability to environmental 
species (Giesy, 2000).

This evaluation of the large volume of genotoxicity data 
available presents a convincing weight of evidence supporting 
the lack of genotoxic potential for both glyphosate and typical 
GBFs in core gene mutation and chromosomal effect 
endpoints. Given this conclusion, and for other reasons 
discussed, the observation of DNA damage effects seems 
likely to be secondary to cytotoxic effects. The lack of 
genotoxic hazard potential evidenced by core gene mutation 
and chromosomal effect studies, coupled with the very low 
human and environmental species systemic exposure potential 
discussed above, indicate that glyphosate and typical GBFs 
present negligible genotoxicity risk.
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FOREWORD 9  OPEN ACCESS

Evaluating the potential carcinogenic hazard of glyphosate

Critical Reviews in Toxicology (CRT) has been a leader for 
more than four decades In publishing scientific reviews 
evaluating the health hazards of exposure to chemicals that 
are widely used around the globe. These reviews have 
been internationally recognized for their comprehensive 
coverage of contemporary topics ranging from novel testing 
and assessment strategies to the characterization of the 

'  potential hazards associated with chemicals. The reviews 
evaluating potential chemical hazards and risk typically 
cover and integrate evidence from multiple avenues of 
investigation, including molecular and cellular research, ani
mal investigations and epidemiological studies. From its first 
issue in 1971 to the present, CRT has a well-earned reputa
tion for scientific rigor and thoroughness of its external 
peer review.

This Special Issue of CRT contains five papers each 
addressing aspects of the evaluation of the potential carcino
genic hazard of glyphosate, a chemical discovered by a scien
tist at Monsanto Company in 1970. Glyphosate was rapidly 
commercialized and initially marketed in 1974 as Roundup. 
Since going off patent in 2000, glyphosate has been pro
duced and marketed by a growing number of companies. It 
is one of the most widely used agricultural chemicals in the 
world and has been of great benefit in weed control and 
enhanced productivity of a number of crops.

Monsanto conducted the first safety evaluations on gly
phosate prior to marketing of products containing the chem
ical. These in-house evaluations were followed by review and 
approval for marketing by the U.S. Environmental Protection 
Agency and then other government agencies around the 
world. Scientific information available on the potential health 
hazards of glyphosate continues to increase and is now 
voluminous.

The International Agency for Research on Cancer (IARC) 
announced in 2014 that it was going to review glyphosate 
along with four pesticides for their potential carcinogenic 
hazard. Four review papers, commissioned by Monsanto 
Company, addressing various aspects of the toxicity of gly
phosate and glyphosate-based formulations, were submitted 
to Critical Reviews in Toxicology, subjected to rigorous exter
nal review, revised and published in CRT prior to the IARC 
meeting (Kimmel et al. 2013; Kier & Kirkland 2013; Kier 2015; 
Greim et al. 2015). Those papers were frequently accessed 
on-line and, most importantly, copies were provided to IARC 
prior to the meeting of the iARC review panel in Lyon, France 
in March 2015.

The IARC Panel classified glyphosate in Category 2a, prob
ably carcinogenic to humans. At the conclusion of the review, 
IARC released a press announcement reporting key results of 
the review; this was followed by publication of a summary

paper (Guyton et al. 2015) and publication of a monograph 
(IARC 2015). The conclusions of the IARC Panel were a sur
prise to many scientists who had followed the literature on 
the potential health hazards of glyphosate over many deca
des. This was especially the case because the ¡ARC classifica
tion of glyphosate as probably carcinogenic to humans ran 
counter to the conclusions of a number of previous carcino
genic hazard assessments conducted by multiple government 
agencies around the world.

Following the IARC carcinogenic hazard classification of 
glyphosate, the Monsanto Company engaged Intertek, a sci
entific and regulatory consulting firm, to convene an Inde
pendent scientific panel to evaluate and synthesize the 
scientific evidence of the potential carcinogenic hazard of 
glyphosate. The activities and conclusions of the independent 
panel are reported in the five papers in this special issue. 
Each of the five papers was rigorously reviewed by 5-10 
independent reviewers selected by the CRT Editor and 
anonymous to the authors. A total of 27 different reviewers 
participated with several of the individuals reviewing all five 
papers. The authors of each paper were provided the review 
comments on their paper and asked to make appropriate 
revisions. The final papers, published here, represented the 
work product of the authors. Each paper includes an 
Acknowledgements section and an extensive Declaration of 
Interest section.

In order to facilitate the broadest possible readership, 
Intertek requested that these five papers be published in a 
sponsored Open Access Supplement Issue in the 2016 vol
ume of Critical Reviews in Toxicology. Negotiations for such 
sponsored supplements are customarily conducted between 
the sponsor and publisher, separate from the review process, 
thereby maintaining the journal's editorial independence. The 
Editor-in-Chief was not party to these negotiations.

It is anticipated that scientific discussions concerning the 
science of the potential carcinogenic hazards of glyphosate 
and its use will continue for some time along with related 
discussions of how this science informs policy decisions on 
the regulation of glyphosate-containing products. The con
tents of these five papers, the extensive listing of references 
in each paper and the Supplemental Material (available on
line for several of the papers), will contribute to and facilitate 
continued scientific discussions and policy decisions on this 
widely used chemical.
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ABSTRACT
The International Agency for Research on Cancer (IARC) published a monograph in 2015 concluding 
that glyphosate is "probably carcinogenic to humans" (Group 2A) based on limited evidence In humans 
and sufficient evidence In experimental animals. It was also concluded that there was strong evidence 
of genotoxlcity and oxidative stress. Four Expert Panels have been convened for the purpose of con
ducting a detailed critique of the evidence in light of lARC's assessment and to review all relevant infor
mation pertaining to glyphosate exposure, animal carcinogenicity, genotoxicity, and epidemiologic 
studies. Two of the Panels (animal bioassay and genetic toxicology) also provided a critique of the IARC 
position with respect to conclusions made in these areas. The incidences of neoplasms in the animal 
bloassays were found not to be associated with glyphosate exposure on the basis that they lacked stat
istical strength, were inconsistent across studies, lacked dose-response relationships, were not associ
ated with preneoplasia, and/or were not plausible from a mechanistic perspective. The overall weight 
of evidence from the genetic toxicology data supports a conclusion that glyphosate (Including GBFs 
and AMPA) does not pose a genotoxic hazard and therefore, should not be considered support for the 
classification of glyphosate as a genotoxic carcinogen. The assessment of the epidemiological data 
found that the data do not support a causal relationship between glyphosate exposure and non- 
Hodgkin's lymphoma while the data were judged to be too sparse to assess a potential relationship 
between glyphosate exposure and multiple myeloma. As a result, following the review of the totality of 
the evidence, the Panels concluded that the data do not support lARC's conclusion that glyphosate is a 
"probable human carcinogen" and, consistent with previous regulatory assessments, further concluded 
that glyphosate is unlikely to pose a carcinogenic risk to humans.
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Introduction
B a c k g ro u n d  on  g ly p h o sa te

Glyphosate, or N-(phosphonomethyl)glycine (CAS# 1071-83-6), 
is a widely used broad-spectrum, nonselective post-emergent 
herbicide that has been in use since 1974. Glyphosate effect
ively suppresses the growth of many species of trees, grasses, 
and weeds. Glyphosate works by interfering with the synthe
sis of the aromatic amino acids phenylalanine, tyrosine, and 
tryptophan, through the inhibition of the enzyme 5-enolpyru- 
vylshikimate-3-phosphate synthase (EPSPS). Inhibition of the 
synthesis of these amino acids stops growth of plants such as 
weeds. Importantly, EPSPS is not present in mammals, which 
obtain their essential aromatic amino acids from the diet.

A wide variety of new uses have been developed for gly
phosate in agricultural, industrial, and home & garden appli
cations. Glyphosate accounts for approximately 25% of the 
global herbicide market (http://www.glyphosate.eu). 
Glyphosate is currently marketed under numerous trade 
names by more than 50 companies in several hundreds of 
crop protection products around the world. More than 160 
countries have approved uses of glyphosate-based herbicide 
products (http://www.monsanto.com). To further enhance the 
effectiveness of glyphosate in agriculture, a number of genet
ically modified crop varieties have been developed which are 
tolerant to glyphosate (i.e. allows for application after emer
gence of the crops). In addition, given its effectiveness and 
broad-spectrum activity, glyphosate is also used worldwide 
for forestry, rights of way, landscape, and household control 
of weeds.

Glyphosate is a relatively simple molecule which consists 
of the amino acid glycine and a phosphonomethyl moiety 
(Figure 1). As such, glyphosate has no structural alerts for 
chromosomal damage, genotoxlcity, mutagenicity, or carcino
genicity when analyzed by DEREK (Deductive Estimation of 
Risk from Existing Knowledge) (Kier & Kirkland 2013). It is a 
polar molecule that is incompletely (15-36%) absorbed orally, 
undergoes very little biotransformation, and is rapidly 
excreted unmetabolized (Williams et al. 2000). A molecule 
with these characteristics would be expected to exhibit, if 
any, only a low order of toxicity. The results from toxicity 
studies and regulatory risk assessments have been consistent 
with that expectation (JMPR 1987, 2006; US EPA 1993; WHO 
1994; Williams et al. 2000; European Commission 2002; EFSA 
2015).

O O
HO -  C - CH2NH - CH-. - P - OH

'  i

OH
Figure 1. Structure of glyphosate.

P re v io u s  a s s e s s m e n ts  o f  th e  c a r c in o g e n ic i t y  o f  
g ly p h o s a te

The safety, including the potential carcinogenicity, of glypho
sate has been reviewed by scientists and regulatory author
ities worldwide, including the US Environmental Protection 
Agency (US EPA), the European Commission, and the 
Canadian Pest Management Regulatory Agency (Health and 
Welfare Canada 1991; US EPA 1993, 2013; WHO 1994; 
Williams et al. 2000; European Commission 2002; Kier & 
Kirkland 2013; EFSA 2015; Health Canada 2015; JMPR 2016). 
The conclusion of all these reviews is that proper use of gly
phosate and glyphosate-based formulations (GBFs) does not 
pose a genotoxic or carcinogenic hazard/risk to humans.

The first assessment of glyphosate's carcinogenic potentia 
was undertaken by the US EPA in 1985. This review was done 
by a US EPA panel that then was called the Toxicology 
Branch Ad Hoc Committee, which comprised members of the 
Toxicology Branch of the Hazard Evaluation Division. At that 
time, two chronic animal bioassays were available: a com
bined chronic toxicity/carcinogenicity study in Sprague- 
Dawley rats and a carcinogenicity study in CD-I mice. The 
Agency concluded that the data did not demonstrate a car
cinogenic response in rats. However, the US EPA also con
cluded that the dose levels used in that study were 
inadequate for assessing glyphosate's carcinogenic potential 
in this species. The US EPA concluded that there was limited 
evidence of an increased incidence of renal tubule adenomas 
in male mice at the high-dose level (4841 mg/kg/day), a dose 
that greatly exceeds the limit dose level (1000 mg/kg/day) for 
carcinogenicity testing with pesticides (OECD 2009). Based on 
this information, the Agency initially classified glyphosate as 
a Group C (Possibly Carcinogenic to Humans: Agents with 
limited animal evidence and little or no human data) carcino
gen (see US EPA 1991a).

The kidney slides from the mouse study were subse
quently reexamined by a consulting pathologist (Dr. Marvin 
Kuschner M.D., Dean, School of Medicine, State University of 
New York at Stony Brook), and three other scientists (Dr. 
Robert A. Squire, Robert A. Squire Associates Inc., Ruxton 
Maryland; Dr, Klaus L. Stemmer M.D., Kettering Laboratory, 
University of Cincinnati Medical Center; Dr. Robert E. Olson, 
M.D., Ph.D., Professor of Medicine and Pharmacological 
Sciences, State University of New York at Stony Brook) also 
reviewed the slides and/or the chronic toxicity data. All these 
scientists concluded that there was no relationship to treat
ment (US EPA, 1986a). In addition, a Pathology Working 
Group (PWG), consisting of 5 pathologists (Dr. RM Sauer, 
Dr. MR Anver, Dr. JD Strandberg, Dr. JM Ward, and Dr. DG 
Goodman), was also assembled and they issued the following 
conclusion: "This PWG firmly believes and unanimously con
curs with the original pathologist and reviewing pathologist 
that the incidences of renal tubular cell neoplasms in this 
study are not compound related" (US EPA 1986a).

All available information was presented to an US EPA 
FIFRA Science Advisory Panel (SAP) in February 1986. The SAP 
determined that the carcinogenic potential of glyphosate 
could not be determined from the existing data and pro
posed that a chronic rat and/or mouse study be conducted
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in order to clarify these unresolved questions; the panel 
also proposed that glyphosate be categorized as Group D or 
having "inadequate animal evidence of oncogenicity" (US 
EPA 1986b).

After considering the SAP's conclusions and recommenda
tions, the US EPA requested that a new 2-year rat oncogen
icity study be conducted. In 1991, after the new rat study 
was completed, the US EPA re-convened its Carcinogenicity 
Peer Review Committee to review the results of this study as 
well as all of the relevant scientific data on glyphosate (US 
EPA 1991a). The Committee concluded that glyphosate 
should be classified in Group E (evidence of non-carcinogen
icity) based upon the lack of a carcinogenic response in two 
animal species. Subsequent réévaluations by US EPA (1993, 
2012, 2013) have re-affirmed the Agency's earlier conclusion.

After Monsanto had marketed glyphosate-based herbicide 
products for a number of years, other companies entered the 
glyphosate market; as a result, some of them generated sub
stantial, or even complete, additional toxicology databases. 
The first additional databases that became available were 
generated by Chemlnova and Syngenta in the mid- to late 
1990s timeframe. Additional data packages were subse
quently generated by other companies (e.g. Arysta, Excel, 
Feinchemie, Nufarm) and became available in the mid- and 
late 2000s timeframe.

In addition to new studies conducted to meet regulatory 
guidelines and support various re-registration processes 
globally, new epidemiology and genotoxlcity studies (testing 
glyphosate and glyphosate-based herbicide formulations) 
began to appear in the scientific literature in the late 1990s 
and early 2000s. One of the first epidemiological investiga
tions of interest involving glyphosate published in the scien
tific literature was that of Hardel! and Eriksson (1999), and 
other epidemiology studies were periodically published after 
2000 up until the present. Genetic toxicology studies of gly
phosate and GBFs began to appear in the literature in 
Increasing numbers throughout the 1990s and were reviewed 
by Williams et al. (2000). The occurrence of such studies has 
increased during the 2001-2015 timeframe: approximately 
125 such genotoxicity studies were reviewed by Kier and 
Kirkland (2013), and an additional 40 genotoxicity biomonl- 
torlng studies of GBFs were reviewed by Kier (2015).

As glyphosate underwent reregistration processes by 
major national regulatory authorities and additional reviews 
by other health agencies after 2000, these evaluations 
included more and more of the new toxicology, genotoxicity, 
and epidemiology information generated after the initial 
Monsanto animal bloassay studies. For example, a 2004 Joint 
Meeting of the FAO Panel of Experts on Pesticide Residues 
(JMPR) in Food and the Environment and the WHO Core 
Assessment Group concluded that there was an absence of 
carcinogenic potential in animals and a lack of genotoxicity 
in standard tests; thus, "the Meeting concluded that glypho
sate is unlikely to pose a carcinogenic risk to humans” (JMPR 
2006). The Australian Pesticides and Veterinary Medicines 
Authority (APVMA) evaluated the active ingredient and con
cluded that the evidence shows that glyphosate is not geno- 
toxic or carcinogenic (APVMA 2013). The US EPA conducted a 
comprehensive Human Health Risk Assessment In 2012

(US EPA 2012). The Agency noted that "no evidence of car
cinogenicity was found in mice or rats," and US EPA con
cluded that "glyphosate does not pose a cancer risk to 
humans" (US EPA 2013). Health Canada's Pesticide 
Management Regulatory Agency (PMRA) completed a com
prehensive review of glyphosate as part of the reregistration 
process in that country. PMRA concluded that "the overall 
weight of evidence indicates that glyphosate is unlikely to 
pose a human cancer risk" (Health Canada 2015). The com
plete genotoxicity, carcinogenicity, and human epidemiology 
databases were evaluated by the German Federal Institute for 
Risk Assessment (BfR) for the European Commission on the 
Annex 1 renewal of glyphosate. The BfR concluded that gly
phosate is unlikely to pose a carcinogenic risk to humans 
(Markard 2014). This conclusion was supported by the peer 
review evaluation conducted by the European Food Safety 
Authority (EFSA) both before and after a mandate from the 
European Commission to consider the findings from IARC 
regarding glyphosate's carcinogenic potential (EFSA 2015). 
Most recently, JMPR (2016) reviewed the data and concluded 
that: "glyphosate is unlikely to pose a carcinogenic risk to 
humans from exposure through the diet."

IA R C  a s s e s s m e n t  o f  th e  c a r c in o g e n ic i ty  o f  g ly p h o s a te

The International Agency for Research on Cancer (IARC) in 
2015 undertook an evaluation of the oncogenic potential of 
glyphosate as part of Its Monograph Programme. Glyphosate, 
along with four other pesticides (the insecticides diazinon, 
malathion, parathion, and tetrachlorvinphos), was considered 
by an IARC Working Group, which met in March 2015 at IARC 
in Lyon, France. A brief summary of lARC's conclusions was 
initially published in The Lancet Oncoiogy on 20 March 2015 
(Guyton et al. 2015), and the full IARC Monograph (Volume 
112) was published online on 29 July 2015 (IARC 2015). IARC 
concluded that glyphosate is "probably carcinogenic to 
humans (Group 2A)" based on limited evidence in humans 
and sufficient evidence in experimental animals; it was also 
concluded that there was strong evidence of genotoxicity 
and oxidative stress (IARC 2015),

E x p e r t  P a n e l c r it iq u e  o f  th e  IA R C  a s s e s s m e n t  a n d  r e v ie w  
o f  r e le v a n t  d a ta

Since the IARC conclusions were found to be in such stark 
contrast to those from all other assessments of carcinogenic 
potential, it was decided that a thorough review should be 
conducted by scientists in the area of cancer risk assessment, 
critiquing lARC's processes where appropriate. Toward that 
end, Intertek Scientific & Regulatory Consultancy (Intertek, 
Mississauga, Ontario, Canada)' was commissioned by the 
Monsanto Company to assemble panels of scientific experts 
in the four areas considered by IARC: exposure; epidemiology; 
cancer in experimental animals; mechanistic and other rele
vant data (focused on genotoxicity and oxidative stress).

Fifteen scientific experts were selected on the basis of 
their expertise and standing within the international scientific 
community (i.e. publication history, participation in scientific
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Table 1. Composition of the four Expert Panels.
Expert panel group* Name of participating scientist Affiliation of scientist
Human exposures Keith R. Solomon Centre for Toxicology, University of Guelph, Guelph, ON Canada
Carcinogenicity bioassays Gary M. Williams

Sir Coiin Berry
Michele M. Burns
Joao Lauro Viana de Camargo
Helmut A. Greim

Professor of Pathology, New York Medical College, Valhalla, NY
Emeritus Professor of Pathology, Queen Mary, University of London, London, UK
Boston Children 5 Hospital, Boston, MA, USA
Professor o f Pathology, Botucatu Medical School, Sao Paulo State Univ, UNESP, SP, Brazil 
Emeritus Professor o f Toxicology and Environmental Hygiene, Technical University of Munich, 

Germany
Genotoxlcity David Brusick 

Marilyn Aardema 
Larry D. Kief 
David J. Kirkiand 
Gary M. Williams

Toxicology Consultant, Bumpass, VA, USA 
Marilyn Aardema Consulting, LLC, Fairfield, OH, USA 
Private Consultant, Buena Vista, CO USA 
Kirkland Consulting, Tadcaster, UK
Professor o f Pathology, New York Medical College, Valhalla, NY

Epidemiology John Acquavella 
David Garabrant

Gary Marsh

Tom Sorahan 
Douglas L. Weed

Professor, Department of Clinical Epidemiology, Aarhus University, Denmark 
EpidStat Institute; Emeritus Professor of Occupational Medicine and Epidemiology,

University of Michigan
Professor of Biostatistics, Director and Founder, Center for Occupational Biostatistics & Epidemiology, 

University of Pittsburgh, Graduate School of Public Health, Pittsburgh, PA, USA 
Professor of Occupational Epidemiology, University of Birmingham, Birmingham, UK 
DLW Consulting Services, LLC; Adjunct Professor, University of New Mexico School of Medicine, 

Albuquerque, NM, USA
’ Ashley Roberts of Intertek Scientific & Regulatory Consultancy served as facilitator for each of the four panels.

and regulatory committees, and familiarity with regulatory 
authorities) and recruited by Intertek to participate on these 
Expert Panels. Panelists were recruited and assigned to one 
of the four areas considered by IARC (noted above) based on 
their areas of expertise; two panelists participated In two 
areas. A sixteenth scientific expert from Intertek participated 
on the Expert Panels and served as the overall organizer and 
facilitator for the panel meetings. A listing of the experts, 
their affiliations, and the specific "Panel" on which they 
served Is presented in Table 1.

Prior to the meeting, all key studies/publlcatlons cited by 
IARC were made available to the panelists for their review; 
panelists were told to request any additional information 
they felt was necessary for them to conduct a thorough 
evaluation. The epidemiology panel conducted its own inde
pendent literature search. The scientists were asked to closely 
examine the studies/data that IARC used to come to their 
conclusions; panelists were also advised to examine any add
itional Information needed to come to an overall conclusion 
in their respective areas.

Based on the scope of the information to be evaluated, it 
was decided that the panels would meet over a 2-day period 
to discuss all relevant Information and make appropriate con
clusions regarding the carcinogenic potential of glyphosate. 
As needed, the expert scientists held pre-meeting phone con
ferences and communicated via email to establish and plan 
how they would prepare for and conduct their review at the 
Expert Panels review meeting. Since the amount, nature, and 
quality of the data used by IARC varied considerably across 
the four areas, the evaluation approaches used by the expert 
panelists in their specialist areas varied somewhat as well. 
The Expert Panels Meeting was held on 27-28 August 2015 
at Intertek in Mississauga, Canada. On the first day of the 
meeting, the discussions focused on the exposure and human 
epidemiology data. The second day of the meeting began 
with a summation of epidemiology and exposure discussions/ 
conclusions and then focused on the animal bioassay and 
genotoxicity/oxidative stress data. After the Expert Panels 
met, the reports for the four individual areas were developed

by designated scientists; the content of these reports was 
finalized through additional phone conferences and email 
communications as necessary with the other panel members. 
As indicated previously, due to the large amount of data and 
Information evaluated by the individual panels and the sub
sequent length of the individual reports, it was decided to 
prepare four separate specialist manuscripts covering the 
methodologies applied and their respective outcomes and 
conclusions. This report presents a summary of the delibera
tions, and conclusions reached, by the Expert Panels in the 
four areas of research. Prior to publishing the Expert Panels 
findings, they were presented at the Society for Risk Analysis 
Annual Meeting at Arlington, Virginia on 7 December 2015.

As a preface to the remainder of the document, the pro
cess by which IARC identifies and reviews data must be com
pared with that employed by the Expert Panel(s). IARC only 
reviews data included in: "reports that have been published 
or accepted for publication in the openly available scientific 
literature" or "data from governmental reports that are pub
licly available" (IARC 2006). In addition, IARC reviews and 
assesses these data in the context of hazard (i.e. inherent car
cinogenic potential) not risk (I.e. the likelihood of carcino
genic effects at exposure levels humans may encounter). As a 
result, the conclusion of IARC is often solely associated with 
hazard. In contrast to IARC, toxicology, mechanism, and 
exposure Expert Panels evaluated all of the available scientific 
data, including the results of a number of unpublished 
reports, some of which have been submitted to and reviewed 
by regulatory authorities. These reports document GLP- and 
OECD/FDA Redbook guideline compliant studies, conducted 
to assess the genotoxic and carcinogenic potential of glypho
sate. In essence, these studies provide the highest quality of 
documentation and verification; hence, a balanced assess
ment requires the inclusion of such studies in the review pro
cess. The third panel (epidemiology) took an approach 
consistent with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines for system
atic reviews (Moher et al. 2009), standard approaches to crit
ically evaluating epidemiologic studies (Aschengrau & Seage
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2003a,b; Sanderson et al. 2007) and well-recognized interpret
ative methods -  e.g. the crlteria-based methods of causal 
inference (Hill 1965, 1971) - sometimes referred to as "weight 
of evidence" (WoE) methods (Weed 2005). In addition to the 
identification of hazard potential, the Expert Panels assessed 
exposure data to provide a perspective from which to com
ment on potential risk. In the absence of carcinogenic hazard, 
however, no risk is present regardless of exposure. The con
clusions reached by the Expert Panels and IARC clearly differ. 
However, in the opinion of the Expert Panel(s) this is not due 
to differences in process (hazard versus risk assessment), but 
rather the result of the exclusion from the IARC review pro
cess of key data (animal bioassay and genotoxiclty) or differ
ences in the interpretation of the data that was assessed 
particularly in regard to the animal bioassay results. Given 
these differences, even without the data IARC did not include, 
there is no support for lARC's conclusion that glyphosate is 
"probably carcinogenic to humans." This critique is presented 
and discussed in the context of the Expert Panels' assessment 
of the totality of the data.

Exposures to glyphosate
Unpublished reports of studies on exposure to glyphosate in 
applicators were provided by Monsanto Company which cov
ered uses in agriculture and forestry (see Solomon 2016 for 
additional details and bibliography). Other data on exposures 
were obtained from the open literature as a result of searches 
in PubMed®, references in reviews, and Google Scholar®. 
These papers and reports were grouped into sources of expo
sures and the data analyzed as described below.

Only one paper reported concentrations of glyphosate in 
air. In a study conducted in Iowa, Mississippi, and Indiana in 
2007 and 2008, concentrations of glyphosate and its major 
environmental degradate, aminomethylphosphonic acid 
(AMPA), were measured In air and precipitation (Chang et al. 
2011). For estimation of human exposure, it was assumed 
that there was 100% absorption of glyphosate from the air 
Into the body of a 70 kg human breathing 8 m3 air (half a day 
for an adult) (US EPA 2009). Also, surface water measure
ments of glyphosate as part of the National Water-Quality 
Assessment (NAWQA) program (USGS 2015) since 2002 were 
downloaded from the NAWQA data warehouse and then 
sorted by concentration. All values measured across the US 
between 2002 and 2014 were pooled for the analysis. Where 
concentrations were less than the level of detection (0.02 gg 
glyphosate acid equivalents (a.e.)/L), these values were substi
tuted with a dummy value of "zero.” Although chlorine and 
ozone are highly effective in removing glyphosate and AMPA 
during purification of drinking water (Jonsson et al. 2013), it 
was assumed that treatment did not remove any glyphosate. 
The estimated concentrations are thus a worst-case.

Studies documenting exposures through food and to 
"bystanders” (persons who are located within or directly adja
cent to areas where pesticides are applied but who are 
not actively involved in the process) were reviewed and 
data extracted (Acquavella et al. 2004; Curwin et al. 2007; 
Mesnage et al. 2012; Hoppe 2013; Honeycutt & Rowlands 
2014; Niemann et al. 2015). For those measurements,

publications that provided actual systemic dose calculations 
were used rather than estimates calculated from default 
exposure factors (e.g. body weight (bw), water consumption, 
breathing rate, etc.), Where dietary exposures were calculated 
the urinary concentration was used to calculate the systemic 
dose on the assumption of 2 L of urine per day and a 60 kg 
person (Niemann et al. 2015). In 2013, the JMPR reviewed 
dietary exposures to glyphosate (glyphosate, N-acetyl glypho
sate, AMPA, and N-acetyl AMPA) and calculated the inter
national estimated daily intakes (IEDI) of glyphosate for 13 
regional food diets (JMPR 2014). These lEDIs were based on 
estimated mean residues from supervised trials under normal 
or good agricultural practice. The US EPA has calculated 
exposures to glyphosate using the Dietary Exposure 
Evaluation Model (DEEM, ver 7.81), based on tolerance levels 
for all commodities and modeled estimates of exposures 
from food and drinking water for the overall US population 
(US EPA 2012). For studies using dosimetry, the normalization 
to systemic dose was conducted using the following assump
tions: 70 kg adult, 2.1 m2 surface area for a 70 kg male (US 
EPA 2009), 10% penetration through clothing if not actually 
measured, 1% dermal penetration. The estimated systemic 
doses were ranked from smallest to largest and a cumulative 
frequency distribution derived. These values were plotted on 
a log-probability scale, The median (50th centile) and 90th 
centile values were calculated from the raw data using the 
Excel function < =percentile>.

Where an applicator makes a single application, the sys
temic dose of glyphosate can be estimated from the total 
amount of glyphosate excreted in the urine over the 4 or 5 
days following and including the day of application 
(Acquavella et al. 2004). If applications are conducted every 
day, the amount excreted each day provides a time-weighted 
average for daily exposures. Because glyphosate is applied 
Infrequently in normal agricultural practice, the assumption 
of a single initial exposure is considered appropriate for risk 
assessment purposes.

E x p o s u re s  v ia  a ir

Based on the above assumptions, Inhaling glyphosate in air 
at the maximum measured concentration would result in an 
exposure of 1.04 x  10“ 6 mg/kg body mass (bm)/day. This is 
about five orders of magnitude less than the systemic ADI 
proposed by EFSA (2015).

E x p o s u re s  v ia  w a te r

The concentrations of glyphosate measured in US surface 
waters ranged from 0.02 to 73 gg/L. The 90th centile value 
was 0.79 pg/L (see Solomon (2016) for details of the calcula
tions), more than four orders of magnitude less than the 
EFSA ADI.

E x p o s u re s  fro m  fo o d  a n d  in  b y s ta n d e rs

Estimates of glyphosate exposures to bystanders and the 
general public have been reported by various investigators
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(Curwin et al. 2007; Mesnage et al. 2012; Hoppe 2013; 
Honeycutt & Rowlands 2014; Kruger et al. 2014; Markard 
2014). In these studies, the range for estimates of systemic 
doses was 0.000022-0.00063 mg/kg/day. These values are all 
less than the ADI suggested by EFSA.

E x p o s u re  o f  a p p lic a to r s

The 90th centile In the dosimetry studies was 0.021 mg/kg/ 
day; about five-times less than the systemic EFSA ADI. The 
range of values for the systemic doses determined by biomo- 
nltoring was smaller than for the passive dosimeters. The 
90th centile was 0.0014 mg/kg b.m./day; about 70-tlmes less 
than the systemic EFSA ADI.

In summary, there is a robust dataset on glyphosate expo
sures to humans. Even when using worst-case assumptions, 
systemic exposures to applicators, bystanders, and the gen
eral public are very small. Based on current RfDs and ADIs 
and measured exposures, there is an extremely large margin 
of safety from exposure to glyphosate via normal uses.

Epidemiological data
The epidemiology Expert Panel conducted a systematic 
review of the published glyphosate literature for the two can
cers that were the focus of lARC's epidemiology review: non- 
Hodgkin's lymphoma (NHL) and multiple myeloma (MM) (see 
Acquavella et al. (2016) for additional details). Initially, an 
exhaustive search of the medical literature was performed to 
identify all epidemiological studies that examined the rela
tionships between reported use of glyphosate and NHL or 
MM. This resulted In seven unique studies for NHL and four 
studies for MM after removal of duplicates and focusing on 
the most recent findings for study populations that were the 
subject of more than one publication. The relevant studies 
are listed in Table 2. Each study was then reviewed individu
ally according to key validity considerations specified a priori 
and the results for NHL and MM were separately and system
atically evaluated according to widely used criteria for judg
ing causal associations from epidemiologic studies (Hill 1965).

Data abstracted from each study included: first author, 
year of publication, outcome (NHL, MM), study design, study 
size, statistical methods, results (measure of relative risk [RR] 
with accompanying 95% confidence interval [95% Cl]), expos
ure-response findings, and variables controlled in the analy
ses. Each study was evaluated for key features that relate to 
study validity, most importantly: recall bias, proxy respond
ents, selection bias, adequate statistical control for confound
ing factors, and evaluation of dose response (Table 3).

Of the seven NHL studies, only one study - the 
Agricultural Health Study (AHS) cohort study (de Roos et al, 
2005) - was devoid of major concerns about recall bias and 
selection bias by virtue of the design (prospective versus 
retrospective), was controlled comprehensively for confound
ing factors, and extensively considered RR by frequency and 
duration of glyphosate use. This study of more than 50 000 
licensed pesticide farmers and applicators collected informa
tion about pesticide use before follow-up for health out
comes, had only first-hand respondents reporting about 
pesticide use (viz. no proxy respondents), had minimal poten
tial for selection bias, and included statistical analyses that 
controlled confounding factors by myriad personal character
istics and non-glyphosate occupational exposures. In addition, 
de Roos et al. (2005) were the only investigators who con
ducted exposure-response analyses while controlling exten
sively for confounding exposures. In contrast, the NHL 
case-control studies had major validity concerns including 
the strong potential for recall bias, selection bias (either 
appreciably lesser participation for controls than cases or 
selecting controls that clearly did not reflect the population 
that gave rise to the cases [e.g. hospitals controls from 
rheumatology and orthopedic departments]), proxy respond
ents, and uncontrolled confounding factors in the statistical 
analyses. Indeed, In many of the case-control studies virtually 
every pesticide exposure studied was associated with 
increased risk for NHL (or MM) -  a clear indication of wide
spread systematic bias.

With these considerations in mind, for NHL, the results of 
the de Roos et al. (2005) cohort study were considered the 
only reliable epidemiologic findings. As de Roos et al. (2005)

Table 2. Relevant studies for glyphosate review: non-Hodgkin's lymphoma (NHL) and multiple myeloma (MM),
First author (year) Study location(s) Study design More recent analysis Outcome
Cantor et ai. (1992) Iowa +  Minnesota Case-control de Roos et al. (2003) NHL
Nordstrom et al, (1998) Sweden Case-control Hardeil et al. (2002) HCL
Hardeil and Eriksson (1999) Sweden Case-Control Haidell et al. (2002) NHL excluding HCL
McDuffie et al, (2001) Canada Case-control n/a NHL
Hardeil et al. (2002) Sweden Case-control (pooled) n/a N H L+ HCL
de Roos et al (2003) Nebraska,lowa/Minnesota,Kansas Case-control (pooled) n/a NHL
de Roos et al, (2005) Iowa, North Carolina Cohort n/a NHL, MM
Eriksson et al. (2008) Sweden Case-control n/a NHL
Orsi et al. (2009) France Case-control n/a NHL, MM
Hohenadel et al, (2011) Canada Case-control Extension of McDuffie et al. (2001) NHL
Cocco et al. (2013) Czech, France, Germany, Ireland, Italy, Spain Case-control n/a B-cell lymphoma
Brown et al. (1993) Iowa Case-control n/a MM
Landgren et al. (2009) Iowa Prevalence, n/a MGUS

North Carolina Case-control
Minnesota

Pahwa et al, (2012) Canada Case-control Kachuri et al. (2013) MM
Kachuri et al. (2013) Canada Case-control n/a MM
Sorahan (2015) Iowa, North Carolina Cohort Reanalysis of de Roos et al. (2005) MM
n/a: not available.
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Table 3. Key validity considerations in glyphosate epidemiological studies.

First author {year) Study design Outcome Recall bias Selection bias Proxy respondents
Adequate control 
for confounding

Exposure-response 
and trend test

de Roos et ai. {2005) Cohort NHL, MM No Unlikely No Yes Yes, yes
McDuffie et al. (2001) Case-control NHL Likely Likely 21% cases 15% 

controls
No Yes, no trend test

Hardell et al. (2002) Case-control NHL, HCL Likely Unlikely 43% NHL cases and 
controls, 0% for 
HCL

No No

de Roos et al. (2003) Case-control NHL Likely Likely 31% for cases; 40% 
for controls

Yes No

Eriksson et a!. (2008) Case-control NHL Likely Unlikely No No Yes, no trend test
Orsi et al. (2009) Case-control NHL, MM Likely Likely No No No
Cocco et al. (2013) Case-control NHL Likely Likely No No No
Brown et al. (1993) Case-control MM Likely Unlikely 42% for cases; 30% 

for controls
No No

Kachuri et al. (2013) Case-control MM Likely Likely Excluded in analysis No Yes, no trend test
NHL: non-Hodgkin s lymphoma; MM: multiple myeloma.
Whether recall bias, exposure mlsclasslficatlon, or selection bias was classified as 

study by the authors.

concluded " . . .  the available data provided evidence of no 
association between glyphosate exposure and NHL 
incidence." Results from this study were the basis for the 
Panel's conclusion of no epidemiologic support for a causal 
relationship between reported glyphosate use and NHL.

The glyphosate literature for MM is appreciably sparser 
than the literature for NHL, both in terms of the number of 
available studies (one cohort and three case-control studies) 
and the number of cases in those studies with reported gly
phosate use. The three case-control studies had important 
validity concerns, as noted for the NHL case-control studies, 
and were unable to adjust analyses comprehensively for con
founding factors due to the very small number of exposed 
cases. The AHS cohort study (de Roos et al. 2005 and re-ana
lyzed by Sorahan 2015) found that glyphosate users had 
about the same rate of MM as non-users adjusting for con
founding factors, but had too few exposed cases to conduct 
informative exposure response analyses.

In summary, the epidemiology Expert Panel concluded 
that the glyphosate epidemiologic literature does not Indicate 
a causal relationship between glyphosate exposure and NHL. 
For MM, the evidence was considered too sparse to judge a 
relationship between MM and reported glyphosate use. The 
panel's conclusion for NHL differed from that of the IARC 
working group primarily because the null findings from the 
AHS (cohort) study were the only epidemiologic findings con
sidered likely to be valid.

Cancer bioassays
The carcinogenicity Expert Panel reviewed all listed cancer 
bloassays reviewed by Greim et al. (2015) and IARC (2015). 
The recommended method for evaluating the results of an 
extensive database of toxicology and carcinogenicity bioas
says, as exist for glyphosate, involves the application of a 
WoE approach (US EPA 1985c; ECHA 2010). Methods for eval
uating the results of an extensive database of toxicology and 
carcinogenicity bioassays, as exist for glyphosate, have 
evolved from the application of WoE approaches (US EPA, 
2005; Suter and Cormier, 2011) to approaches built on the 
systematic and rigorous methods of systematic evidence-

likely or unlikely was based on a consensus after an in person discussion of each

based reviews (James et al. 2015). These approaches recom
mend that all reliable information be evaluated. Transparent 
descriptions of studies to be included and excluded are a key 
component of this approach. In any review, if certain studies 
are judged to be unreliable and thus not included, the rea
sons for this should be provided. The carcinogenicity Expert 
Panel reviewed the incidences of the tumors In the various 
studies with respect to dose-response, rate of occurrence 
relative to known spontaneous rates in control animals, and 
on the basis of biological plausibility. Additional details of the 
Expert Panel's considerations and conclusions are presented 
in Williams et al. (2016).

In contrast to the results of past reviews (see Table 4), 
IARC (2015) concluded that there Is sufficient evidence in 
experimental animals for the carcinogenicity of glyphosate, 
based on the following:

a. A significant positive trend in the incidence (p = .037) of 
renal tubule carcinomas and of adenomas and carcino
mas (p = .034) in male CD-I mice of one study only. This 
Is a rare tumor type.

b. In a second feeding study in the same strain of mice, a 
significant positive trend in the incidence (p < .001) of 
hemangiosarcomas occurred In males.

c. In two dietary studies in SD rats, a significant positive 
trend (p < .05) in the incidence of pancreatic islet cell 
adenomas occurred in males.

d. In a dietary study in SD rats, a significant positive trend 
(P = .016) in the incidence of hepatocellular adenomas 
occurred in males.

e. In a dietary study in SD rats, a significant positive trend 
(p = .031) in the incidence of thyroid C-cell adenomas 
occurred In females.

K id n e y  tu b u la r  - c e ll n e o p la s ia  In  m ice

In regard to the rare renal tubular tumors in male CD-1 mice, 
the Expert Panel noted that the conclusions of the IARC were 
based on only one 2-year oral mouse carcinogenicity study, 
(Monsanto 1983) excluding two additional 18-month oral 
studies In CD-I mice (Arysta Life Sciences 1997; Nufarm 2009)
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Table 4. Regulatory agency reviews of three studies evaluated by IARC.

Regulatory authorities

Conclusions of review -  tumors related to treatment?
Mouse study 

(Monsanto 1983)
Rat study

(Stout & Ruecker 1990)
Mouse study 

(Cheminova 1993)
2015 WHO/IARC Yes Yes Yes
2015 WHO/JMPR * No *
2015 US EPA Registration Review ** - - _
2016 Japan Food Safety Commission ADI Review ** No No
2015 EU Annex 1 Renewal (BFR)** No No No
2015 Canada PMRA Registration Review ** No No No
2013 Australia No No No
2012 US EPA Human Health RA No No
2005 WHO/Water Sanitation Health No No
2004 WHO/JMPR - No No
2002 EU Annex 1 No No No
1999 Japan Food Safety Commission No No
1994 WHO/IPCS No No
1993 US EPA RED No No
1991 Canada PMRA No No
1991 US EPA Cancer Classification No No
1987 WHO/JMPR No - -
■'The meeting could not exclude the possibility that glyphosate is carcinogenic in mice at very high doses. 
^Evaluation not completed.

and one 18-month oral study in Swiss Albino mice 
(Feinchemie Schwebda 2001). All of the studies were consid
ered by authoritative bodies to have met the guidelines for a 
carcinogenicity bioassay in mice (US EPA 1990; ICH 1997).

In the study conducted by Monsanto (1983) considered by 
IARC (2015) to show evidence of renal tubular neoplasia asso
ciated with glyphosate dosing, male (M) and female (F) CD-I 
mice received 0 (MO/FO mg/kg/day, control), 1000 (157/190, 
LD), 5000 (814/955, MD), or 30,000 (4841/5874, HD) ppm in 
the diet. The incidence by dose of renal neoplasms in male 
mice was as follows: 1/49, 0/49, 1/50, and 3/50. The 
important non-neoplastic renal findings of hyperplasia were 
as follows: 3/49, 0/49, 4/50, and 2/50, Indicating lack of a 
dose-response, with the highest incidence in the mid-dose 
(MD) group, followed by the control group, and the high
dose (HD) group. The low-dose (LD) group had no renal find
ings. Females had neither neoplasia nor hyperplasia. Absence 
of hyperplasia indicates that all renal proliferative and neo
plastic lesions, which occurred in all experimental groups 
(including controls) occurred de novo, i.e. were spontaneous 
or background lesions and were not compound related.

Factors to assess whether an association between expos
ure and an effect (two variables) is causal include strength, 
consistency, and specificity of the association, the temporal 
(latency) and dose-response relationships present, plausibility 
of effect, and coherence of the available data. When applied 
to the study by Monsanto (1983), several conclusions were 
drawn, as follows:

1. The association was not strong because the Incidence of 
rare renal neoplasms was not statistically significant in 
any exposed group when compared to the control 
group.

2. The association is not consistent, since four out of five 
mouse studies did not find similar renal neoplasms at 
similar doses.

3. The association is not specific, since females of this piv
otal study, which were exposed to higher levels of gly
phosate, did not develop renal neoplasms. Also, there

were no renal findings (hyperplasia, neoplasia) In the LD 
group, whereas the control group had four.

4. The time required between exposure and effect, i.e. the 
latency time, was not reduced; all tumors were observed 
only at termination. Also, no mouse with neoplasia had 
also hyperplasia.

5. The biological gradient of association or the dose- 
response curve was absent, since the females and the 
males in the LD group had no neoplasms, whereas there 
was one in the control group.

6. A plausible explanation for the association was absent, 
since the mode of action for induction of these renal 
neoplasms was not established.

7. Coherence of the association was also absent, as female 
mice and male and female rats did not display kidney 
effects. Also in the other four mouse carcinogenicity 
studies (three of which were not considered In the IARC 
monograph), the mice did not develop similar neoplastic 
renal lesions.

8. The association does not demonstrate a dose-response 
pattern (see #5, 6), and furthermore the "in-study” 
females had neither neoplasms nor any of the other 
renal lesions, although they were exposed to higher lev
els of glyphosate.

Consequently, under the conditions of this assessment, the 
renal neoplastic effects are not plausibly associated with gly
phosate exposure. This conclusion is in agreement with that 
of JMPR (1987, 2005), US EPA (1993), and EFSA (2015).

H e m a n g io sa rc o m a s  in  m ice

With respect to the common liver hemangiosarcoma in male 
mice, in the CD-I mouse study reported by Cheminova 
(1993) there were no statistically significant increases in the 
incidence of any tumors when compared with the In-study 
and historical (for both sexes 2-12%) control groups and no 
dose response was apparent (Williams et al. 2016). IARC,
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based on their own statistical analysis, indicated/reported 
that there was an increase in the incidence of hemangiosar- 
coma in males [p < .001, Cochran-Armitage trend test] based 
on the incidence of the HD group (Table 5). In addition, I ARC 
(2015) did not comment on the lack of hemangiosarcomas in 
females which have received higher doses of glyphosate, and 
also of renal tumors in this mouse study.

It is clear that the association between glyphosate treat
ment and hemangiosarcoma in mice is weak since pairwise 
comparisons are not significant, there is no consistency 
(some mouse studies show no tumors of this type at all at 
comparable doses), and a dose response effect is not seen 
(some HD groups have a lower incidence than lower doses). 
In addition, the recorded incidences are within the historical 
control range.

Given the foregoing analysis, the Expert Panel concludes 
that overall the evidence does not support the conclusion 
that glyphosate exposure results in increased incidence of 
hemangiosarcoma in mice.

P a n c re a t ic  tu m o rs  in  r a ts

In two of the seven carcinogenicity studies in rats that were 
evaluated by IARC, tumors of islet cells of the pancreas were 
diagnosed in both males and females. Both studies were 
made available to IARC by the US EPA (1991 a,b,c).

In the first study Sprague-Dawley rats received doses of 0, 
30 (3), 100 (10), and 300 (31 mg/kg bw/day) ppm in the diet 
for 26 months. No pancreatic islet carcinomas were observed. 
Adenomas were found having a positive trend (p < .05) In the 
study. The level of significance for an increase in common 
tumors in the trend test should be p < .005. The tumor inci
dences for controls, low, mid, and high doses respectively 
were: males -  0/50, 5/49 (10%), 2/50 (4%), 2/50 (4%), and 
females - 2/50 (4%), 1/50 (2%), 1/50 (2%) 0/50. This incidence 
demonstrates no dose-response pattern, and an absence of 
pre-neoplastic effects. In addition, in the first study in males, 
the adenomas did not progress to carcinomas.

In the second study Sprague-Dawley rats received 0, 2000, 
8000, and 20,000 ppm glyphosate (96.5% purity) in the diet, 
fed ad libitum for 24 months. In males, the following pancre
atic islet cell tumor incidences were observed in the controls 
and three dose groups (low to high): adenoma: 1/58 (2%), 
8/57 (14%), 5/60 (8%), 7/59 (12%); carcinoma: 1/58 (2), 0/57, 
0/60, 0/59. Corresponding incidence values in females were: 
5/60 (8%), 1/60 (2%), 4/60 (7%), 0/59, and 0/60, 0/60, 0/60, 
0/59. The historical control rates for pancreatic islet cell 
tumors at the testing laboratory were in the range 1.8-8.5%. 
The Panel disagrees with the conclusion of IARC that there is 
a significant positive trend (p < .05) in the incidence of pan
creatic adenomas in males, since here again the level of sig
nificance should be p < .005 (US FDA, 2001; Williams et al. 
2014). Moreover, there was no progression of adenomas to 
carcinomas.

Four additional studies in rats, described by Greim et al. 
(2015) not evaluated by IARC, similarly did not show pancre
atic islet cell tumors. Based on this information the Expert 
Panel concludes that there is no evidence that glyphosate 
induces islet cell tumors in the pancreas.

Table 5. Tumor Incidence/number of animals examined (mg/kg bw/day)*.
Males Females

0 100 300 1000 0 100 300 1000
Flemangiosarcoma 0/50 0/50 0/50 4/50 

(8%)
0/50 2/50 

(4%)
0/50 1/50 

(2%)
*Taken from Greim et al. (2015).

Table 6. Sprague-Dawley male rats, hepatocellular tumor rates ! , and 
Cochran-Armitage trend and Fisher’s exact tests results (p values).

Tumors

Dose (ppm)

0 2000 8000 20000
Carcinomas 3/34 2/45 1/49 2/481

(%> (7) (4) (2) (4)
P .324 .489 ,269 .458

Adenomas 2/44 2/45 3/49 7/484
(%i (5) (4) (6) (15)
P .016* .683 .551 .101

Adenoma -+ carcinoma 5/44 4/45 4/49 9/48
(%i ( i d (9) (8) (19)
P .073 .486 .431 .245

Hyperplasia only 0/44 0/45 1/49ÍI 0/48
(%i (0) (0) (2) (0)
P .462 1.000 .527 1,000

Source: US EPA (1991a,b).
*Number of tumor-bearing animals/number of animals examined, excluding 

those that died or were sacrificed before week 55. 
thirst carcinoma observed at week 85 at 20 000 ppm. 
tFirst adenoma observed at week 88 at 20000 ppm.
HFirst hyperplasia observed at week 89 at 8000 ppm.
Significance of trend denoted at Control. Significance of pair-wise comparison 

with control denoted at dose level. If then p < ,05.

L iv e r  tu m o rs  in  ra ts

Hepatocellular neoplasms are common for the SD rat (about 
5% in males and 3% in female controls) (Williams et al. 2014).

The IARC evaluation indicated that there was " . . .a  sig
nificant (p = .016) positive trend in the incidences of hepa
tocellular adenoma in m a les ..."  (IARC 2015). This opinion 
was based on its interpretation of the Stout and Ruecker 
(1990) study as presented by the US EPA's Peer Review of 
Glyphosate (US EPA 1991a,b) (see Table 6). The Stout and 
Ruecker (1990) study has been reviewed twice by the US 
EPA (1991a,b). The final interpretation of the US EPA 
Review committee was: "Despite the slight dose-related 
increase in hepatocellular adenomas in males, this increase 
was not significant in the pair-wise comparison with con
trols and was within the historical control range. 
Furthermore, there was no progression from adenoma to 
carcinoma and incidences of hyperplasia were not com
pound-related. Therefore, the slight increased occurrence of 
hepatocellular adenomas in males is not considered com
pound-related" (US EPA 1991b). The US EPA ultimately con
cluded that glyphosate should be classified as a Group E 
(evidence of non-carcinogenicity for humans) chemical 
(US EPA 1991a,b).

There are other aspects of the Stout and Ruecker (1990) 
data that support the conclusion that glyphosate did not 
exert an oncogenic effect on the liver of SD rats. For 
example, chemically induced rat hepatocellular carcinogenesis 
is a multiple stage process characterized by progressive
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functional, morphological, and molecular changes that indi
cate or precede the full establishment of neoplasia, such as 
enzyme induction, hepatocyte hypertrophy, degeneration and 
necrosis, hepatocyte proliferation, altered hepatocellular foci, 
etc. (Williams 1980; Bannasch et al. 2003; Maronpot et al. 
2010). Identification and analyses of these liver changes - 
that span from adaptive to irreversible toxic effects -  can 
help support characterization of key events along the carcino
genesis process and inform the mode of action of the tested 
chemical (Williams & latropoulos 2002; Holsapple et al. 2006; 
Carmichael et al. 2011). These changes were not apparent 
in this study.

In the last 30 years, the systemic carcinogenic potential of 
glyphosate has been assessed In at least eight studies in 
Sprague-Dawley or Wistar rats, which were not all included 
within the IARC monograph (Greim et al. 2015); a ninth could 
not be evaluated because of a high mortality and the low 
doses used (Chruscielska et al. 2000). Considered jointly, the 
animals were exposed through the diet to 24 different doses 
distributed across a wide range (3.0-1290 mg/kg bw/day). In 
exposed males, the Incidences of hepatocellular adenomas 
across the doses showed no dose-response relationship and 
varied within the same range as the controls. Similar rates 
were also seen for hepatocellular carcinomas. These observa
tions confirm that glyphosate Is not carcinogenic to the 
rat liver.

T h y ro id  tu m o rs  in  ra ts

C-cell tumors of the thyroid are a common tumor in the SD 
rat (Williams et al. 2014).

The incidence of thyroid C-cell adenoma was reported in 
the Monograph (IARC 2015), to have a significant positive 
trend (p = .031) in females. IARC based their opinion, again, 
on their interpretation of the Stout and Ruecker's (1990) 
study and the US EPA's Second Peer Review of Glyphosate 
(US EPA 1991a). In the Stout and Ruecker's study (1990), no 
statistically significant difference (group comparison) was 
reported in the incidence of thyroid C-cell neoplasms, as 
shown in Table 7. Additionally, the US EPA (1991a) concluded 
that "the C-cell adenomas In males and females are not con
sidered compound-related." Although the C-cell adenomas 
were slightly numerically greater in male and female MD and 
HD groups, there was no dose-related progression to carcin
oma and no significant dose-related increase in severity of 
grade or incidence of hyperplasia in either sex, However, 
IARC concluded that "there was a statistically significant posi
tive trend in the incidence of thyroid, C-cell adenomas In 
females" (p = .031 but, because this is a common tumor type, 
the trend significance value should be p < .005 (US FDA 2001; 
Williams et al. 2014)). Thus, this tumor is not significant.

Table 7. Tumor incidence/number of animals examined (mg/kg bw/day)*.
Males Females

0 89 362 940 0 113 457 1183
Thyroid C-cell adenoma 2/60 4/58 8/58 7/60 2/60 2/60 6/60 6/60
Thyroid C-cell carcinoma 0/60 2/58 0/58 1/58 0/60 0/60 1/60 0/60
‘ Stout and Ruecker (1990) (all deaths reported).

Therefore, In one of the two evaluated studies, the signifi
cant trend in the incidence of thyroid C-cell adenomas in 
female rats did not materialize, and there was no progression 
to carcinomas. The adenomas were within the historical ranges.

Genetic toxicity and oxidative stress data
The genetic toxicology Expert Panel (Brusick et al. 2016) con
sidered published studies reviewed in the IARC monograph 
and additional published studies identified by literature 
searches or from review articles, not considered by IARC. 
These included both genetic toxicology studies and studies 
of oxidative stress. A large number of core genetic toxicology 
regulatory studies were also considered by the Expert Panel 
for which information was available from review publication 
supplements. These regulatory studies were not considered 
in the IARC monograph, but the Expert Panel concluded that 
sufficient test-related Information was available to justify 
including these studies. In addition, some unpublished regu
latory studies not reviewed previously were included in the 
Expert Panel evaluation.

The universally recommended method for evaluating the 
databases of the type associated with glyphosate (including 
GBFs and AMPA), Involves the application of a WoE approach 
as discussed recently for genetic toxicology testing (US FDA 
2006; Dearfield et al. 2011). One of the most important 
requirements of a WoE approach is that individual test meth
ods should be assigned a weight that is consistent with their 
contribution to the overall evidence, and different types of 
evidence or evidence categories must be weighted before 
they are combined into a WoE.

The weight of a category of evidence used in the 
Expert Panel evaluation is based on four considerations: 
(i) different categories of evidence (I.e. assay types) have 
different weights, (ii) the aggregate strength (robustness of 
protocols and reproducibility) and quality of evidence in 
the category also Influence the weight (Klimisch et al. 
1997), (iil) the number of items of evidence within a cat
egory influences the weight, and (iv) tests with greater 
potential to extrapolate results to humans carry greater 
weight. In general, human and in vivo mammalian systems 
have the highest test system weight, with a lower weight 
applied to in vitro mammalian cell systems and in vivo 
non-mammalian systems and lowest weight to in vitro non
mammalian systems (with the exception of the well-vali
dated bacterial reverse mutation-[Ames] test using mamma
lian metabolic activation). Typically, the results of in vivo 
assays supersede the results of in vitro assays (EFSA 2011).

In contrast to the standard WoE approach used by the 
Expert Panel, lARC's process for evaluating/weighting the 
genotoxlcity data for glyphosate, GBF and AMPA was not 
defined. lARC's process may be inferred by how the data 
were summarized and described, and indicate a number of 
differences from current standard procedures for WoE. For 
instance, It appears that IARC considered in vitro studies in 
human cells as carrying more weight than rodent in vivo 
studies as evidenced by the order of discussion topics in 
Section 4.2.1, and the Inclusion of a separate table for 
human in vitro studies. Further, the IARC conclusion of
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strong evidence of genotoxicity was stated as based on 
"studies in humans in v itro and studies in experimental ani
mals." In contrast, the Expert Panel evaluation considered 
in  v itro studies using cells of human origin to be weighted 
as equivalent to any other in v itro  mammalian cell assay 
using the same endpoint. IARC also gave weight to publica
tions in which glyphosate or GBFs have been tested for 
genotoxicity in a variety of nonstandard non-mammalian 
species (fish, insects). The Expert Panel did not consider 
data from these non-mammalian systems and nonstandard 
tests with glyphosate, GBF and AMPA to have weight In the 
overall genotoxicity evaluation, especially given the large 
number of standard core studies assessing the more rele
vant gene mutation and chromosomal effects categories 
available in mammalian systems. In addition, nonstandard 
tests lack Internationally accepted guidelines for design and 
conduct, databases that document acceptable negative con
trol data or positive control responses are absent, and valid
ation with respect to concordance with rodent or human 
carcinogenicity has yet to be completed. OECD guidelines 
specifically state that use of any nonstandard tests require 
justification along with stringent validation including estab
lishing adequate historical negative and positive control 
databases (OECD 2014).

In addition, the IARC review seemed to apply significant 
weight to "indicator" tests such as DNA damage (comet 
assay) or sister chromatid exchange (SCE) studies. These tests 
are identified as indicators because the measured endpoint is 
reversible and does not always lead to mutation, a key event 
in cancer development. As stated by OECD (2015), when eval
uating potential genotoxicants, more weight should be given 
to the measurement of permanent DNA changes than to 
DNA damage events that are reversible. Therefore, the Expert 
Panel also considered that the data from these "indicator" 
tests with glyphosate, GBFs and AMPA should not have sig
nificant weight In the overall genotoxicity evaluation, espe
cially given the large number of standard core studies in the 
more relevant gene mutation and chromosomal effects cate
gories available in mammalian systems.

IARC did not consider the chemical structure of glyphosate 
In its mechanistic section. Many guidelines recommend that 
the presence of structural alerts be considered in evaluation 
of or testing for genotoxicity (Cimlno 2006; Eastmond et al. 
2009; EFSA 2011; ICH 2011). As reported in Kier and Kirkland 
(2013), analysis of the glyphosate structure by DEREK soft
ware identified no structural alerts for chromosomal damage, 
genotoxicity, mutagenicity, or carcinogenicity. The lack of 
structural alerts In the glyphosate molecular structure sug
gests lack of genotoxicity and that genotoxic effects observed 
might be secondary to toxicity or resulting from mechanisms 
other than DNA reactivity.

Genetic toxicology tests relied upon by most regulatory 
bodies to support decisions regarding safety focus on a set 
of core endpoints that are known to be Involved either in dir
ect activation of genes responsible for neoplastic initiation in 
somatic cells or alteration of the genetic information in germ 
cells (EFSA 2011; ICH 2011; Kirkland et al. 2011). Therefore, 
the endpoints given the greatest weight in Table 8 consist of 
gene mutation and chromosomal aberrations.

An evaluation of the studies in Table 8 according to their
relative contributions to a WoE produced the following
results:

• Test methods identified as providing low contribution 
to the WoE (low weight) produced the highest fre
quency of positive responses, regardless of whether the 
responses were taken from the results of lARC-eval- 
uated studies alone (8 of 9) or from all studies com
bined (8 of 11).

• The highest frequencies of positive responses were 
reported for test endpoints and systems considered most 
likely to yield false or misleading positive results due 
to their susceptibility to secondary effects. This relationship 
was constant regardless of whether the results were taken 
from lARC-evaluated studies alone or all studies combined.

• The numbers of studies providing strong evidence of rele
vant genotoxicity (high weight) were in the minority for 
both the IARC and the Expert Panel's evaluations, with 6 
out of 15 studies identified as high weight being positive 
for the IARC evaluation, and only 8 out of 92 studies identi
fied as high weight being positive for all studies combined.

In summary, the WoE from in v itro  and in v ivo  mammalian
tests for genotoxicity indicates that:

• Glyphosate does not induce gene mutations in v itro . There 
are no in v itro  mammalian cell gene mutation data for 
GBFs or AMPA, and no gene mutation data in v ivo .

• Glyphosate, GBFs, and AMPA are not clastogenic in vitro . 
Glyphosate is also not clastogenic in v ivo . Some positive in 
v ivo  chromosomal aberration studies with GBFs are all sub
ject to concerns regarding their reliability or biological 
relevance.

• There is limited evidence that glyphosate induces micronu- 
clel (MN) in  v itro . Although this could be a reflection of 
increased statistical power in the in  v itro  MN studies, the 
absence of clastogenic effects suggests the possibility of 
threshold-mediated aneugenic effects. However, there is 
strong evidence that glyphosate does not induce MN in 
v ivo .

• Limited studies and potential technical problems do not 
present convincing evidence that GBFs or AMPA induce 
MN in v itro . The overwhelming majority of in v ivo MN 
studies on GBFs gave negative results, but conflicting and 
limited data do not allow a conclusion on in v ivo induction 
of MN by AMPA.

• There is evidence that glyphosate and GBFs can induce 
DNA strand breaks in  vitro , but these are likely to be sec
ondary to toxicity since they did not lead to chromosome 
breaks. There is limited evidence of transient DNA strand 
breakage for glyphosate and GBFs in v ivo , but for glypho
sate at least these are not associated with DNA adducts. 
These results are assigned a lower weight than results 
from other more relevant endpoints, which were more 
abundant.

i There is evidence that glyphosate and AMPA do not 
induce unscheduled DNA synthesis (UDS) In cultured 
hepatocytes.
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Table 8. Summary of the Panel's evaluation of human, non-human 
published sources.

mammalian and selected microbial genotoxicity studies from IARC section 4.2.1 and other

Glyphosate GBFs AMPA Total
Source Test category Endpoint Weight (Pos/Neg) (Pos/Neg) (Pos/Neg) (Pos/Neg)
Kier and Kirkland (2013) and Bacterial reverse mutation Gene mutation High 0/19 0/20 0/1 0/40

other published studies
not Included in IARC

Mammalian in  v itro Gene mutation Moderate 0/2 ND ND 0/2
Chromosomal aberrations Moderate 1/5 1/0 ND 2/5
Micronucleus Moderate 2/0 1/0 ND 3/0
UDS Low 0/1 ND 0/1 0/2
SCE None ND 1/0 ND 1/0

Mammalian in  v ivo Chromosomal aberrations High 0/1 2/0 ND 2/1
Micronudeus High 0/13 0/17 0/1 0/31
SCE None ND 1/0 ND 1/0

IARC monograph 112 Bacterial reverse mutation Gene mutation High 0/1 0/0 ND 0/1
Mammalian in  v itro Gene mutation Moderate 0/1 ND ND 0/1

Chromosomal aberrations Moderate 1/2 ND 1/0 2/2
Micronudeus Moderate 2/0 ND 1/0 3/0
Comet/DNA breaks Low 5/0 2/0 1/0 8/0
UDS Low 0/1 ND ND 0/1
SCE None 3/0 2/0 ND 5/0

Mammalian in v iv o Chromosomal aberrations High 0/1 1/1 ND 1/2
Micronudeus High 2/1 2/3 1/0 5/4
Comet/DNA breaks Moderate 1/0 1/0 ND 2/0
Dominant lethal High 0/1 ND ND 0/1

Human in  v iv o Chromosomal aberrations High ND 0/1 ND 0/1
Micronudeus High ND 0/3 ND 0/3

High weight 2/37 (2/4) 5/45 (3/5) A  (1/0) 8/84 (6/9)
C o m b in e d  to ta ls  (IA R C  re su lts  on ly )

Moderate weight 7/10 (4/3) 3/0 (1/0) 2/0 (2/0) 12/10 (7/3)
C o m b in e d  to ta ls  (IA R C  re su lts  on ly )

Low weight 5/2 (5/1) 2/0 (2/0) 1/1 (1/0) 8/3 (8/1)
C o m b in e d  to ta ls  (IA R C  re su lts  on ly)

ND: no data.
All responses based on study critiques and conclusions of Expert Panel members.
Non-mammalian responses from IARC Monograph in this table did not Include 4 positive studies measuring DNA strand breaks in bacteria and 1 negative Rec
assay in bacteria from Monograph Table 4.6.

Table 9. Summary of studies presented in Kier and Kirkland (2013) and of other publicly available studies not included in the IARC review.
Test category Endpoint Glyphosate (Pos/Neg) GBFs (Pos/Neg) AMPA (Pos/Neg) Total (Pos/Neg)
Non-mammalian (bacterial reverse mutation) Gene mutation 0/19 0/20 0/1 0/40
Mammalian in  v itro Gene mutation 0/2 ND ND 0/2

Chromosomal aberrations 1/5 1/0 ND 2/5
Micronucleus 2/0* 1/0 ND 3/0
UD5 0/1 ND 0/1 0/2
SCE ND 1/0 ND 1/0

Mammalian in  v iv o Chromosomal aberrations 0/1 2/0* ND 2/1
Micronucleus 0/13* 0/17 0/1 0/31
5CE ND 1/0 ND 1/0

Total 3/41 6/37 0/3 9/81
’ Inconclusive studies not Included in count. ND: not done.

• Reports of the induction of SCE in vitro by glyphosate and 
GBFs, and one positive report of SCE induction in vivo by a 
GBF, do not contribute to the overall evaluation of geno- 
toxic potential since the mechanism of induction and bio
logical relevance of SCE are unclear.

Although IARC policies prohibited the inclusion of add
itional data from unpublished studies or governmental 
reports, it was the Expert Panel's conclusion that the regula
tory genetic toxicology studies published in reviews such as 
Kier and Kirkland (2013) (Table 9) should be included in a 
WoE assessment. The rationale supporting the inclusion of 
these additional studies is that the supplementary tables pre
sented in the Kier and Kirkland (2013) paper, contain

sufficient detail supporting the reliability of the studies. 
Failure to evaluate and consider the large number of results 
included in the publication by Kier and Kirkland (2013), as 
well as other publicly available studies not reviewed by IARC, 
results in an inaccurate assessment of glyphosate, GBFs and 
AMPA's genotoxic hazard/risk potential.

Based on the results of the WoE critique detailed above 
and the wealth of regulatory studies reviewed by Kier and 
Kirkland (2013) and Williams et al. (2000), the Panel con
cluded that the available data do not support lARC’s con
clusion that there is strong evidence for genotoxicity 
across the glyphosate or GBFs database. In fact, the 
Panel's WoE assessment provides strong support for a lack 
of genotoxicity, particularly in the relevant mechanism
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Table 10. Comparison of test response profiles from glyphosate, GBFs, and AMPA to the profile characteristics of confirmed genotoxic carcinogens.
Characteristic
Profile of test responses In genetic assays

Structure-activity relationships 

DNA binding 

Consistency 

Response kinetics

susceptibility to confounding factors 
(e.g. cytotoxicity)

Carcinogens with a proven genotoxic mode of action 
Positive effects across multiple key predictive end

points (I.e. gene mutation, chromosome aberra
tions, aneuploidy) both in v it ro  and in  v iv o  

Positive for structural alerts associated with genetic 
activity

Agent or breakdown product are typically electro
philic and exhibit direct DNA binding 

Test results are highly reproducible both in  v it ro  and 
in v ivo

Responses are dose dependent over a wide range of 
exposure levels

Responses are typically found at nontoxic exposure 
levels

AMPA: aminomethylphosphonic add; GBF: glyphosate-based formulation.

Glyphosate, GBFs, and AMPA study data 
No valid evidence for gene mutation in any test; no 

evidence for chromosome aberrations in humans 
and equivocal findings elsewhere 

No structural alerts for glyphosate or AMPA suggest
ing genotoxicity

No unequivocal evidence for electrophilic properties 
or direct DNA binding by glyphosate or AMPA 

Conflicting and/or non-reproducible responses in the 
same test or test category both in  v it ro  and in vivo  

Many positive responses do not show significant 
dose-related increases

Positive responses typically associated with evidence 
of overt toxicity

categories (mutation, chromosomal effects) associated with 
carcinogen prediction. As additional support for the Panel's 
WoE conclusion, Table 10 provides a comparison between 
a set of characteristics associated with confirmed genotoxic 
carcinogens (Bolt et al. 2004; Petkov et al. 2015) and the 
genotoxic activity profiles for glyphosate, AMPA, and GBFs. 
There is virtually no concordance between the two sets of 
characteristics.

Beyond the standard genetic toxicity assays, IARC con
cluded for humans exposed to GBFs that there was positive 
evidence of DNA breakage as determined using the comet 
assay (Paz-y-Mino et al. 2007), negative Induction of chromo
somal aberrations (Paz-y-Miho et al. 2011), and positive induc
tion of MN (Bolognesl et al. 2009). These papers were 
critically reviewed by the Expert Panel and were found to be 
deficient as evidence for GBF genetic effects for many rea
sons (e.g. identification of cells scored for comets, inconsist
ent observations, uncertainties with respect to "negative 
controls," lack of statistical significance, and lack of effect 
relative to self-reported exposure). In addition to questions 
about the significance of the comet endpoint there Is also a 
lack of scientific consensus regarding the relevance of MN 
found In exposed humans (Spelt 2013; Kirsch-Volders et al. 
2014). Importantly, for the Bolognesi study, increases in MN 
were not significantly correlated with self-reported GBF spray 
exposure and were not consistent with application rates. The 
Expert Panel concluded that there was little or no reliable evi
dence produced in these studies that would support a con
clusion that GBFs, at levels experienced across a broad range 
of end-user exposures, poses any human genotoxic hazard/ 
risk.

With respect to oxidative stress and genotoxic potential of 
glyphosate and its formulations, it is noted that many more 
oxidative stress studies are available for GBFs than for gly
phosate or AMPA. A higher proportion of the GBF studies 
show evidence of oxidative stress. This might be consistent 
with Induction of oxidative stress by GBF components such 
as surfactants, lARC's statement that there is strong evidence 
supporting oxidative stress from AMPA seems to result from 
glyphosate and particularly GBF results rather than AMPA 
results. In fact, oxidative stress studies of AMPA are very lim
ited. The paucity of cited data does not seem to justify a con
clusion of strong evidence for oxidative stress induction by 
AMPA.

One mechanism connecting oxidative stress to induction 
of carcinogenicity Is oxidative damage to DNA and the gener
ation of mutagenic lesions. Most of the endpoints used In 
oxidative stress studies cited by IARC are indirect response 
endpoints and the number of studies examining direct oxida
tive DNA damage are very few and presented mixed results. 
Further, research on oxidative stress-induced genotoxicity 
suggests that It Is often a secondary response to toxicity and 
characterized by a threshold (Pratt & Barron 2003). 
Comparison of GBF oxidative stress study results with pre
dicted human exposure levels of less than 0.064 mg/kg bw/ 
day, suggests that it is improbable that GBFs would induce 
levels of oxidative stress likely to exceed endogenous detoxi
cation capacities.

The most appropriate conclusion supported by the oxida
tive stress data is, based on a WoE approach, that there is no 
strong evidence that glyphosate, GBFs, or AMPA produce oxi
dative damage to DNA that would lead to induction of end
points predictive of a genotoxic hazard or act as a 
mechanism for the induction of cancer in experimental ani
mals or humans.

A thorough WoE review of genotoxicity data does not 
Indicate that glyphosate, GBFs, or AMPA possess the proper
ties of genotoxic hazards or genotoxic mechanisms of 
carcinogenesis.

Discussion and conclusions
Four Expert Panels conducted detailed reviews of glyphosate 
exposure, animal carcinogenicity, genotoxicity, and epidemio
logic studies. With respect to exposure, even when using a 
number of worst-case assumptions, systemic doses of glypho
sate in human applicators, bystanders, and the general public 
are very small. Exposures of the general public are three or 
more orders of magnitude less than the US EPA's RfD 
(1.75 mg/kg/day) as well the ADIs established by JMPR (1 mg/ 
kg/day) and EFSA (0.5 mg/kg/day). The RfD Is the allowable 
limit of daily exposure derived from toxicity studies, and even 
in the most exposed applicators (90th centile) the systemic 
dose was estimated at 20-fold less that the RfD. Exposures to 
the public are in the range of 0.00001-0.001 mg/kg bw/day 
while occupational exposures can range up to 0.01 mg/kg
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bw/day. Systemic exposures are even lower than the reported 
ranges since oral and dermal absorption of glyphosate is low.

With respect to the animal cancer bioassay data, the 
Expert Panel conducted a thorough overall WoE evaluation 
that considered a much wider range of studies than IARC, all 
of which met Good Laboratory Practice (GLP) guidelines and 
were submitted to support glyphosate Annex I renewal in the 
European Union. These studies provided evidence that neo
plasms naturally occurring in rodents are widely represented 
in non-exposed animals, as well as those exposed to doses 
well below those that might be expected In regulatory stud
ies. The pattern of occurrence of these tumors was found to 
be inconsistent across and within species and no "novel" neo
plasms appeared; progression of non-neoplastlc to neoplastic 
lesions also was not seen. Further, the comparatively large 
number of studies performed would be expected to generate 
several numerical Imbalances by chance. In fact, Haseman 
(1983) has estimated that the overall false positive rate for 
animal bioassays that tested both sexes in two species, 
because of multiple comparisons, corresponds to 7-8% sig
nificance level for the study as a whole; the US Food and 
Drug Administration has estimated that the overall rate can 
approach 10%.

After review of all available glyphosate rodent carcinogen
icity data, the Panel concludes:

• The mouse renal neoplastic effects are not associated with 
glyphosate exposure, because they lack statistical signifi
cance, consistency, specificity, a dose-response pattern, 
plausibility, and coherence;

• The association of hemangiosarcomas in the livers of mice 
Is weak, lacks consistency, and there was no dose-response 
effect;

• The association of pancreatic islet-cell adenomas in male 
SD rats is weak, not seen in the majority of rat studies, 
lacks a dose-response pattern (the highest incidence is in 
the low dose followed by the high dose), plausibility and 
pre-neoplastic/malignant effects;

• In one study, the significant positive trend in the incidence 
of hepatocellular adenomas In male rats did not material
ize, no progression to malignancy was evident and no gly- 
phosate-assoclated pre-neoplastic lesions were present;

• In one study, the significant positive trend in the incidence 
of thyroid C-cell adenomas in female rats did not 
materialize, the adenomas were only slightly increased in 
mid- and high doses, and there was no progression to 
malignancy.

Overall, extensive reviews of the genotoxicity of glypho
sate, AMPA, and GBFs that were available prior to the devel
opment of the IARC Glyphosate Monograph all support a 
conclusion that glyphosate (and related materials) is Inher
ently not genotoxic, Further, evidence indicative of an oxida
tive stress mechanism of carcinogenicity is largely 
unconvincing. The Expert Panel concluded that there is no 
new, valid evidence presented in the IARC Monograph that 
would provide a basis for altering these conclusions.

Lastly, the Expert Panel's review of the glyphosate epide
miologic literature and the application of commonly applied

causal criteria did not indicate a relationship with glyphosate 
exposure and NHL. In addition, the Panel considered the evi
dence for MM to be inadequate to judge a relationship with 
glyphosate. The extremely large margin of safety found in 
exposure monitoring studies is considered to be supportive 
of these conclusions.

In summary, the totality of the evidence, especially in light 
of the extensive testing that glyphosate has received, as 
judged by the Expert Panels, does not support the conclusion 
that glyphosate is a "probable human carcinogen" and, con
sistent with previous regulatory assessments, the Expert 
Panels conclude that glyphosate is unlikely to pose a carcino
genic risk to humans.
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Glyphosate in the general population and in applicators: a critical review 
of studies on exposures
Keith R. Solomon
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ABSTRACT
The recent classification of glyphosate as a probable human carcinogen by the International Agency for 
Research on Cancer (IARC) was arrived at without a detailed assessment of exposure. Glyphosate is 
widely used as an herbicide, which might result in exposures of the general public and applicators. 
Exposures were estimated from information In the open literature and unpublished reports provided by 
Monsanto Company. Based on the maximum measured concentration in air, an exposure dose of 
1.04 x 10 _ 6mg/kg body mass (b.m.)/d was estimated. Assuming consumption of surface water without 
treatment, the 90th centile measured concentration would result in a consumed dose of 
2.25 x  10_ 5 mg/kg b.m./d. Estimates by the Food and Agriculture Organization of the United Nations 
(FAO) of consumed doses in food provided a median exposure of 0.005 mg/kg b.m./d (range 
0.002-0.013). Based on tolerance levels, the conservative estimate by the US Environmental Protection 
Agency (US EPA) for exposure of the general population via food and water was 0.088 mg/kg b.m./d 
(range 0.058-0.23). For applicators, 90th centiles for systemic exposures based on biomonitoring and 
dosimetry (normalized for penetration through the skin) were 0.0014 and 0.021 mg/kg b.m./d, respect
ively. All of these exposures are less than the reference dose and the acceptable daily intakes proposed 
by several regulatory agencies, thus supporting a conclusion that even for these highly exposed popu
lations the exposures were within regulatory limits.
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Introduction
The recent classification of glyphosate as a probable human 
carcinogen by the International Agency for Research on 
Cancer (IARC 2015) has generated considerable interest,

particularly as the IARC classification was arrived at without a 
detailed assessment of risk to applicators and the general pub
lic. Glyphosate is widely used for control of weeds in agri
culture, forestry, and in the management of public and 
private landscapes. These uses might result in exposures of 
the general public as well as applicators. Unfortunately, the 
IARC monograph merely focused on the potential hazards 
of glyphosate and not on the risks. Exposure is a critical 
component of risk assessment and, without measured val
ues; it is difficult to provide guidance on the appropriate 
uses of glyphosate or, for that matter, any pesticide. It is 
also not possible to properly assess toxicity and hazard data 
for relevance to humans and the environment. As per their 
mandate, none of the IARC evaluations characterize expo
sures analytically or in the context of risk; the monograph 
on glyphosate (IARC 2015) summarizes several exposure 
studies from the open literature, but does not use these val
ues to estimate risks. This is different from the approach 
used by most regulatory agencies such as the US EPA, the 
Food and Agricultural Agency (FAO) of the United Nations, 
and the European Food Safety Agency (EFSA) where expo
sures are compared to Reference Doses (RfDs) or Acceptable 
Dally Intake (ADIs).

There are several sources of exposure of humans to gly
phosate in the environment. These are: air, water, application
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to crops and target weeds, and food. The following sections 
are an analysis of exposures of humans to glyphosate from 
these sources, Data for these exposures were obtained from 
papers published in the open literature and from unpub
lished reports provided by the Monsanto Company. These 
sources of information are listed in the references and sum
mary data are provided in the Supplemental Information (SI).

Methods
Unpublished reports of studies on exposure to glyphosate in 
applicators were provided by the Monsanto Company and 
covered uses in agriculture and forestry. Other data on expo
sures were obtained from the open literature as a result of 
searches in PubMed®, references in reviews, and Google 
Scholar®. These papers and reports were grouped into sour
ces of exposures and the data analyzed as described below.

A ir

Only one paper reported concentrations of glyphosate in air. 
In a study conducted in Iowa, Mississippi, and Indiana in 
2007 and 2008, concentrations of glyphosate and its major 
environmental degradation, aminomethylphosphonic acid 
(AMPA) were measured in air and precipitation (Chang et al. 
2011). Detections of AMPA were infrequent and the concen
trations were small. These are not discussed further. The fre
quency of detection of glyphosate ranged from 60 to 100% 
in air and rainwater. Concentrations in air ranged from <0.01 
to 9.1 ng/m3, while those in rain were from <0.1 to 2.5 pg/L. 
Unless rainwater was collected as drinking water, this would 
be an incomplete pathway for exposure of humans. Once in 
contact with soil, exposures would be via surface waters (see 
below). Concentrations in air were seasonal and the sources 
were likely associated with application to crops in the grow
ing season. For estimation of human exposure, It was 
assumed that there was total absorption of glyphosate from 
the air into the body of a 70 kg human breathing 8 m3 air 
(half a day for an adult, US EPA 2009). These values were 
then used to calculate the systemic dose, based on a worst- 
case assumption of 100% uptake via the respiratory tract.

W a te r

Glyphosate can enter surface waters through use on aquatic 
weeds, runoff from sprayed soils, and from drift of spray. 
Glyphosate is very soluble in water and, although it binds 
strongly to soils and sediments, small concentrations have 
been measured on surface waters in the United States. These 
measurements are part of the US Geological Survey (USGS) 
National Water-Quality Assessment (NAWQA) program (USGS 
2015), which has been in place since the 1980s. Glyphosate 
was added to the large range of analytes measured in surface 
water in 2002. These data were downloaded from the 
NAWQA data warehouse (USGS 2015) and then sorted by 
concentration. All values measured across the US between 
2002 and 2014 were pooled for the analysis. Where concen
trations were less than the level of detection (0.02 pg glypho
sate acid equivalents (a.e.)/L), these values were substituted

with a dummy value of "zero". The values were ranked from 
the smallest to the largest and a cumulative frequency distri
bution was derived. These values were processed using 
the Welbull formula to estimate ranks and plotted on a log- 
probability scale (Solomon and Takacs 2002). The 90th centile 
values were calculated from the raw data using the Excel 
function < =percentile>. Systemic dose was estimated from 
the assumption of consumption of 2 L of water per day by a 
70kg human with 20% absorption from the gastrointestinal 
(Gl) tract (EFSA 2015). Although chlorine and ozone are 
highly effective for removing glyphosate and AMPA during 
purification of drinking water (Jonsson et al, 2013), it was 
assumed that treatment did not remove any glyphosate. The 
estimated concentrations are thus a worst-case.

F o o d  a n d  b y s ta n d e r s

Several studies have measured concentration of glyphosate in 
"bystanders" and people not involved in application of gly
phosate. Bystanders are presumable exposed via food, water, 
and air (see above). It is also assumed that bystanders are 
exposed on a daily basis through the environment and/or 
food and drinking water, and that these exposures are con
stant and not episodic as in an applicator. Here, a single daily 
sample of urine is a reasonable surrogate for dally exposures, 
although uncertainty would be reduced with more frequent 
samples and analysis of total daily urinary output. Several of 
these studies were critically reviewed in 2015 (Niemann et al. 
2015). This review was thorough, but the strengths of the 
methods of the original studies were variable. In addition, the 
authors did not correct for incomplete excretion of glypho
sate (95%) as has been done for the applicator studies. In a 
study of farm and non-farm households in Iowa (Curwin et al. 
2007), urine samples were analyzed from 95 adults and 117 
children. A study in Europe (Mesnage et al. 2012) measured 
exposures in a farm family (two adults and three children).
A report on the analysis of urine of 182 people from 18 coun
tries (Hoppe 2013) provided data on concentrations in urine. 
In another study, urine concentrations of 40 male and female 
German students were measured (Markard 2014). The original 
study was in German and the value used here for the sys
temic dose is from the review of Niemann et al. (2015).
A study using enzyme linked immunosorbent assay (ELISA) 
analysis with an unstated level of quantitation (LOQ) was 
used to measure the concentrations of glyphosate in samples 
of urine from more than 300 individuals In the EU (most from 
Germany) (Kruger et al. 2014). A report of a study in the US 
on 35 individuals using an ELISA analysis (Honeycutt and 
Rowlands 2014) provided data from which a systemic dose of 
glyphosate was estimated.

Where the systemic dose was calculated, it was used. 
Where dietary exposures were provided, the urinary concen
tration was used to calculate the systemic dose on the 
assumption of 2L of urine per day and a 60 kg person 
(Niemann et al. 2015).

Under the auspices of the Food and Agricultural 
Organization of the United Nations, the Joint Meeting on 
Pesticide Residues (JMPR) conducts routine assessments of 
residues of pesticides In food (JMPR 2014). These are
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evaluated in relation to diets In various regions of the world 
and exposure via food compared to an ADI. In 2013, the 
JMPR reviewed dietary exposures to glyphosate, its major 
metabolites, and breakdown products (N-acetyl glyphosate, 
AMPA, and N-acetyl AMPA) and calculated the international 
estimated daily Intakes (IEDI) of glyphosate for 13 regional 
food diets (JMPR 2014). These lEDIs were based on estimated 
mean residues from supervised trails under normal or good 
agricultural practice. These values were for a 60 kg person 
but were used without modification.

The US Environmental Protection Agency (US EPA) has cal
culated exposures to glyphosate using the Dietary Exposure 
Evaluation Model (DEEM, ver 7.81), which is based on toler
ance levels for all commodities and modeled estimates of 
exposures from food and drinking water for the overall US 
population (US EPA 2012).

There is some uncertainty In all of these studies and 
approaches. All of the monitoring studies used relatively few 
participants (<300), which increases uncertainty and lack of 
raw data in most studies does not allow variance to be fully 
characterized. Modeling approaches (US EPA and JMPR) 
based on maximum residue limits and assumptions of good 
agricultural practices are also subject to uncertainty; however, 
the assumptions used are more likely to result In overesti
mation. However, proportion of foods consumed is based on 
the statistical analyses of diets and this does incorporate, but 
not quantify, uncertainty.

A p p lic a to r s

A relatively large number of studies on exposures of applica
tors to glyphosate have been conducted (see SI for a full list). 
Older studies tended to use passive dosimetry, either as 
whole-body dosimeters or patches. Some of the studies with 
dosimeters used tracers (dyes or other surrogates) and others 
analyzed dosimeters for glyphosate itself. Some more recent 
studies used biological monitoring and some a mixture of 
biological monitoring and dosimeter-patches. For com
pounds, such as glyphosate, where the excretion kinetics is 
well understood, biological monitoring provides a measure of 
the actual amount of the chemical in the body. For this rea
son, data from these studies are most appropriate for risk 
assessment. However, data from dosimetry studies can be 
used to estimate systemic dose. This allows comparison of 
exposures from different studies to a benchmark for exposure 
i.e. the reference dose (RfD) or ADI.

For studies using dosimetry, the normalization to systemic 
dose was conducted using the procedure outlined in Table 1. 
This was done for the dosimetry studies listed in SI Table 1. 
The estimated systemic doses were ranked from smallest to

largest and a cumulative frequency distribution was derived, 
These values were plotted on a log-probability scale as 
above. The 90th centile values were calculated from the raw 
data using the Excel® function < =percentile>.

Where an applicator makes a single application, the sys
temic dose of glyphosate can be estimated from the total 
amount of glyphosate excreted in the urine over the four or 
five days following and including the day of application 
(Acquavella et al. 2004). Glyphosate is rapidly excreted and 
does not bioaccumulate. If applications are conducted every 
day, the amount excreted each day provides a time- 
weighted average for dally exposures. Because glyphosate is 
applied infrequently in normal agricultural practice, the 
assumption of a single initial exposure is appropriate for risk 
assessment.

The procedure of normalization for biomonitoring studies 
is complicated by the fact that many studies reported con
centrations of glyphosate that are less than the LOQ, even 
on the day of application (d-0), when exposures would be 
expected to be greatest, Similarly, even If residues were 
detected on d-0, those on subsequent days might have val
ues less than the LOQ. The common practice of using half 
the level of detection as a default value might be accept
able for the first observation day, but this fails to account 
for excretion that would reduce the amount in the 
body on each successive day. Use of half the LOQ on each 
day would grossly overestimate the systemic dose. Because 
of this, normalization of systemic doses was modeled 
using excretion kinetics and followed the steps outlined in 
Table 2.

If concentrations in urine are > LOQ for one or more days, 
the actual elimination rate for the individual can be used to 
correct for days where concentration Is < LOQ. Unless already 
carried out in the study itself, these corrections were applied 
to the data in SI Table 2.

Because raw data were available for the studies on appli
cators, uncertainty could be considered, Total number of par
ticipants was large (249, See SI Table 2) and range of the 
values provided the upper and lower bounds of uncertainty. 
To be conservative, the 90th centiles of the data were used 
to characterize reasonable worst-case exposures.

N o rm a liz a t io n  o f  th e  R fD  a n d  A D I fo r  s y s te m ic  d o se

Regulatory agencies set allowable limits for consumption of 
residues of glyphosate exposure based on toxicity studies. 
The US EPA RfD Is 1.75mg/kg body mass (b.m.)/day (US EPA 
2012). The ADI for JMPR/WHO is 1 mg/kg b.m./d (JMPR 2014), 
while the ADI used by EFSA Is 0.5 mg/kg b.m./d (EFSA 2015).
In a recent review (summary published on 16 May 2016),

Table 1. Procedure for normalization of dosimetry data to estimate systemic dose.
Step From To Explanation
1 Total residue on patches pg/cm2) to Potential body exposure (pg) 2.1 m2 surface area for a 70 kg male (US EPA 2009)
2 Potential body exposure (pg) to Actual body exposure (pg) Measured penetration through clothing or default of 10%
3 Actual body exposure (pg) to Systemic body exposure (pg) 1% dermal penetration (from the value used by EFSA 2015)
4 Systemic body exposure (pg) to Systemic dose (mg/kg body 

weight/day)
70 kg adult
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Table 2. Procedure for normalization of biomonitoring data to estimate systemic dose of glyphosate.
Step Data Action
1 LOD =10 pg/kg urine Assume half the LOD =  5pg/kg
2 Adjust estimated dose to amount of urine Multiple kg urine produced on day by 1/2 LOD
3 D-0 value amount estimated C0 amount
4 D-1 value estimated from remainder of d-0 concentration after Elimination rate constant (k) o f 0.86 d- ' from (Acquavella et al. 2004) use

excretion C„ = C , x e ' "
5 D-2 value estimated from remainder of d-1 concentration after 

excretion
6 D-3 value estimated from remainder of d-2 concentration after 

excretion
7 D-4 value estimated from remainder of d-3 concentration after 

excretion
8 D-5 value estimated from remainder of d-4 concentration after 

excretion
9 Sum of amounts for each day of urine collected
10 Correction for monitoring period from elimination rate constant 

and number of days
For example, 99% for 5 d, divide by 0.99

11 Correction for incomplete excretion (95%) Based on observations in TK studies in monkeys, which showed that 95% 
of total systemic dose was excreted v ia  urine (Wester et al. 1991), div
ided by 0.95

12 Correction for dosimeters, If used Increase dose by percentage o f body area represented by the dosimeters
13 Correction for hand wash or gloves, if used Increase dose by percentage of body area represented by hands
14 Calculate systemic dose Divide total systemic dose by body mass
C0: initial concentration; Ct: concentration at time t; LOD: level of detection; TK: toxicakinetic.

Concentrations of glyphosate measured in surface waters of the US 
(pg/L) between 2002 and 2014

Figure 1. Distribution of concentrations of glyphosate measured in surface 
waters across the US.

JMPR (2016) has reaffirmed their ADI of 1 mg/kg b.m./d. 
These values are suitable for comparison to the dietary 
intake, but for comparison to systemic doses as estimated 
from biological monitoring (urinary excretion), the ADIs and 
RfD were divided by five to account for only 20% absorption 
from the Gl tract (EFSA 2015). These normalized values are 
0.35, 0.2, and 0.1 mg/kg b.m./d, for US EPA, JMPR, and EFSA, 
respectively.

Results
A i r

Based on the above assumptions of respiratory volume and 
total absorption, inhaling glyphosate in air at the maximum 
measured concentration would result in an exposure dose 
of 1.04 x  10 “ 6 mg/kg b.m./d. This Is about five orders of 
magnitude less than the systemic ADI proposed by EFSA 
(2015).

W a ter

The cumulative frequency distribution of concentrations of 
glyphosate measured In surface waters of the US are shown 
In Figure 1. The 90th centile was 0.79 ug/L. The maximum 
concentration measured was 73 ug/L. Consumption of 2 L of 
drinking water by a 70 kg person at the 90th centile concen
tration is estimated to result in a consumed dose of 
2.25 x  10 " 5 mg/kg b.m./d, more than four orders of magni
tude less than the EFSA ADI.

F o o d  a n d  b y s ta n d e r s

Estimates of the systemic dose resulting from exposures of 
bystanders and the general public to glyphosate are shown 
in Table 3. All of these systemic doses are more than 150- 
times less than the EFSA ADI, normalized for reduced uptake 
from the gut.

Based on the estimates of daily intake from the FAO/ 
JMPR, the minimum IEDI was 124pg/person/d, the median 
was 301, and maximum was 762 (JMPR 2014). These values 
were normalized to a 60 kg person (0.002, 0.005, and 
0.013 mg/kg b.m./d, respectively) for comparison to the ADI. 
Median exposures are 100-tlmes less than the ADI suggested 
by EFSA.

The dietary exposure of the general population in the US 
was estimated by US EPA to be 0.088 mg/kg b.m./d and the 
range of values was from 0.058 to 0.23 mg/kg b.m./d across a 
range of age-groups from adults to toddlers. These values are 
all less than the ADI suggested by EFSA.

A p p lic a to r s

For the applicator studies, the corrections were applied as In 
Table 1 or Table 2 and the results are presented graphically 
in Figure 2. Raw data are provided in SI Tables 1 and 2.
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Tab le  3 .  S u m m a r y  o f  e x p o s u r e s  to  g ly p h o s a t e  in  b y s t a n d e r s  a n d  th e  g e n e r a l  p u b l ic .

Study Source of exposure

Urinary concentration (pg/L) 

Greatest mean Maximum

Systemic dose 
(mg/kg b.m./d)

Greatest mean Maximum Comment
Table 2 from Curwin 

et al. 2007
Presumably food and water 

from non-farm households in 
Iowa

2.7 9.4 0.00009 0.00031 Highest mean and max was in 
non-farm children

Table 3 from Curwin 
et al. 2007

Bystanders from farm house
holds in Iowa

2.1 0.00007 Highest median was in farm 
children. Max not reported.

Me5nage et al. 2012 Bystander, farm family of five 2 “ 0 00007 Maximum concentration In 
child

Hoppe 2013 Presumably food and water 0.82 1.82 0.000027 0.000061 Highest mean was In samples 
from Malta

Markard 2014 Presumably food and water ~ 0.65 - 0.000022 Maximum concentration
Kruger et al. 2014 Presumably food and water - 5 0.00017 Maximum concentration
Honeycutt and 

Rowlands 2014
Presumably food and water 18.8 0.00063 Maximum concentration

Systemic dose (mg/kg b.m./d); Urinary concentration (pg/L) x  2L  urine/day —60 kg body mass xlOOO, b.m.„

Normalized
Biomonitoring systemic

doseDosimetry

USEPA RfD
Biomonitoring
90th centile = 0.0014 mg/kg b.m./d rA O -JM P R

AD I

Passive dosimeters E F S A A D I
90th centile = 0.021
mg/kg b.m./d

Systemic dose of glyphosate (mg/kg b.m./d) 
Figure 2. Systemic doses of glyphosate measured In exposure studies conducted in applicators.

The range of values for systemic doses measured In the 
dosimeter studies (90th centile =0.021 mg/kg b.m./d) was 
greater than in the biomonitoring studies (90th centile 
=0.0014 mg/kg b.m./d). Given the corrections applied to the 
data, this is surprising; however, there are a number of 
assumptions used in the normalization of the systemic doses 
that might result in overestimation of exposure. These are 
likely in the amount of absorption though skin and the pene
tration of clothing. The assumption of 1% penetration 
through the skin is greater than the value of 0.7% suggested 
from observations in an in vitro model with human skin (Bo 
Nielsen et al. 2009). The 90th centile in the dosimetry studies 
was 0.021 mg/kg b.m./d; about five-times less than the sys
temic EFSA ADI.

The range of values for the systemic doses determined by 
biomonitoring was smaller than for the passive dosimeters 
and more accurately reflects the true exposures. The 90th 
centile was 0.0014 mg/kg b.m./d; about 70-times less than 
the systemic EFSA ADI,

Conclusions
Even when using a number of reasonable worst-case assump
tions, systemic doses of glyphosate In human applicators, 
bystanders, and the general public are small. Exposures to 
glyphosate in the general public are less than EFSA's ADI. 
The same conclusion applies to applicators. As an overall 
summary, exposures and ADIs are compared graphically in 
Figure 3. It should be noted that the ADIs and RFDs used in 
this assessment are derived from the most sensitive response 
in long-term feeding studies in the most sensitive laboratory 
test species and that an uncertainty factor is applied to these 
values. Furthermore, the biomonitoring exposures measured 
in applicators aggregate all sources of exposures (air, food, 
water, and dermal contact) and are still less than the most 
conservative ADI. Based on the current RfDs and ADIs, there 
is no hazard and no intolerable risk from exposure to glypho
sate via its normal use in agriculture and management of 
weeds in landscapes.
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Operator Exposure Reference Dose and Toxicology Studies
Estimated exposure range (passive dosimeter)

0.000001- 0.064 mg/kg b.m./d

Surface Measured exposure range (biomonitoring)
water, rain 0.000013-0 0046 mg/kg b m./d E FS A  ADI. 0 5

i \  . / mg/kg b.m./d

lmq/kq b .m ./dkjH □
I— I

•& - ü f r k  i f  'k

10000

Figure 3. Illustration of measured and estimated exposures to glyphosate in applicators and the general public from various sources. Solid horizontal bars show 
10-90th centiles, whiskers show minimum and maximum.
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Glyphosate epidemiology expert panel review: a weight of evidence systematic 
review of the relationship between glyphosate exposure and non-Hodgkin's 
lymphoma or multiple myeloma
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ABSTRACT
We conducted a systematic review of the epidemiologic literature for glyphosate focusing on non- 
Hodgkin's lymphoma (NHL) and multiple myeloma (MM) - two cancers that were the focus of a 
recent review by an International Agency for Research on Cancer Working Group. Our approach 
was consistent with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines for systematic reviews. We evaluated each relevant study according to a priori criteria for 
study quality: adequacy of study size, likelihood of confounding, potential for other biases and 
adequacy of the statistical analyses. Our evaluation included seven unique studies for NHL and four 
for MM, all but one of which were case control studies for each cancer. For NHL, the case-control 
studies were all limited by the potential for recall bias and the lack of adequate multivariate adjust
ment for multiple pesticide and other farming exposures. Only the Agricultural Health (cohort) 
Study met our a priori quality standards and this study found no evidence of an association 
between glyphosate and NHL. For MM, the case control studies shared the same limitations as 
noted for the NHL case-control studies and, in aggregate, the data were too sparse to enable an 
informed causal judgment. Overall, our review did not find support in the epidemiologic literature 
for a causal association between glyphosate and NHL or MM.
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Introduction
The epidemiologic literature for glyphosate was reviewed 
recently as part of a multi-disciplinary scientific review by the 
International Agency for Research on Cancer (IARC 2015). In 
the aftermath of the IARC review and the designation of gly
phosate as probably carcinogenic to humans, the Monsanto 
Company requested expert reviews of the glyphosate litera
ture in several technical areas, including epidemiology. lARC’s 
working group concluded that there was limited epidemio
logic evidence' In human studies for the carcinogenicity of 
glyphosate, based on a positive association observed for non- 
Hodgkin's lymphoma (NHL). The panel also noted that 
excesses had been observed for multiple myeloma (MM) In 
three studies, but felt these results were less reliable because 
of small numbers of cases In the available studies and the
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T a b le  1 . R e le v a n t  s t u d ie s  fo r  g ly p h o s a t e  r e v ie w : n o n - H o d g k in 's  ly m p h o m a  ( N H L )  a n d  m u l t ip le  m y e lo m a  (M M ).

Author, year Study location(s) Study design More recent analysis Outcome
Cantor et al. 1992 Iowa + Minnesota Case-control De Roos et al, 2003 NHL
Nordstrom et al, 1998 Sweden Case-control Hardell et al. 2002 HCL
Hardell & Eriksson 1999 Sweden Case-Control Hardell et al. 2002 NHL excluding HCL
McDuffie et al. 2001 Canada Case-control n/a NHL
Hardell et al. 2002 Sweden Case-control (pooled) n/a NHL + HCL
De Roos et al. 2003 Nebraska

lowa/Minnesota
Kansas

Case-control (pooled) n/a NHL

De Roos et al, 2005 Iowa, North Carolina Cohort n/a NHL, MM
Eriksson et at. 2008 Sweden Case-control n/a NHL
Orsi et al. 2009 France Case-control n/a NHL, MM
Hohenadel et al. 2011 Canada Case-control Extension of 

McDuffie et al. 2001
NHL

Coceo et al. 2013 Czech Republic, France, Germany, 
Ireland, Italy, Spain

Case-control n/a B-cell lymphoma

Brown et al. 1993 Iowa Case-control n/a MM
Landgren et al. 2009 Iowa

North Carolina 
Minnesota

Prevalence
Case-control

n/a MGUS

Pahwa et al, 2012 Canada Case-control Kachuri et al, 2013 MM
Kachuri et al. 2013 Canada Case-control n/a MM
Sorahan 2015 Iowa, North Carolina Cohort Reanalysls of De Roos et al, 2005 MM
HCL: hairy cell leukemia; MGUS: monoclonal gammopathy of undetermined significance.

related inability to adjust findings for other pesticide and 
farming exposures. Lastly, the panel concluded that there 
was no epidemiologic evidence of a relationship for other 
cancer sites with respect to glyphosate exposure,

In this epidemiology expert panel review, we focused on 
the possible relationship between glyphosate exposure and 
two cancers that were the focus of the IARC epidemiology 
review: NHL and MM. The focus of our review was qualitative. 
That is, we evaluated the published evidence according to 
widely accepted validity considerations and criteria for causal
ity. When there were two or more publications with overlap
ping populations, we concentrated on the most recent 
publication noting the relationship to a previous publication(s) 
(see Table 1). Herein, in succeeding sections, we have pre
sented our evaluation approach, reviewed the key validity 
issues for epidemiologic studies of pesticides, detailed some 
statistical considerations pertinent to the glyphosate literature, 
critically evaluated published studies, and, lastly, provided an 
overall weight of evidence assessment of the epidemiologic 
evidence for causality between glyphosate and NHL or MM.

Methods
The approach we took was informed by and consistent with 
the PRISMA guidelines for systematic reviews (Moher et al. 
2009), standard approaches to critically evaluating epidemio
logic studies (Aschengrau & Seage 2003a,b; Sanderson et al, 
2007) and well-recognized interpretative methods - e.g. the 
criteria-based methods of causal inference (Hill 1965, 1971) - 
sometimes referred to as "weight of evidence" methods 
(Weed 2005). With this approach in mind, we address the fol
lowing questions:

1. Does the current published epidemiologic evidence
establish a causal relationship between glyphosate
exposure and NHL?

2. Does the current published epidemiologic evidence
establish a causal relationship between glyphosate
exposure and MM?

Other types of scientific evidence are often evaluated 
when making causal determinations, including data on 
human exposure as well as animal studies and studies on 
mechanism. Since exposure assessment is critical for the val
idity of occupational epidemiologic studies and biologic 
plausibility is informed by presumed dose, the former were 
considered in our overall assessments.

Literature search and induded/excluded 
published papers
A systematic search of the medical literature was per
formed to identify all analytic epidemiological studies that 
have examined the possible relationships between exposure 
to glyphosate and NHL and MM. The aim was to include 
all such publications - case control studies, cohort studies 
and pooled analyses - published to the present. In this 
process, other publications are typically identified, such as 
reviews, commentaries, methodological investigations, letters 
to the editor and case reports (or case series). Our primary 
concern here, however, was the evaluation of the pub
lished analytical epidemiological studies of glyphosate and 
either NHL or MM. To the extent that other types of publi
cations inform our assessment, those papers will be cited 
in this report. The so-called "gray literature1 2" was not 
reviewed.

Medline (PubMed) and TOXLINE were searched for English- 
language publications (with no time constraints) as follows:

a. PubMed: (2 August 2015): search terms: "glyphosate" 
and "cancer" (n = 31);

b. TOXLINE: (2 August 2015): search terms: "glyphosate" 
and "cancer" (n = 48);

c. PubMed: (13 August 2015): search terms: "herbicide” and 
"cancer" and "lymphoma" and "epidemiology" [n = 153);

d. PubMed: (24 August 2015): search: "herbicide" and 
“cancer" and "multiple myeloma" and "epidemiology" 
(n = 38);
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T a b le  2 .  R e s u l t s  f o r  g ly p h o s a t e :  N o n - H o d g k in 's  ly m p h o m a  ( N H L ) .

Author, year (study design)
9 cases, controls total or 

exposed OR/RR (95% Cl) M ultivariate adjustments Outcome
McDuffie et al. 2001 

(case-control)
517, 1505 [total]
51, 133 Any use OR = 1.2 (95% Cl 0,8, Age, province, medical

NHL

Hardell et al. 2002 
(case-control)

28, 97 

23, 36

515, 1141 [total] 
8, 8

1.7)
<2 days/year OR = 1.0 (95% C! 

0.6, 1.6)
>2 days/year OR = 2.1 (95% C! 

1.3, 2.7)

Any use OR = 3.0 (95% Cl 1.1,

conditions 
Age, province

None
NHL+ HCL

De Roos et al, 2003 
(case-control)

8, 8

550, 1933 [total] 
36, 61

8.5)
Any use OR =  1,9 (95% Cl 0.6, 

6.2)

Any use OR — 2.1 (95% Cl 1.1,

Multivariate (unspecified)

Age, other pesticides, study site
NHL

De Roos et a I. 2005

35, 51

71 exposed cases

4.0)
Any use OR =  1.6 (95% Cl 0.9, 

2.8)

Any use RR =1.1 (95% Cl 0.7,

Age, other pesticides, study site, 
priors for chemical class and 
probability o f being carcino
genic [hierarchical model]

Age, education, smoking, alco- NHL

(cohort, n = 5? 311)

Eriksson et al. 2008 
(case-control)

21 unexposed cases 
29 cases 
15 cases

17 cases

910, 1016 [total)
29, 18

1.9)

1-20 days R R =  1.0 (referent) 
21-56 days RR -  0.7 (95% Cl 

0.4, 1.4)
57-2678 days RR =  0.9 (95% Cl 

0.5, 1.6)

Any use OR = 2.0 (95% Cl 1.1,

hoi, fam ily history, state, 10 
pesticides

same

Age, sex, year of diagnosis or
NHL

Orsi et al. 2009 
(case-control)

17, 9

244, 436 total 
12, 24

3.7)
>10 days OR = 2.4 (95% Cl 1.0, 

5.4)

Any use OR — 1.0 (95% Cl 0.5,

enrollment
Same

Age, center, socioeconomic
NHL

Cocco et al. 2013 
(case-control)

2348, 2462 [total] 
4, 2

2.2)

Any use OR =  3.1 (95% Cl 0.6,

category

Age, sex, education, study
B-cell lymphoma

17.1) center
Cl: confidence Interval; HCL: hairy cell leukemia; OR: odds ratio; RR: relative risk.

After removal of duplicates and examining the titles and 
abstracts, 11 publications were identified as relevant. Reasons 
for exclusions include; not analytical epidemiology, glypho
sate not examined, and NHL and/or MM not examined.

An additional seven relevant analytic epidemiological stud
ies were identified after examining reference lists from the 
publications above, the IARC Monograph 112 (2015) wherein 
glyphosate and cancer were evaluated, as well as personal 
collections of relevant papers by the expert panel. Upon fur
ther review, two of these references were excluded: Lee et al. 
(2005) because it did not focus on NHL or MM (only glioma) 
and the meta-analysis of Schinasi and Leon (2014) because 
our focus was on the primary literature. A meta-analysis by 
Chang and Delzell (2016) that was pending publication at the 
time of our review would have been excluded for the same 
reason.

The 16 relevant analytical epidemiological studies are 
listed In Table 1. Data collected from each study included the 
following: first author, year of publication, study design, num
ber of cases and controls (for case-control studies), number 
of participants in cohort studies, results (typically in terms of 
an estimate of the relative risk [RR], e.g. an odds ratio [OR] 
with accompanying 95% confidence interval [95% Cl]), expo
sure-response (if available), variables adjusted for in the

analyses, and outcome (e.g. NHL, MM). See Tables 2 and 3 for 
details.

Each study was evaluated by the panel for the following 
key features that relate to study validity: recall bias (likely/ 
unlikely3), exposure misclassification (likely/un likely),
exposure-response analyses with a trend test (yes/no), selec
tion bias (likely/unlikely), adjustment for confounding by 
other (non-glyphosate) pesticides (yes/no), adjustment for 
confounding from other variables (yes/no), pathological 
review of cases (yes/no), proxy respondents (%cases/ 
%controls), bias from sparse data (possible/no), blinding of 
interviews (yes/no/unclear) and consideration of induction/ 
latency (yes/no). See Table 4 for details.

Validity considerations 
S e le c t io n  b ia s  a n d  re c a ll b ia s

With the exception of one notable cohort study (De Roos 
et al. 2005), epidemiologists have employed the case control 
design to investigate glyphosate. Case control and cohort 
studies are related designs. Both study designs, if conducted 
with high quality, can produce valid results. In fact, the case 
control design is best thought of as including the cases that 
would have been detected in a hypothetical cohort study
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Table 3. Results for glyphosate: multiple myeloma (MM).
Author, year 
(study design]

# cases, controls 
Total or exposed

OR/RR 
(95% Cl)

Multivariate adjustments

Brown et al. 1993 
(case-control)

173, 650 [total]
11, 40 Any use OR =  1.7 (95% Cl 0.8, 3.6) Age, vital status

De Roos et al. 2005 24 exposed cases Any use RR = 1,1 (95% Cf 0.5, 2.4) Age
(cohort, n  — 57 311) Eight unexposed cases 

Not specified Any use RR = 2.6 (95% Cl 0.7, 9.4) Age, education, smoking, alcohol,

Eight exposed cases 1—20 days RR = 1 .0  (referent)
fam ily history, state, 10 pesticides 

Age, education, smoking, alcohol,

Orsi et al. 2009 
(case-control)

Five exposed cases

Six exposed cases

56, 313 [total]
5, 18

21-56 days RR = 1.1 (95% Cl 0.4, 
3.5)

57-2678 days RR = 1,9 (95%
Cl 0.6, 6.3)

Any use OR = 2.4 (95% Cl 0.8, 7.3)

fam ily history, state, 10 pesticides 

Age, center, socioeconomic category
Kachuri et al. 2013 

(case-control)
342, 1357 [total] 
23, 108 Any use OR = 1.1 (95% Cl 0.7, 1.9) Age, province, smoking, selected med

Sorahan 2015

11, 78 

10, 26

24 exposed cases

<2 days/year OR =  0.7 (95% Cl 
0.4, 1.4)

> 2 days/year OR = 2.1 (95% Cl 
0.95, 4.7)

Any use RR — 1.1 (95% Cl 0.5, 2,5)

ical conditions, fam ily history of 
cancer 

Same

Age

Reanalysis of
De Roos et al. 2005

Eight unexposed cases 

24 exposed cases Any use RR =  1.2 (95% Cl 0.5, 2.9) Age, sex, education, smoking, alcohol.

Eight unexposed cases 
Eight cases Never used RR =  1.0 (referent)

family history of cancer, education, 
10 pesticides

Age, sex, education, smoking, alcohol,

10 exposed cases 

Eight exposed cases 

Six exposed cases

1-20 days RR = 1.1 (95% Cl 0.4, 
3.0)

21-57 days RR — 1.5 (95% Cl 0.5, 
4.3)

57-2678 days RR =  1.4 (95% Cl

family history of cancer, education, 
10 pesticides

0.4, 4.5)

Outcome

MM
MM

MM

MM

MM

Cl: confidence interval; HCL: hairy ceil leukemia; OR: odds ratio; RR: relative risk.
1, Reanalysis of De Roos et al. to assess the exclusion of 14 000 with some missing covariate data as the explanation for the difference in RRs adjusted for age 

(r r  =  i , i )  versus adjusted for age, education, smoking alcohol, family history, state and 10 pesticides (OR =  2.6).

along with a sample of the source population (Rothman et al. 
2008). The purpose of the control group is to determine the 
relative size of the exposed and unexposed populations that 
gave rise to the cases, so as to enable valid risk estimates for 
exposed versus unexposed populations. At times in case con
trol studies, the control population is selected for conveni
ence or practicality in a way that does not allow determining 
the relative size of the exposed and unexposed populations. 
For example, hospital controls may be less likely to have 
strenuous occupations than the general population; hence 
farmers and/or others with pesticide exposures might be 
under-represented among hospital controls. Poor or selective 
participation by potential controls can produce the same 
result. Both scenarios are examples of selection bias that 
would almost certainly generate spurious positive associa
tions between farming exposures and cancers.

A particularly important and well-known potential bias in 
case control studies of pesticides is recall bias. That is, cases 
tend to be more likely to remember or report exposures than 
are study participants who have not been diagnosed with 
cancer. This bias results from the natural self-examination by

cases of what might have caused their grievous illness. Recall 
bias is not a concern in the sole glyphosate cohort study (De 
Roos et al. 2005) because exposure was determined from 
study participants at study entry before follow-up began for 
health outcomes. Recall bias tends to produce spurious posi
tive associations between exposure and disease.

Concern about recall bias also extends to next-of-kin who 
participate in epidemiologic studies in place of deceased or 
disabled family members. Analyses of next-of-kin or proxy 
respondents have been found to produce results similar to 
those of first-hand study subjects (e.g. Kachuri et ai. 2013) or 
to show results quite different than those based on first-hand 
responders (e.g. Lee et al. 2005 -  ORs for glyphosate and gli
oma were 0.4 based on primary respondents and 3.1 for 
proxy respondents); one never knows the impact of having 
appreciable numbers of next-of-kin respondents without a 
thorough analysis of data with/without proxy respondents 
(Johnson et al. 1993). This concern is noteworthy because the 
case-control studies for glyphosate frequently have a high 
proportion of next-of-kin participants and many studies did 
not evaluate the potential bias from next-of-kin responders.
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Table 4. Validity considerations for glyphosate studies.

First author, 
year Recall bias

Fxposure
misdassification

Exposure-resp
onse and 
trend test Selection bias

Adjusted for 
confounding 
from other 

pesticides yes/ 
no

Adjusted for con
founding from 
other variables 

yes/no

Pathology 
review of 

cases
Proxies %cases/ 

%controls
Bias from sparse 

data
Blinding of 
interviews

Consideration 
o f latency

Brown et al.
1993

Likely Moderate ever/ 
never

No Unlikely No Yes Yes 42% for cases; 
30% far controls

No Unclear No
McDuffie et al.

2001
Likely Moderate ever/ 

never; appre
ciable days of 
use

Yes, no trend 
test

Likely No Yes and no Yes 21% cases; 15% 
controls

No Unclear No

Hardell et al. 
2002

Likely Moderate ever/ 
never; appre
ciable in days 
of use analysis

No Unlikely Yes, but varia
bles not 
specified

Unclear Yes for NHL, 
unclear for 

HCL

43% NHL cases 
and controls, 0% 

for HCL

Possible Yes No

De Rods et al. 
2003

Likely in ori 
ginal

publications

Moderate ever/ 
never

No Likely, in original 
publications

Yes Yes Yes 31% for cases; 
40% for controls

No Yes No

De Roos et al. 
2005

No Moderate ever/ 
never; appre
ciable in days 
of use analysis

Yes, yes Unlikely Yes Yes Yes No Possible in some 
analyses

N/A No

Eriksson et al. 
2008

Likely Moderate ever/ 
never

Yes, no trend 
test

Unlikely Yes Age, sex, year of 
diagnosis

Yes No Possible in some
analyses

Yes Yes
Orsi et al. 

2009
Likely Moderate ever/ 

never
No Likely No Yes Yes No Possible Yes No

Cocco et al 
2013

Likely Likely No Likely No No 20% No Possible Unclear No

Kachuri et al. 
2013

Likely Moderate ever/ 
never; appre 
ciable in days 
of use analysis

Yes, no trend 
test

Likely No Yes Yes Excluded No Unclear No

NHL: non-Hodgkin's lymphoma.
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E x p o s u re  a s s e s sm e n t  a n d  m is c la s s i f ic a t io n

With few exceptions, epidemiologic studies of pesticides 
assess exposure by questioning participants or their next-of- 
kin about the prior use of specific pesticides and associated 
work practices. This practice has limitations compared with 
other branches of occupational research where epidemiolo
gists often have access to objective documentation about 
past industrial workplace conditions to aid in exposure 
assessment (e.g, engineering diagrams, process descriptions, 
job descriptions, area or personal exposure-monitoring data).

A number of publications provide insights about the valid
ity or reliability of self-reported pesticide information used in 
epidemiologic studies. In one study, approximately 60% of 
farmers' self-reports agreed with suppliers' records of pur
chases for specific pesticides (Hoar et al. 1986). In another art
icle, researchers evaluated the repeatability of self-reported 
pesticide information on enrollment questionnaires for 4188 
licensed pesticide applicators, primarily farmers, who filled 
out questionnaires in successive years (Blair et al. 2002). The 
year-to-year reliability for reporting any lifetime use of 11 
widely used pesticides varied from 79 to 87%; categorical 
agreement varied from 50 to 59% for typical days of use per 
year and from 50 to 77% for years of use. Based on this lit
erature, it is apparent that perhaps 10-20% or more of partic
ipants in epidemiologic studies may report incorrectly that 
they have used a specific pesticide and that reporting on fre
quency of use and years of use is even less certain.

There seems to be considerable under-appreciation of the 
implications of the acknowledged degree of exposure mis
classification in the pesticide literature. Many consider expos
ure misclassification to almost always be non-differential (e.g. 
similar for cases and controls) and, therefore, to bias analyses 
toward the null (or no association between an exposure and 
a disease). However, even assuming the misclassification is 
non-differential overall over multiple analyses, the direction 
of the resulting bias can be uncertain for any specific analysis. 
As Rothman and Greenland (1998) pointed out, in any given 
study, random fluctuations can lead to bias away from the 
null (towards a positive or negative association) even if the 
classification method satisfies all the conditions for being 
non-differential (viz. on average). Hence, in the studies con
sidered in this review, with hundreds of comparisons per 
study, some fraction of results likely will be biased away from 
the null even if misclassification is non-differential.

Finally, unlike the five days per week, 50 weeks per year 
routine for exposures in industrial settings, glyphosate and 
other pesticide applications are not a frequent occurrence for 
farmers and applicators. In fact, for most, application of a 
specific pesticide, like glyphosate, is seasonal and happens 
only a few days per year. The high exposure category in the 
glyphosate literature is usually two or more days per year - 
reflecting extremely infrequent use for the great majority of 
study subjects and, annually, long periods without exposure. 
This implies that pesticide exposures are much less frequent 
than other occupational exposures for those who use pesti
cides in their occupations and that these other, daily expo
sures need to be addressed comprehensively in any analysis 
of Infrequently used pesticides.

B io m o n ito r in g  s tu d ie s , im p l ic a t io n s  fo r  e x p o su re  
a s se s sm e n t

Epidemiologists recognize that there is a difference between 
exposure (viz. reported use) and dose (the quantity of a sub
stance that is absorbed). In fact, dose Is of more interest than 
exposure in studying potential causal associations. For some 
chemicals, exposure and dose correlate well. For other chemi
cals, the correlation is low. Understanding the correlation 
between exposure and dose is essential for exposure-response 
analyses -  an important indicator for a causal relationship,

The properties of a chemical affect dose. Glyphosate is usu
ally formulated as the Isopropylamine salt, which has an 
extremely low vapor pressure of 1.6 x 1CT8 mm Hg (Tomlin 
2003). Inhalation of spray droplets was found to be a minor 
route of glyphosate exposure in a study of glyphosate applica
tors in Finland (Jauhiainen et al. 1991), leaving dermal contact 
as the primary route of exposure. Dermal penetration experi
ments, where glyphosate was left undisturbed on skin surfaces 
of experimental animals and on human skin in vitro, Indicate a 
percutaneous absorption of less than 2% (Wester et al. 1991).

Biomonitoring studies show results consistent with glyph- 
osate's physlcal/chemical properties. In a study of 48 farmers 
In Minnesota and South Carolina during a normal day of gly
phosate application on their farms, 60% of applicators were 
found to have quantifiable glyphosate in urine (the predomin
ant route of excretion), while 40% of farmers did not 
(Acquavella et al. 2004). The distribution of urinary concentra
tions was highly skewed, with only a small percentage of val
ues appreciably different than the one part per billion limit of 
detection. Nine farmers completed applications in excess of 
100 acres and did not have detectable values for glyphosate in 
their urine. Evaluation of different approaches to exposure 
assessment used in epidemiologic studies has not shown 
good correlation with biomonitoring data for glyphosate 
(Acquavella et al. 2006), Implying appreciable misclassification 
in studies that rely on traditional pesticide exposure assess
ment approaches.

The maximum systemic dose found in a review of all gly
phosate biomonitoring studies completed to date Is 
0.004 mg/kg (Niemann et al. 2015). For comparison, the US 
Environmental Protection Agency (US EPA)'s reference dose 
(viz. the daily oral exposure to the human population, includ
ing sensitive subgroups such as children, that Is not likely to 
cause harmful effects during a lifetime) is 500-fold higher at 
2mg/kg/day (US EPA 1993). The geometric mean systemic 
glyphosate dose for applicators is 0.0001 mg/kg/day.

S ta t is t ic a l  c o n s id e ra t io n s

In addition to the potential study biases discussed above, 
other threats to validity arise from the statistical procedures 
used (or not used) in the epidemiology studies reviewed for 
glyphosate. First, glyphosate risk estimates in several studies 
were based on small numbers of events in the exposure sub
categories considered. For example, the case-control studies 
of NHL reported by Hardell et al. (2002), Cocco et al. (2013), 
and Eriksson et al. (2008) and of MM reported by Orsi et al. 
(2009) involved less than 10 exposed cases and/or controls

RM 000128



34 0  J. ACQUAVELLA ET AL.

overall or in specific glyphosate exposure categories. Even 
the large cohort study of 57 311 pesticide applicators con
ducted by De Roos et al. (2005) and reanalyzed by Sorahan 
(2015) Included sparse data (viz., 10 or fewer glyphosate- 
exposed MM cases In each of the three exposure categories 
considered).

Sparse data not only leads to imprecise risk estimates, but 
can decrease their validity when analyses are limited to 
asymptotic procedures (Greenland et al. 2000; Hlrji 2006). The 
phenomenon of a bias away from the null due to small sam
ples or sparse data is termed sparse data bias. It can occur If 
case-control or cohort studies are analyzed by conventional 
asymptotic methods such as logistic regression or Poisson 
regression rather than their counterparts based on exact esti
mation. For example, In the presence of sparse data, the esti
mated OR derived from asymptotic conditional logistic 
regression is substantially overestimated if the true OR is 
greater than one (Breslow & Day 1980). Sparse data bias also 
affects estimated CIs and p values (Greenland et al. 2000; 
Subbiah & Srinivasan 2008). It appears that all studies involv
ing sparse data relied upon asymptotic procedures only, and 
were thus likely subject to sparse data bias and inflated risk 
estimates.

As shown in Table 4, with few exceptions, the statistical 
models used to evaluate NHL or MM risks among pesticide- 
exposed individuals were deficient at many levels. As all stud
ies were exploratory (viz. not testing a priori hypotheses 
regarding specific pesticide exposures and NHL or MM risk), 
they produced a large number of risk estimates along with a 
high probability of some estimates being statistically signifi
cant simply due to chance alone. No attempt was made in 
any of the studies to adjust p values for these multiple com
parisons, though one case control study (De Roos et al. 2003) 
used a two stage hierarchical modeling approach to adjust 
risk estimates based on pesticide class characteristics and 
extant carcinogenic classification to minimize false positives. 
Also, as shown in Table 4, most studies did not adjust gly
phosate risk estimates for potential confounding by other 
pesticide exposures or relevant medical variables, and only 
one (Eriksson et al. 2008) considered latency period or the 
time between first (or last) glyphosate exposure and health 
outcome. Moreover, only one study (Hohenadel et al. 2011), 
considered the possible Interaction or effect modification 
between pairs of commonly used pesticides.

Even among the few studies that incorporated potential 
confounding or effect modifying factors, little If any informa
tion was provided about the statistical model selection (e.g. 
asymptotic or exact), model building strategy (e.g. criteria for 
Including/excluding co-variables) or the diagnostic proce
dures used to evaluate the fit or robustness of intermediate 
and final models. Thus, In most studies, reported glyphosate 
risk estimates remained relatively crude (viz. not fully 
adjusted) and likely biased due to residual confounding, poor 
model fit and in some cases, sparse data.

NHL studies
Cantor et al. (1992) conducted a NHL case control study in 
Iowa and Minnesota to evaluate possible causal factors,

including pesticides. The data from this study were pooled 
with two other US NHL case control studies and subsequently 
reported by De Roos et al. (2003). We defer consideration to 
that more recent analysis.

Nordstrom et al. (1998) conducted a population-based 
case control study in Sweden that included 121 cases of hairy 
cell leukemia (HCL) and 484 general population controls. The 
intent of the study was to evaluate occupational exposures 
and smoking as risk factors for HCL. The data from this study 
are included with data from the Hardell and Eriksson (1999) 
study in a later publication (Hardell et al. 2002). We defer 
consideration of both primary studies to that more recent 
analysis.

McDuffie et al. (2001) conducted a trans-Canada multi-cen
ter case control study to evaluate the relationship between 
pesticide exposures and NHL. Cases (n = 517) were identified 
from provincial Cancer Registries except In Quebec, for which 
hospital ascertainment was used. Controls (n = 1506J were 
selected at random from the provincial Health Insurance 
records (Alberta, Saskatchewan, Manitoba, Quebec), compu
terized telephone listings (Ontario) or voters' lists (British 
Columbia). Participation was much higher among invited 
cases (67%) than among invited controls (48%). Pesticide 
exposure was determined through telephone interviews of 
study participants or their proxies (21% of cases, 15% of con
trols). The authors used conditional logistic regression to esti
mate ORs. The OR for any reported glyphosate use was 1.2 
(95% Cl 0.8-1.7) controlling for age, province and medical 
variables associated with NHL. The strongest pesticide associ
ations were with mecoprop (OR = 2.3) and dicamba 
(OR = 1.9). A subsequent analysis by reported days of use per 
year (none, <2 days/year, >2 days/year) showed glyphosate 
ORs of 1.0, 1.0 (95% Cl 0.6-1.6), and 2.1 (95% Cl 1.3-2.7), 
respectively. This latter analysis did not adjust for medical 
variables that were controlled In the analysis of any glypho
sate use or for the effects of other pesticides.

Assessment: The  strengths of th is study are the relatively large 
num ber o f NHL cases and the likelihood that alm ost all cases 
w ere confirm ed histo log ica lly . The lim itations are likely residual 
confounding In the analysis by days o f use by the uncontrolled 
effects o f m edical variab les and other pesticides, selection bias 
(differential partic ipation by cases and more proxies for cases), 
and passib le  recall bias.

Hardell et al. (2002) reported a pooled analysis of two case 
control studies; one of NHL and the other of HCL. Both of 
these studies were previously reported as separate case-con
trol studies (Nordstrom et al. 1998; Hardell & Eriksson 1999). 
HCL is rare, comprising 2% of lymphoid leukemias, and typic
ally affects middle aged to elderly men (Foucar et al. 2008). It 
Is regarded as a mature B cell neoplasm, as are a high pro
portion of NHLs. It appears that the authors pooled the two 
separate studies principally to achieve a larger study size 
under the assumption that the two neoplasms could be 
treated as a homogeneous entity for etiologic research. 
However, the pooled analysis is thereby heavily weighted by 
HCL cases and the results not representative of NHL more 
broadly. The 404 NHL cases were males aged 25 and older, 
diagnosed in 1987-1990, and living in mid- and northern 
Sweden, drawn from regional cancer registries (viz.
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histologically verified). Each case was matched on age and 
sex to two controls drawn from the National Population 
Registry. The 111 HCL cases were males diagnosed in 
1987-1990, identified from the Swedish Cancer Registry cov
ering the whole country. Each HCL case was matched on age, 
sex and county to four controls drawn from the National 
Population Registry. A total of 515 cases and 1141 controls 
were included in pooled analyses of NHL and HCL. A ques
tionnaire was completed by study subjects or next-of-kin 
regarding complete working history and exposure to various 
chemicals. Exposure to each chemical was dichotomized, with 
at least one working day a year before diagnosis being 
regarded as positive for exposure. Conditional logistic regres
sion was used to estimate ORs and 95% CIs, adjusted for 
study (NHL versus HCL), study area, and vital status. In the 
analyses, only subjects with no pesticide exposure were 
regarded as unexposed4, whereas subjects who had not used 
glyphosate but had used other pesticides were excluded. 
Analysis for glyphosate, unadjusted for other pesticides, 
showed a positive association (OR = 3.0, 95% Cl 1.1-8.5) 
based on eight exposed cases and eight exposed controls. 
Although multivariate analyses were done, it was not stated 
how variables were selected for inclusion or which variables 
were included in the multivariate models. The multivariate 
model for glyphosate indicated appreciable confounding in 
the unadjusted analysis and a reduced, statistically Imprecise, 
positive association for glyphosate (OR =1.9, 95% Cl 0.6-6.2). 
Analyses based on increasing days of use were presented for 
some pesticides, but not for glyphosate.

Assessment: The strengths o f th is study w ere that cases were 
histologically confirm ed and controls w e re  population-based. The 
lim itations of th is pub lication w ere m any. First, the investigators 
found a positive association for every class o f pestic ide and for 
every Individual pesticide, suggesting  a system atic bias in either 
the assessm ent o f exposure (e.g. recall bias, in terv iew er or subject 
(inadvertent) unblinding), in the reporting  of results, or due to 
selection bias. Second, the defin ition of unexposed (viz. no 
exposure to any pesticide) used in the analysis d istorted the 
exposure prevalence for g lyphosate  and precluded being able to 
control for possible confounding by othe r pesticides and farming 
exposures. Third, there seem s to be some inconsistency in 
exposure assessm ent betw een the tw o  studies that w ere pooled 
in this publication. The p revalence  of exp osure  to g lyphosate was 
three tim es higher am ong HCL cases and con tro ls (1.3% ) than it 
was am ong NHL study sub jects (0.4% ), even though both studies 
were contem poraneous and w o u ld  be expected to have sim ilar 
exposure prevalences.

De Roos et al. (2003) reported a pooled analysis of three 
NHL case-control studies of pesticides and other potential 
causal factors (Hoar et al. 1986; Zahm et al. 1990; Cantor 
et al. 1992). This analysis was limited to men and excluded 
cases and controls with a history of living or working on a 
farm before (but not after) age 18. Cases from the Nebraska 
study by Zahm et al. (1990) were diagnosed between July 
1983 and June 1986 and were Identified using the Nebraska 
Lymphoma Study Group as well as data from area hospitals, 
Cases from the Kansas study by Hoar et al. (1986) represented 
a random sample of cases diagnosed between 1979 and 
1981 and selected from the Kansas Cancer Data Service. 
Cases from the study in Iowa and Minnesota by Cantor et al. 
(1992) were diagnosed between 1981 and 1983 and were

Identified from the Iowa State Health Registry along with a 
surveillance system established in Minnesota. Controls for 
these studies were randomly selected from population data
bases (e.g. Medicare, random digit dialing, and state mortality 
files for deceased cases) and frequency matched to cases on 
race, sex, age and vital status at time of Interview. Cases and 
controls were Interviewed (including next-of-kin when neces
sary) regarding use of pesticides and/or herbicides as well as 
other known or suspected risk factors for NHL. The final ana
lysis dataset Included 650 cases and 1933 controls, after 
exclusions of Individuals for whom there was missing Infor
mation. Forty-seven pesticides were included in the analysis 
after excluding pesticides for which there were not at least 
20 persons exposed and data available from all three studies. 
The exposure metric in the analysis was restricted to any 
reported use of a specific pesticide, with no consideration of 
extent of use. Two types of statistical models were used to 
estimate ORs and 95% CIs: (1) standard logistic regression 
and (2) hierarchical regression, wherein logistic regression 
estimates were adjusted In a second stage based on 
expected similarities of effects within pesticide classes and 
the presumed a priori carcinogenic probability for specific 
pesticides as determined by external review bodies. For pesti
cides like glyphosate that were presumed to have a low 
probability of being carcinogenic, this second stage adjust
ment tended to draw positive associations toward the null. 
All analyses were adjusted for age and for the use of 46 other 
pesticides. Results for glyphosate showed an OR of 2.1 (95% 
Cl: 1.1-4.0) in the logistic regression and a lesser association 
(OR= 1.6, 95% Cl: 0.9-2.8) in the hierarchical regression.

Assessment: The  strengths of th is analysis were the histológica 
confirm ation o f NHL cases and the large num bers o f cases and 
contro ls th at enabled  sim ultaneous adjustm ent o f th e  effects of 
47 pesticides. The weaknesses of th is study w ere the re liance on a 
re lative ly crude ind icator o f exposure (ever having used a 
pesticide w ith  no consideration o f the extent o f use) and the 
lim itations com m on to case control studies o f pesticides -  nam ely 
recall bias and, in th is case, an appreciab ly h igher proportion of 
proxy respondents for controls than cases (40% versus 31%).

De Roos et al. (2005) reported glyphosate findings from 
the Agricultural Health Study (AHS), a large prospective 
cohort study of health outcomes related to numerous pesti
cides among more than 53 000 licensed pesticide applicators 
in North Carolina and Iowa. Analyses for glyphosate consid
ered potential exposure in a number of ways including: ever/ 
never use, estimated cumulative exposure days (CED), and 
estimated Intensity-weighted exposure days (IWED). The stat
istical approach was Poisson regression and effects were esti
mated as RRs with 95% CIs. After adjusting for age, findings 
for ever/never use of glyphosate showed a near null RR of 
1.2 for NHL (95% Cl 0.7-1.9), based on 92 cases. Further 
adjustment for education level, pack-years of smoking, alco
hol use in last 12 months, family history of cancer, state of 
residence and 10 other pesticides that were correlated with 
glyphosate use, and excluding applicators who had missing 
data for any of these variables, had little effect on findings 
for NHL (RR 1.1 95% Cl 0.7-1.9). Analyses of potential expo
sure-response effects using the first tertile of CEDs as a base
line category and with adjustments as described above, and

RM 000130



36 0  J. ACQUAVELLA ET AL.

excluding the never-users from the analysis, found a slight 
non-significant negative trend (1-20 days: RR 1.0; 21-56 days: 
RR 0.7, 95% Cl 0.4-1.4; 57-2678 days: RR 0.9, 95% Cl 0.5-1.6). 
These categorical analyses were repeated for IWEDs and find
ings were little changed. De Roos et al. (2005) qualified their 
results as being based on small numbers, but concluded: " . . .  
the available data provided evidence of no association 
between glyphosate exposure and NHL incidence."

Assessment: The strengths o f this study are the large size o f the 
study cohort, the high quality  assessm ent of cancer incidence 
based on statewide registries in Iowa and North Carolina, the lack 
of proxy respondents, the control for confounding by other 
pesticides, and the fact that collection of inform ation about 
pesticide use could not be in fluenced by health status. The 
lim itations of the study are the re lative ly short duration of fo llow 
up for AH5 cohort m em bers, the re lative ly small num ber o f NHL 
cases, and the likelihood of som e degree o f exposure 
m lsclassification in the various analyses.

Eriksson et al. (2008) reported a population based case 
control study of NHL in males and females aged 18-74 living 
in Sweden in 1999-2002. Cases were identified through 
physicians who diagnosed and treated NHL, and all cases 
were histologically verified. Controls were randomly chosen 
from population registries in the same health service regions 
as the cases, and were frequency matched in 10-year age 
and sex groups. A total of 910 NHL cases and 1016 controls 
were Included in the analyses. The authors emphasized that, 
in contrast to their previous studies (Hardell et al. 1981; 
Hardell & Eriksson 1999), the analyses evaluated newer types 
of pesticides in relation to different histopathological sub
types of NHL. All subjects received a mailed questionnaire 
focusing on total work history and exposure to pesticides, 
solvents and other chemicals. For all pesticides, the number 
of years, number of days per year and length of exposure per 
day were questioned. Exposure to each chemical was dicho
tomized, with at least one working day at least a year before 
diagnosis being regarded as positive. In the analyses, only 
subjects with no pesticide exposure were regarded as unex
posed5, whereas subjects with other pesticide exposures 
were excluded. Unconditional logistic regression was used to 
calculate ORs and 95% CIs, adjusted for age, sex, and year of 
diagnosis. Analyses for individual herbicides showed positive 
associations for every agent and ORs were elevated for every 
other pesticide (although not in every analysis by NHL sub
type or category of duration of exposure). In the model for 
glyphosate and all NHL (not adjusted for other exposures), 
the OR was 2.0, 95% Cl 1.1-3.7 for ever/never exposure, 
based on 29 exposed cases and 18 exposed controls. 
Exposure to glyphosate for >10 days showed OR = 2.4, 95% 
Cl 1.0-5.4 (not adjusted for other exposures). Analyses of gly
phosate exposure and NHL subtypes (not adjusted for other 
exposures) were positive for every subtype of NHL, and were 
statistically significant for lymphocytic lymphoma/B-CLL 
(OR = 3.4, 95% Cl 1.4-7.9) and unspecified NHL (OR = 5.6, 
95% C! 1.4-22.0). Results for other NHL subtypes were not 
statistically significant: all B-cell NHL (OR = 1.9, 95% Cl 
0.998-3.5); follicular NHL (OR =1.9, 95% Cl 0.6-5.8); DLBCL 
(OR = 1.2, 95% Cl 0.4-3.4); other B-cell NHL (OR =1.6, 95% Cl 
0.5—5.0); unspecified B-cell NHL (OR = 1.5, 95% Cl 0.3-6.6) and

T-cell NHL (OR = 2.3, 95% Cl 0.5-10.4). Multivariate analysis of 
glyphosate exposure was stated to include agents with statis
tically significant increased ORs or with an OR >1.5 and at 
least 10 exposed subjects. These models excluded subjects 
with exposure to pesticides that did not meet these condi
tions. The multivariate model for glyphosate and all NHL 
showed a non-significant positive association (OR =1.5, 95% 
Cl 0.8-2.9) for ever/never exposure, indicating substantial 
confounding In the analysis that were not adjusted for other 
pesticides.

Assessment: Strengths o f the study include histological 
verification o f cases and use o f population-based contro ls . There 
w ere , how ever, a cou p le  o f m ajor lim itations. First, the 
investigators found a positive  association for every herb icide and 
for every ind iv idual pestic ide (a lthough not in every sub-analysis), 
suggesting a system atic b ias in e ith er the assessm ent o f exposure 
(e .g . recall b ias, in te rv iew er or sub ject [inadvertent] unblinding ), in 
the reporting of results, o r due to selection bias. Second , the 
defin ition o f unexposed (v iz. no exposure  to any pesticide) used 
in the analysis d istorted th e  exposure  prevalence for glyphosate 
for cases and controls and precluded being able to control for 
possib le confound ing  by other pestic ides and farm ing exposures.

Hohenadel et al. (2011) conducted a reanalysis of data 
included in the McDuffie publication to evaluate the relation
ship between exposure to specific pesticide combinations 
and NHL. The authors used unconditional logistic regression 
to estimate ORs for the total number of pesticides used by 
type and carcinogenic potential and for pairwise pesticide 
combinations (neither, either only or both). Where the OR for 
joint exposure was higher than the OR for exposure to either 
pesticide alone, interaction on the additive scale was eval
uated using an interaction contrast ratio (ICR). Exposure to 
glyphosate alone yielded an estimated 8% deficit in NHL risk 
(OR = 0.92, 95% Cl 0.5-1.6), whereas use of malathion only 
was associated with an elevated NHL risk (OR = 2.0, 95% Cl 
1.3-2.9). The OR of 2.1 (95% Cl 1.3-3.4) for joint exposure to 
glyphosate and malathion was similar to that for malathion 
alone and there was no indication of a super additive joint 
effect (ICR <0.5).

Assessment: The  strengths and lim itations of th is  study are 
sim ilar to th ose  outlined for the related study by M cDuffie et al, 
(2001). The re-analysis was m ore an exploratory assessm ent of 
jo in t exposures than it was a study of specific pesticides p e r  se 
and is of lim ited re levance for a possible association betw een 
g lyphosate and risk o f NHL.

Orsl et al. (2009) reported a hospital-based case-control 
study of occupational exposure to pesticides and lymphoid 
neoplasms (Including but not limited to NHL and MM) under
taken in France. Incident cases of NHL (n = 244) were identi
fied from six French hospital center catchment areas between 
2000 and 2004. A panel of pathologists and hematologists 
confirmed pathology. Controls (n = 436) were selected from 
the same hospitals as cases; controls had no history of 
lymphoid neoplasms and were primarily patients from 
rheumatology and orthopedic departments. Patients admitted 
for occupation-related diseases or diseases related to smoking 
and/or alcohol abuse were not eligible as controls although a 
past history of such diseases/conditions did not eliminate the 
control. Controls were matched to cases by center, age (±3 
years) and gender. Information on cases and controls
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involved a standardized self-administered questionnaire on 
socioeconomic status, family medical history, and lifelong 
residential and occupational histories. For additional informa
tion (on personal and family history), smoking, alcohol, tea 
and coffee consumption, use of pesticides (Insecticides, fungi
cides, and herbicides) as well as detailed questions about 
work on farms, a trained interviewer performed a face-to-face 
interview with cases and controls. Two exposure definitions 
were used: definite or possible. Duration of exposure was 
estimated. ORs and 95% CIs were calculated using logistic 
regression. Results for any use of glyphosate and NHL 
showed no association (OR =1.0, 95% Cl: 0.5-2.2) based on 
12 exposed cases and 24 exposed controls.

Assessment: A strength o f th is study Is that the NHL cases were 
confirm ed histologically. The  lim itations are no assessm ent of 
potential confounding due to the uncontro lled  effects of other 
pesticides/exposures, possib le recall bias and selection bias 
(controls w ere prim arily selected  from  orthopedic and 
rheum atological departm ents w here  general population 
prevalence of pesticide exposure w ould likely be under
represented). Scanning the ensem ble  o f hundreds of effect 
estim ates shows that the vast m ajo rity  o f estim ates (though not 
for g lyphosate) were greater than one, suggesting system atic 
error across the various analyses.

Cocco et al. (2013) reported results from the EPILYMPH 
case control study of NHL in six European countries, con
ducted In 1998-2004. The study included 2348 incident 
lymphoma cases and 2462 controls. Approximately 20% of 
the cases had their tissue slides reviewed by a central panel 
of pathologists. Controls were population-based in Germany 
and Italy, matched on gender, age (within five years) and resi
dence area. Hospital controls were used in the Czech 
Republic, France, Ireland and Spain, excluding patients with 
diagnoses of cancer, infectious disease, and Immunodefi
ciency. The participation rate was 88% In cases, 81% In hos
pital controls, but only 52% In population controls in 
Germany and Italy (Cocco et al. 2010). Trained Interviewers 
conducted In-person interviews with a structured question
naire regarding full time jobs held for a year or longer. 
Industrial hygienists coded the occupations to the ISCO, 
International Labour Office (1968) and the NACE, Statistical 
Office of the European Communities (1996) classifications. 
Subjects who reported having worked in agriculture were 
given a job-specific module inquiring in detail about tasks, 
kinds of crops, size of cultivated area, pests being treated, 
pesticides used, procedures of crop treatment, use of per
sonal protective equipment, reentry after application and fre
quency of treatment in days/year. Hygienists reviewed the 
job modules to assess exposure to pesticides in categories. 
Exposure was scored in terms of confidence (probability and 
proportion of workers exposed), intensity and frequency. A 
cumulative exposure score was calculated. Subjects unex
posed to any pesticide6 were the referent category for all 
analyses. Unconditional logistic regression was used to calcu
late ORs and 95% CIs, adjusted for age, gender, education 
and study center. The authors reported a moderate associ
ation between glyphosate (ever/never exposure) and B-celI 
NHL (OR = 3.1, 95% Cl 0.6-17.1) in a univariate analysis that 
was statistically Imprecise being based on only four exposed 
cases and two exposed controls. Clearly, there were too few

exposed cases and controls to estimate an OR for glyphosate 
controlling for other exposures.

Assessment: Glyphosate  exp osure  was so in frequent in th is study 
that it precluded an in fo rm ative  analysis. W ere that not the case, 
there w o u ld  have been obvious concerns about selection bias 
(esp. low participation fo r controls), confound ing  by other 
exposures (esp. solvent exp osures found to be associated with 
NHL is a previous ana lys is  o f this data (Cocco et a!. 2010), and 
recall bias. In add ition , th e  defin ition of unexposed  (viz. no 
exposure  to any pestic ide) used in the analysis d istorted  the 
exposure  p revalence  for g lyphosate  and w ould have precluded 
being ab le to control for possib le confounding by other pesticides 
and farm ing  exposures had such analyses been attem pted .

MM studies
Brown et al. (1993) conducted a re-analysis of the Natlona 
Cancer Institute Iowa population-based case-control study 
(Brown et al. 1990; Cantor et al. 1992) to evaluate the rela
tionship between exposure to specific pesticides and MM. 
Cases (n = 173) were identified from the Iowa Health Registry, 
Controls (n =  650) were frequency matched to cases by age 
group and vital status at Interview and selected from three 
sources: random digit dialing (living cases under age 65): 
Medicare records (living cases aged 65+) and state death cer
tificate flies (for deceased cases). Participation was relatively 
high and similar among cases (84%) and controls (78%). 
Pesticide exposure for 34 crop insecticides, 38 herbicides 
(including glyphosate) and 16 fungicides was determined 
from in-person Interviews with subjects or their proxies. The 
authors used unconditional logistic regression to estimate 
ORs for pesticides handled by at least five cases. Subjects 
who did not farm7 were the referent exposure category for 
these analyses. The OR for mixing, handling or applying gly
phosate was 1.7 (95% Cl 0.8-3.6) adjusted for vital status and 
age. Failure to use protective equipment (obtained from 
interviews) did not appreciably increase the risk for glypho
sate (OR = 1.9, 95% Cl not reported). None of the pesticides 
considered showed a statistically significant association with 
MM risk.

Assessment: Strengths o f the study were the histological 
confirm ation o f cases and the high and sim ilar partic ipation for 
cases and con tro ls . Study lim itations w ere its exp lo rato ry nature 
(as noted by the authors), lack o f control for potential 
con found ing  by possib ly relevant personal characteristics or by 
exp osure  to o ther pesticides, and possible recall bias. In addition, 
the defin ition of unexposed (viz. non-farmers) used in the analysis 
excluded  64%  of cases and 58%  of controls, distorted the 
exp osure  p revalence  for glyphosate, and would have precluded 
being ab le  to control for possible confounding by other pesticides 
and farm ing exposures had the investigators sought to control 
potentia l con found ing .

De Roos et al. (2005), based on data from the AHS cohort 
study described previously, estimated the age-adjusted RR for 
glyphosate and MM to be 1.1 (95% Cl 0.5-2.4), based on 32 
cases. Further adjustment for education level, pack-years of 
smoking, alcohol use in the last 12 months, family history of 
cancer and state of residence, together with the use of 10 
other pesticides that were correlated with glyphosate use, 
and excluding approximately 14 000 applicators and 13 MM 
cases with missing data for any of these variables, markedly
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increased the RR for MM (RR =2.6, 95% Cl 0.7-9.4). Analyses 
of exposure-response effects using the first tertiie of CEDs as 
a baseline category and with adjustments as described above, 
and excluding the never-users from the analysis, produced a 
non-significant positive trend (1-20 days: RR =1.0; 21-56 
days: RR = 1.1, 95% Cl 0.4-3.5: 57-2678 days: RR = 1.9, 95% Cl
0.6-6.3; p values for trend 0.27). This MM CED analysis was 
based on 19 (of 32) cases, the other 41% of cases being 
excluded for any missing covariate Information. These analy
ses were repeated for IWED categories and findings were lit
tle changed (RRs 1.0, 1.2, and 2.1; p values for trend = 0.17). 
The authors also repeated the exposure-response analyses 
for MM, using the never-use group as the baseline category 
and found a monotonic positive trend (tertiie 1: RR = 2.3; 
95% Cl 0.6-8.9; fertile 2: RR = 2.6; 95% Cl, 0.6-11.5; tertiie 3: 
RR = 4.4; 95% Cl 1.0-20.2; p values for trend = 0.09). The 
authors noted that the marked difference between the age 
adjusted MM findings and the more fully adjusted findings 
(viz. RR =1.1 versus 2.6) could have been due to selection 
bias related to the 14 000 AHS cohort members who were 
dropped from the more fully adjusted analysis due to missing 
values for one or more variables.

Assessment: The strengths o f this study are the large size o f the 
study cohort, the high quality  assessm ent of cancer incidence 
based on statew ide registries In Iowa and North Caro lina, the lack 
of proxy respondents, the control for confounding by other 
pesticides, and the fact that collection o f inform ation about 
pesticide use could not be influenced by health status. The 
lim itations of the study are the short duration o f fo llow-up for 
AHS cohort m em bers, the re lative ly small num ber of MM cases, 
the likelihood of som e degree o f exposure m isclasslfication in the 
various analyses, and the ind ications o f selection bias affecting RR 
estim ates due to the exc lu sion  o f so m any cohort m em bers and 
MM cases from  the m ore fu lly  adjusted analyses (addressed In a 
subsequent publication by Sorahan 2015).

Orsi et al. (2009) reported a French hospital-based case- 
control study of occupational exposure to pesticides and 
lymphoid neoplasms (including but not limited to NHL and 
MM), described previously. Included were 56 incident cases of 
MM and 313 controls matched to cases by center, age (±3 
years) and gender. ORs and 95% CIs were calculated using 
logistic regression. Results for glyphosate and MM showed a 
moderate, but statistically imprecise, association (OR = 2.4, 
95% Cl: 0.8-7.3) based on five exposed cases and 18 exposed 
controls.

Assessment: A strength o f th is study is that the MM cases w ere 
confirm ed histologically. The  lim itations are likely residual 
confounding due to the uncontro lled  effects o f other pesticides/ 
exposures in the assessm ent o f the OR for g lyphosate, possible 
recall bias, and selection bias (contro ls w ere prim arily selected 
from orthopedic and rheum ato log ica l departm ents where general 
population prevalence o f pestic ide exposure w ould likely be 
under-represented). Scann ing  th e  ensem ble o f hundreds o f ORs 
shows that the vast m ajo rity  w as g reater than 1.0, suggesting 
system atic error across th e  various analyses.

Landgren et al. (2009) estimated the age-specific preva
lence of monoclonal gammopathy of undetermined signifi
cance (MGUS) (a medical condition that is sometimes a 
precursor to multiple myeloma) among a stratified random 
sample of 678 AHS participants selected based on lifetime 
organophosphate use. Subjects in the sample had completed

all three phases of the AHS questionnaires, were enrolled Into 
a neurobehavioral study nested within the AHS cohort, and 
had provided serum for analysis. The authors compared 
MGUS prevalence for this sample to that for the general 
population of Olmsted County, Minnesota (due to availability 
of Mayo Clinic MGUS screening data) and found higher 
prevalence for AHS participants. Within the AHS sample, asso
ciations between MGUS prevalence and pesticide exposures 
and subject characteristics were assessed In logistic regres
sion models adjusted for age and education level. The preva
lence OR for MGUS for glyphosate users versus non-users, 
adjusted for age and education level, was 0.5 (95% Cl 
0.2-1.0). None of the herbicides studied showed a strong 
association with MGUS.

Assessment: This is a sm all exp loratory stud y o f pesticide effects 
on a m edical condition th at is som etim es a precursor to MM. 
Taken at face value, the results p rovide evid ence  o f a weak 
Inverse association betw een risk o f M GUS and g lyphosate , though 
the exp lo rato ry nature o f th is study, the lack o f ad justm ent for 
other pesticides in pesticide-specific analyses, the cross-sectional 
nature o f the study, and the im plied specu la tive  hypothesis 
underlying  the analysis (that pesticides m ight cause MM by 
causing  MGUS first) lim it conclusions that can be d raw n from  this 
work.

Pahwa et al. (2012) reported a trans-Canada, multi-center 
case control study regarding the relationship between pesti
cide exposures and MM. The publication is related to the 
trans-Canada NHL study reported initially by McDuffie et al. 
(2001) wherein there was a common control group for the 
study of several lymphopoietic cancers. Pahwa et al. (2012) 
was updated by Kachuri et al. (2013) and we defer consider
ation to that more recent publication.

Kachuri et al. (2013) presented a reanalysis and extension of 
Pahwa et al. (2012) in which they excluded 149 (of 1506) con
trols who did not have an age match with the MM cases, 
Kachuri et al. utilized unconditional logistic regression to esti
mate ORs and presented analyses including and excluding 
proxy respondents (15% of controls and 30% of cases) and 
adjusting for smoking, which was associated with MM. They 
also presented analyses by days of use for individual pesti
cides. Approximately 9% of cases and controls reported use of 
glyphosate. ORs adjusted for smoking were 1.2 (95% Cl 
0.8-1.9) including all cases and controls and 1.1 (95% Cl 
0.7-1.9) excluding cases and controls who had proxy respond
ents. ORs excluding proxy respondents for one and two days/ 
year of glyphosate use and for two or more days/year were 0.7 
(95% Cl 0.4-1.3) in the lower use category and 2.0 (95% Cl 
0.98-4.2) In the higher use category. However, these results 
for days of use per year were not adjusted for the potential 
confounding effects of other pesticides or farm exposures.

Assessment: The strengths o f th is study are the re lative ly  large 
num b er o f MM cases, the likelihood that alm ost all cases w ere 
confirm ed h istologically, and the explicit consideration o f proxy 
respondents in the analysis. The lim itations are likely residual 
con found ing  in the days of use per year ana lys is  by the 
uncontro lled  effects of other pesticides/exposures, selection bias 
(58%  partic ipation for cases and 48%  participation fo r controls), 
and possib le recall bias.

Sorahan (2015) conducted a re-analysis of data from the 
AHS to assess the basis for the disparate age-adjusted and
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more fully adjusted glyphosate MM findings reported by De 
Roos et al. (2005). The author used Poisson regression to 
estimate RRs for MM in relation to glyphosate exposure 
categorized as ever versus never exposed and by levels of 
CEDs and IWEDs. Applicators who had missing covariate 
data were included in the analysis in a "not known" cat
egory so that the entire AHS cohort could be maintained. 
The RR for any glyphosate use adjusted for age and gender 
was 1.1 (95% Cl 0.5-2.5); further adjusting for lifestyle factors 
and use of 10 other pesticides yielded a similar RR of 1.2 
(95% Cl 0.5-2.9). RRs for MM tended to Increase with 
increasing CED and IWED reaching a peak RR of 1.9 (95% Cl 
0.7-5.3; p values for trend = 0.2) in the highest category of 
IWED in the fully adjusted model; however, none of the 
trend tests or category-specific RRs was statistically signifi
cant. This reanalysis showed that selection bias was associ
ated with inflated MM risk estimates in the paper by De 
Roos et al. (2005). Those excluded from the analysis included 
five of eight MM cases in the glyphosate never use category. 
Sorahan’s secondary analysis of this AHS data does not sup
port the hypothesis that glyphosate use is a risk factor for 
MM and indicates that the practice of restricting analyses to 
subjects with complete data for all variables can produce 
appreciable bias.

Assessment: This reanalysls answers som e of the questions about 
the im pact o f selection bias in the MM analysis by De Roos et al. 
(2005). G iven that there w ere on ly 32 MM cases in the original 
publication, there  are obvious lim itations to analyses by estim ated 
extent o f exposure that can on ly  be addressed w ith analyses o f 
the AHS cohort using more recent fo llow-up data.

A special consideration: selection bias in 
the analysis
According to accepted case control theory (Rothman et al. 
2008), the validity of case control studies depends on accur
ately estimating the exposure prevalence in the population 
that gave rise to the cases. Exposure prevalence cannot be 
estimated accurately by excluding from the analysis cases 
and controls with farm exposures other than glyphosate as 
was done In several studies. This practice distorts the glypho
sate exposure prevalence for cases and controls and biases 
OR estimates. We illustrate this bias using data from such a 
glyphosate analysis by Brown et al. (1993).

Brown et al. (1993) analyzed a case control study that had 
173 MM cases and 650 controls. Of these, 11 of 173 cases 
(6%) and 40 of 650 controls (6%) reported use of glyphosate. 
Hence, there was no difference in exposure prevalence for 
cases and controls. However, the authors calculated ORs 
using non-farmers as the referent population with the ration
ale that they were not exposed to any farm activities. This 
seemingly well-intentioned modification of the referent popu
lation violates a fundamental premise that underlies the val
idity of case control studies -  that controls should be drawn 
from the population that gave rise to the cases, which, of 
course, Includes individuals with exposure to farm activities. 
With these exclusions 100 of 173 cases (58%) and 338 of 650 
controls (52%), the glyphosate exposure prevalence for cases 
was increased to 15% (11 of 73 cases) and the glyphosate

Table 5. Results as presented by Brown et al. (1993) for 
glyphosate exposure.

Case Control Total
Exposed 11 40 51
Unexposed 62 272 334
Total 73 312 385
O ûnadjusled “ 1.2, 95% Cl 0.5, 2.6.

Table 6. Results for glyphosate exposure using 
cases and controls from 8rown et a I. (1993).

all the

Case Control Total
Exposed 11 40 51
Unexposed 162 610 772
Total 173 650 823
ORun.aji».«a = 1-0, 95% Cl 0.5, 2.1.

exposure prevalence for controls was increased a lesser 
amount to 13% (40 of 312 controls). This created a bias away 
from the null as illustrated in Tables 5 and 6 in our OR ana
lysis of the Brown et al. data with and without restriction of 
the referent group to those not exposed to any farm related 
activities (using Stata version 14).

Ironically, the reason for the clear bias away from the null 
Is that those with exposure to farm related activities and who 
did not use glyphosate had higher MM risks than farmers 
who used glyphosate. In addition, by excluding those without 
exposure to glyphosate and exposure to other farm expo
sures, the authors would have precluded being able to con
trol fully for confounding had they attempted multivariate 
analyses of pesticide exposures. Hardell et al. (2002), Eriksson 
et al. (2008) and Cocco et al. (2013) made similar exclusions, 
defining their referent population as those not exposed to 
pesticides (other than glyphosate). The limited data presented 
in those papers did not permit us to address statistically the 
direction and extent of the bias as we have for Brown et al. 
(1993).

In a similar vein, Sorahan's reanalysls of the MM data from 
the cohort analysis by De Roos et al. (2005) provides another 
example of selection bias in the analysis that produced an 
appreciable bias away from the null. In this case, Sorahan 
(2015) showed that excluding those with any missing covari
ate data increased the adjusted RR from 1.1 to 2.6, largely by 
excluding five of eight MM cases from the glyphosate unex
posed population.

Weight of evidence evaluation 
D e s c r ip t iv e  su m m a ry

We systematically collected, summarized and critiqued 16 
analytical epidemiological publications examining aspects of 
the possible relationship between reported use of glyphosate 
and two cancer types: NHL and MM. We excluded redundant 
publications (Cantor et al. 1992; Nordstrom et al. 1998; 
Hardell & Eriksson 1999; Pahwa et al. 2012) In favor of more 
recent published analyses of the same subjects. This resulted 
in a final evaluative dataset of seven studies of glyphosate 
exposure and NHL (see Table 2) and four studies of glypho
sate exposure and MM (see Table 3), considering the Sorahan 
publication (2015) as an extension of De Roos et al. (2005).
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The descriptive characteristics of each of these studies 
were examined for the likely presence or absence of validity 
concerns (see Table 4). It Is clear from Table 4 that only one 
study in the glyphosate literature (highlighted in Table 4) - 
the AHS cohort study (De Roos et al. 2005) -  was designed to 
minimize selection bias and recall bias, had only firsthand 
respondents reporting about exposures (viz. no proxy 
respondents), and conducted analyses that controlled compre
hensively for confounding by personal characteristics and 
occupational exposures. In addition, the AHS cohort study was 
the only study that attempted to look at exposure-response 
relationships while controlling for confounding exposures. As 
such, it deserves the highest weight in our assessment of the 
literature. The other studies have so many validity concerns 
that they cannot be Interpreted at face value. Indeed, there Is 
evidence in many of these studies that virtually every expos
ure studied was associated with NHL or MM - a clear Indica
tion of widespread systematic bias and the unreliability of any 
of the reported exposure-disease associations.

We note one potential limitation to our systematic review. 
Although we were careful to systematically search the exist
ing literature using search terms and secondary sources to 
identify relevant studies, it is possible that some relevant 
studies were not identified. Given the focus on glyphosate 
epidemiology by IARC and the authors of two recent meta
analyses, included among our secondary sources, we think 
this potential limitation is unlikely to be consequential.

A s s e s s m e n t  o f  c a u sa lity

The assessment of causality Is a complex process that relies 
upon a family of well-recognized methods: the general scien
tific method (familiar to all scientists), study design and statis
tical methods, and research synthesis methods (e.g. the 
systematic narrative review, meta-analysis and pooled ana
lysis, and the so-called criteria-based methods of causal infer
ence), Of these, the criteria-based methods are often 
described and considered In causal assessments, with the 
most familiar having been proposed by Hill (1965) and uti
lized extensively in the 1964 Surgeon General's Committee 
on Smoking and Health and the many publications on the 
topic that dotted the scientific landscape in the late 1950s 
and early 1960s (Surgeon General 1964; Weed 2005). These 
"criteria" or "considerations" are substantive components of 
the stated methodologies of agencies such as the US EPA 
(2005) and IARC (2015).

At the center of these methods is the fundamental scien
tific aim of selecting the best explanation from the alternative 
explanations that exist for any body of scientific observations, 
however carefully they were obtained. In epidemiological 
terms, those alternative explanations typically are defined as 
cause, bias, confounding (a type of bias) and chance. Some 
studies are better at excluding alternative explanations than 
others; cohort studies, for example, are typically better at 
avoiding recall bias than interview based case-control studies, 
and recall bias affects not only the exposure of Interest (here, 
glyphosate) but also potential confounding factors (e.g. 
exposure to other pesticides). Similarly, any and all epidemio
logic study designs can -  and should -  control statistically for

factors believed to be potential alternative explanations, I.e. 
known and putative confounders. For example, studying gly
phosate and any lymphohematopoletic cancer without con
trolling for the potential confounding effects of other 
pesticides and herbicides, as was widely the case for almost 
all of the case control studies, does not permit one to 
exclude those confounders as an alternative explanation. And 
finally, if the results of an epidemiologic study (whether case- 
control or cohort) fail to achieve conventional levels of statis
tical significance -  whether defined in terms of "p values" or 
"95% CIs" -  then the alternative explanation of chance can
not be excluded. Notably, however, as Greenland (1990) 
pointed out, interpretation of p values and CIs at face value 
requires the assumption that a particular OR or RR has been 
estimated without bias (e.g. recall bias, selection bias, or con
founding), elevating the importance of concerns about study 
validity in the interpretation of results.

In essence, all the causal frameworks in epidemiology 
focus on whether the observed associations are strong (viz. 
the size of the OR or RR is appreciably different than 1.0), 
whether the associations appear to have been estimated 
without bias, whether the OR or RR increases or decreases 
with increasing exposure (viz. exposure-response), whether 
the temporal relationship between exposure and effect Is 
considered appropriate, and whether the results are statistic
ally robust enough to rule out chance as an explanation (Hill 
1965; Bhopal 2002; Aschengrau & Seage 2003a, 2003b; 
Sanderson et al. 2007).

Assessment of the NHL studies
With these considerations in mind, for NHL, it is justified sci
entifically to rely most on the results of the De Roos et al. 
(2005) cohort study as those best suited to reveal the exist
ence (or not) of an association between exposure to glypho
sate and NHL. This cohort study was the only study where 
information about pesticide use was collected independently 
of the participants' knowledge of cancer status, where there 
were no proxies providing information about pesticide use, 
where exposure-response was evaluated extensively, and 
where there was statistical adjustment for other pesticide 
exposures and personal factors in estimating RRs for glypho
sate. As De Roos et al. (2005) concluded " . . .  the available 
data provided evidence of no association between glyphosate 
exposure and NHL incidence." On the other hand, all the case 
control studies had the potential limitation of recall bias, 
many had clear indications of selection bias (either in terms 
of subject participation or in the analysis), most had very 
small numbers of glyphosate exposed cases and controls, 
none showed evidence of an exposure-response relationship, 
and most did not control for the potential confounding 
effects of personal factors or other occupational exposures 
in their glyphosate risk estimates. We consider the case 
control studies to be inadequate for the assessment of a 
relationship between glyphosate and NHL and consider the 
AHS cohort study as the one reliable evaluation of NHL 
risk from glyphosate. The two limitations of the AHS study 
are the relatively small number of NHL cases (n = 92) and 
that the length of follow-up after enrollment was less than
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a decade. Those limitations speak to statistical robustness, 
not validity.

Assessment for MM
The glyphosate literature for MM is appreciably sparser than 
the literature for NHL. Again, the AHS cohort study (De Roos 
et al. 2005) is the best source of evidence when compared 
with the three available case control studies. The AHS data 
indicate that glyphosate users had about the same rate of 
MM as non-users adjusting for confounding factors (factoring 
in Sorahan's (2015) reanalysis of the fully adjusted MM results 
from De Roos et al. (2005) to correct the inadvertent selection 
bias discussed previously). Exposure-response analyses by De 
Roos et al. (2005) and Sorahan (2015) were relatively unin
formative in light of the few MM cases split among exposure 
categories. More informative analyses await additional follow
up of the AHS cohort to increase the number of MM cases. 
The three MM case control studies are based on very small 
numbers, have concerns about recall bias and selection bias, 
and did not control for confounding by other exposures. 
Overall, then, we consider this literature inadequate to make 
an informed judgment about a potential relationship 
between glyphosate and MM.

Conclusions
The purpose of this literature review was to address two 
questions:

1. Does the current published epidemiologic evidence 
establish a causal relationship between glyphosate 
exposure and NHL?

2. Does the current published epidemiologic evidence 
establish a causal relationship between glyphosate 
exposure and MM?

Our review of the glyphosate epidemiologic literature and 
the application of commonly applied causal criteria do not indi
cate a relationship with glyphosate exposure and NHL. In add
ition, we consider the evidence for MM to be inadequate to 
judge a relationship with glyphosate. Our conclusion for NHL 
differs from that of the IARC workgroup seemingly because we 
considered the null NHL findings from the AHS to be more con
vincing than the case control studies, in aggregate, with their 
major limitations. We utilized a structured systematic review 
approach, we formally addressed pre-specified validity criteria 
for each study, and our weight of evidence assessment 
employed widely utilized criteria for causal inference.

Notes
1. A positive association has been observed betw een exposure to the 

agent and cancer for w h ich  a causal interpretation is considered by 
the W orking Group to be credib le , but chance, bias or confounding 
could not be ruled out w ith  reasonable confidence.

2. Grey literature pub lications m ay include, but are not lim ited to the 
fo llow ing types of m ateria ls : reports (pre-prints, p relim inary 
progress and advanced  reports, technical reports, statistical reports, 
m em oranda, state-of-the art reports, m arket research reports, e tc.), 
theses, d issertations, conference proceedings, technica l

specifications and stand ard s , non-com m ercia l translations,
b ib liographies, techn ica l and co m m ercia l docum entation , and 
official docum ents n o t published com m ercia lly {primarily
governm ent reports and docum ents) (A lb e ran i et al. 1990).

3. W hether recall bias, e xp osu re  m lsclass ifica tio n  or selection bias was 
classified as likely or un like ly  was based on  a consensus after an in 
person d iscussion of each study by the au th ors .

4. Accord ing to accepted case control th e o ry  (see Rothm an et al.
2008), the va lid ity  o f case  control stud ies depends on accurately 
estim ating  the exposure p reva lence  in th e  population that gave rise 
to the cases. Exposure p reva lence  canno t be estim ated accurately 
by exclud ing  from  the analysis cases and controls w ith farm 
exposures other than g lyphosate . T h is  practice d istorts the 
g lyphosate  exposure p reva lence  for cases and controls and biases 
OR estim ates. We Illustrate th is in the section  on selection bias in 
the analysis using data from  such an an a lys is  by Brown et al. (1993). 
In add ition, excluding those  w ith  e xp o su re  to other pesticides
hinders contro lling  for con found ing  by o th e r farm ing exposures and 
pesticides in m ultivariate  m odels.

5. Per footnote 2, defin ing  the referent in th is w ay distorts the
glyphosate exposure p reva lence  for cases and controls, biases OR 
estim ates, and precludes adequate con tro l for confounding in
m ultivariate m odels. See the section on selection bias in the
analysis for additional details.

6. Per footnote 2, defin ing the referent In th is w ay d istorts the
g lyphosate  exposure p revalence  for cases and controls, biases OR 
estim ates, and p recludes adequate con tro l for confounding In
m ultivariate  m odels. See the section on selection bias in the
analysis for additional details.

7. Per footnote 2, defin ing the referent in th is w ay distorts the
g lyphosate  exposure p revalence  for cases and controls, biases OR 
estim ates, and precludes adequate con tro l for confounding in
m ultivariate  m odels. See the section on selection bias in the
analysis for additional details.
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ABSTRACT
Glyphosate has been rigorously and extensively tested for carcinogenicity by administration to mice 
(five studies) and to rats (nine studies). Most authorities have concluded that the evidence does not 
indicate a cancer risk to humans. The International Agency for Research on Cancer (IARC), however, 
evaluated some of the available data and concluded that glyphosate probably is carcinogenic to 
humans. The expert panel convened by Intertek assessed the findings used by IARC, as well as the full 
body of evidence and found the following: (1) the renal neoplastic effects in males of one mouse study 
are not associated with glyphosate exposure, because they lack statistical significance, strength, consist
ency, specificity, lack a dose-response pattern, plausibility, and coherence; (2) the strength of association 
of liver hemangiosarcomas in a different mouse study is absent, lacking consistency, and a dose- 
response effect and having in high dose males only a significant incidence increase which is within the 
historical control range; (3) pancreatic islet-cell adenomas (non-significant incidence increase), in two 
studies of male SD rats did not progress to carcinomas and lacked a dose-response pattern (the highest 
incidence Is In the low dose followed by the high dose); (4) In one of two studies, a non-significant 
positive trend in the incidence of hepatocellular adenomas in male rats did not lead to progression to 
carcinomas; (5) in one of two studies, the non-significant positive trend in the incidence of thyroid C- 
cell adenomas in female rats was not present and there was no progression of adenomas to carcinomas 
at the end of the study. Application of criteria for causality considerations to the above mentioned 
tumor types and given the overall weight-of-evidence (WoE), the expert panel concluded that glypho
sate is not a carcinogen in laboratory animals.
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Introduction
An expert panel was convened by Intertek, as described 
above (Williams et al. 2016) in response to the scientifically 
surprising conclusion of an International Agency for Research 
on Cancer (IARC 2015) panel's conclusion that data on gly
phosate were sufficient to be classified by IARC as category 
2a - "probably carcinogenic to humans". This conclusion con
tradicts a number of reviews and regulatory approvals that 
previously evaluated the carcinogenic and genotoxic poten
tial of glyphosate (N-(phosphonomethyl)glycine) and its 
metabolite amlnomethyl phosphonic acid. Glyphosate-based 
formulations (GBFs) were also in use prior to the
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development of IARC Monograph 112 (Health and Welfare 
Canada 1991; US EPA 1993a, 2013; WHO 1994; Williams et al. 
2000; European Commission 2002; Kier & Kirkland 2013). The 
consensus among these reviews was that glyphosate was not 
considered to be an animal or human carcinogen and that 
the use of glyphosate and GBFs does not pose a genotoxlc 
or carcinogenic hazard or risk. As a result, glyphosate-based 
herbicides have been approved for use in over 160 countries.

Background to the IARC evaluation
In this section, direct quotes from the IARC documentation 
are Italicized so as to better define their stated objectives.

In examining what are called "agents", IARC refers to 
"specific chemicals, groups of related chemicals, complex mix
tures, occupational or environmental exposures, cultural or 
behavioral practices, biological organisms and physical 
agents". A consistent pattern of consideration of this extraor
dinarily wide range of categories is clearly hard to achieve by 
a single mode of action (MoA).

Any of these categories might be considered in a mono
graph, which is stated to be the first step in carcinogen risk 
assessment -  more precisely described as hazard Identifica
tion. The monographs are intended to identify cancer hazards 
even when the perceived risks are very low at current exposure 
levels, because new uses or unforeseen exposures could engen
der risks that are significantly higher. In some IARC mono
graphs, epidemiological studies used to identify a cancer 
hazard can also be used to estimate a dose-response relation
ship. The epidemiological review In the IARC document 
makes clear that this would not be appropriate regarding 
glyphosate.

IARC Indicates that the outcome of these deliberations rep
resent only one part of the body of information on which public 
health decisions may be based. It Is nevertheless important 
that the data presented are the result of a set of delibera
tions, which acknowledge the characteristics of the scientific 
method In terms of the consideration of the available data.

Rodent carcinogenicity studies 
B a c k g ro u n d

In considering any potential human carcinogen, information 
from many fields of science can be of value and none should 
be ignored, unless there are cogent and properly defined rea
sons for so doing. Studies that are poorly designed and thus 
inherently flawed may be excluded from consideration and 
developments in science subsequent to testing or new infor
mation may make it clear that the conclusions of earlier stud
ies were not valid; this is how science progresses.

Animal testing over a significant portion of their lifespan Is 
an integral part of the regulatory process and is clearly 
intended to provide information, which aids in the identifica
tion of potentially carcinogenic properties of a chemical. 
These properties are those that might result in an increased 
incidence of neoplasms in treated animals when compared 
with concurrent control groups. The studies may identify tar
get organ(s) for carcinogenicity, characterize a tumor dose/

response relationship, identify a no-observed-adverse-effect 
level (NOAEL) or point of departure for establishment of a 
benchmark dose, provide information allowing the extrapola
tion of carcinogenic effects to low-dose human exposure lev
els, and may also provide data to test hypotheses regarding 
a possible MoA (Williams et al. 2014).

Methods for evaluating the results of an extensive data
base of toxicology and carcinogenicity bioassays, as exist for 
glyphosate, have evolved from the application of WoE 
approaches (US EPA, 2005; Suter and Cormier, 2011) to 
approaches built on the systematic and rigorous methods of 
systematic evidence-based reviews (James et al. 2015). These 
approaches recommend that all reliable information be eval
uated. Transparent descriptions of studies to be included and 
excluded are a key component of this approach. For example, 
if certain studies are determined to be invalid and thus not 
included, the reasons for these exclusions should be 
provided.

The majority of carcinogenicity studies are carried out in 
rodent species, most commonly with dosing via the oral 
route. In regulatory toxicology, the Organization for Economic 
Co-operation and Development (OECD) guidelines are com
monly followed and these have been reviewed over a num
ber of years, most recently in 2008 (OECD 2009). It therefore 
follows that in reviewing data on compounds that have been 
tested over many years, a careful examination of the precise 
nature of the studies reviewed must be made lest they fall to 
satisfy current standards of reliability. In any review, If any 
studies are to be ignored, the reasons for this should be 
provided.

The panel members were of the opinion that the IARC 
evaluation showed selectivity in the choice of data reviewed, 
with some omissions for which reasons were not clearly pre
sented. These points will be considered below in more detail 
with regard to particular tumors, but an example of how an 
informative data set was not included in the IARC review Is 
highlighted by the paper of Greim et al. (2015) who evaluated 
14 carcinogenicity studies, nine chronlc/carclnogenicity studies 
In the rat, including one peer-reviewed published study, and 
five carcinogenicity studies with glyphosate In mice. All were 
submitted to support glyphosate Annex I renewal in the 
European Union (European Commission, 2002) and were 
detailed in a supplement to the Greim et al. (2015) paper. The 
IARC Monograph reviewed only six rat and two mouse studies.

The dosing regimens in regulatory studies are determined 
on the basis of internationally agreed frameworks and in gen
eral, some evidence of an effect Is sought, The attempt to 
demonstrate a potential toxic effect with a nontoxic com
pound, such as glyphosate has meant that the highest doses 
studied may utilize the compound at dosages of tens of 
thousands of parts per million in the diet, levels that are con
sidered to be orders of magnitude greater than would be 
achieved from human exposure. Unusually, for glyphosate, 
there are also a number of studies in which lower doses 
are used.

Table 1 from Greim et al. (2015) provides a summary of 
the results of eight different rat studies conducted on glypho
sate. As the studies used dietary exposure, the achieved dose 
levels In each study vary. Table 1 presents a tabulation of the
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Table 1. Summary of select neoplasms in maie rats (studies 1-8) listed in the legend

Select neoplasm 
Pancreas islet cell adenoma 
Pituitary adenoma 
Pituitary carcinoma 
Testes interstitial cell 

(Leydig)
Thyroid C cell adenoma 
Hepatocellular adenoma 
Hepatocellular carcinoma 
Benign keratoacanthoma 

(skin)

Controls - 0 [range In %] 
20/397 [0-14]
153/398 [6-57]
4/98 [2-6]
14/447 [0-8]

Tumor incidence/number of animals examined by dose in mg/kg bw/day (ppm diet)
3t(30) 7.4§ (100) IQt (100) 101] (adjust)U 314 (300) 73.9§ (1000) 86tt (1500) 89* (2000) 1001 (adjust)HH 104# (3000) 121** (2000)
5/49 0/30 2/50 1/24 2/50 0/32
19/49 4/30 20/48 12/24 18/47 3/31
2/49 NF 3/48 1/24 1/47 NF
3/50 0/37 1/50 1/25 6/50 2/32

1/51 8/57 2/17 1/74 2/64
11/51 32/58 8/19 41/75 17/63
NF NF 0/19 NF NF
3/51 0/60 0/19 2/75 2/63

35/391 [4-18] 1/49 0/26
30/351 [0-48] NF 22/50
22/384 [0-42] 0/50 28/50
8/250 [2-5] NF NF

0/49 1/21 2/49 1/29 #1/51
NF 1/50 NF 10/48 2/51
1/50 1/50 2/50 18/48 0/51
NF NF NF NF 3/51

5/58 1/17 10/74 #1/63
2/60 1/49 0/75 2/64
2/60 1/49 1/75 NF
3/60 NF 3/75 0/64

Select neoplasm 150| (3000)
Tumor Incidence/number of animals examined by dose mg/kg bw/day (ppm diet)

28544
(5000)

300M
(adjust)HH

354#
(10000)

361* * 
(6000)

3624
(8000)

740.6§
(10000)

780|
(15000)

9404
(20000)

1000H
(adjust)

107744
(15000)

1127#
(30000)

1214**
(20000)

1290|
(25000)

Pancreas islet cell adenoma NF 2/51 2/21 1/80 0/64 5/60 1/49 NF 7/59 1/49 1/51 1/78 1/64 NFPituitary adenoma NF 10/51 7/21 33/80 18/64 34/58 5/49 NF 32/59 17/50 20/51 42/78 19/63 NFPituitary carcinoma NF NF 1/21 NF NF NF NF NF NF 0/50 NF NF NFTestes interstitial cell (Leydig) 1/49 1/51 0/21 0/80 2/63 3/60 3/50 2/49 2/60 2/50 1/51 2/78 2/64 0/47Thyroid C cell adenoma NF 440/51 2/21 5/79 441/63 8/58 1/50 NF 7/60 8/49 443/51 6/78 tiO/64 NFHepatocellular adenoma NF 0/51 2/50 2/80 0/64 3/60 21/50 NF 8/60 2/50 1/51 1/78 5/64 NFHepatocellular carcinoma 1/49 0/51 0/50 2/80 NF 1/60 24/50 0/49 2/60 0/50 0/51 1/78 NF 0/47Benign keratoacanthoma (skin) NF 0/51 NF 0/80 1/64 4/60 NF NF 5/59 NF 6/51 7/78 1/63 NF
The 25 doses result from the multiple doses per individual study
Taken from Greim et al. 2015.
tStudy 1 (Monsanto) (CD) SD rats, rated unreliable for carcinogenicity evaluation. 
TStudy 2 (Monsanto) (CD) SD rats, including interim sacrifice groups.
UStudy 3 (Cheminova) SD rats.
§Study 4 (Feinchemic Schwebda) Wistar rats.
(Study 5 (Excel) SD rats, rated unreliable for carcinogenicity evaluation.
#Study 6 (Arysta Life Sciences) Crj:CD SD rats, including interim sacrifice groups. 
**Study 7 (Syngenta) Alpk:APfSD Wistar rats, including interim sacrifice groups. 
ttStudy 8 (Nufarm) Wistar Han CrfcWI rats.
44Recorded as parafollicular adenoma.
1111 Dietary concentrations adjusted weekly to achieve target mg/kg bw/day dose. 
NF: not found/not reported.
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relevant tumor data for each of these eight studies in ascend
ing order of achieved dose (lowest to highest). This allows a 
comparison of the incidence of specific neoplasms in each of 
the eight studies at all dose levels. As can be seen from 
Table 1, some of the benign tumors in male rats that appear 
to concern IARC in terms of the potential risk to humans, are 
widely represented in non-exposed animals as well as those 
exposed to doses well below those that might be expected 
in standard carcinogenicity studies conducted for regulatory 
purposes. The incidence of tumors shows no clear or consist
ent pattern, either across dose or individual study. Such a dis
tribution of findings strongly indicates that these incidences 
represent spontaneous variations.

Neoplasm data can be analyzed using a survival-adjusted 
trend test that discriminates among fatal, incidental, and 
palpable neoplasms (Peto et al., 1980). If one or more tumor 
types in a valid bioassay show a significant positive trend in 
incidence rates, the significance level (p value) for rare (< 1% 
background incidence) neoplasms would be 0.025 and for 
common neoplasms 0.005 (US FDA 2001; Williams et al. 
2014). For pairwise comparisons (control vs high dose), the 
significance of rare neoplasms would be 0.05 and of common
0. 01.(US FDA 2001; Williams et al. 2014).

In the Monograph, IARC concluded that there is sufficient 
evidence in experimental animals for the carcinogenicity of gly- 
phosate, reaching this opinion by the use of trend analysis in 
the absence of statistical significance in pairwise comparisons. 
Furthermore, the level of significance which differs between 
rare and common tumors was not taken into account.

E v a lu a t io n  o f  lA R C 's  c o n c lu s io n s

IARC concluded that glyphosate induced:

1. A significant positive trend in the incidence (p = .037) of 
renal tubule carcinomas and of adenomas and carcino
mas (p = .034) in male CD-I mice of one study only. This 
is a rare tumor type.

2. In a second feeding study in the same strain of mice, a 
significant positive trend in the incidence ( p c .001) of 
hemangiosarcomas in male mice.

3. In two dietary studies in SD rats, a significant positive 
trend (p c .05) in the incidence of pancreatic islet cell 
adenomas occurred in male rats.

4. In the first dietary study in SD rats, a significant positive 
trend (p = ,016) in the incidence of hepatocellular adeno
mas occurred in males.

5. In the first dietary study in SD rats, a significant positive 
trend (p = 031) in the incidence of thyroid C-cell adeno
mas occurred in females.

The expert panel evaluated each of these conclusions 
further below.

K id n e y  tu b u la r- c e ll n e o p la s ia  in  m ic e

The expert panel noted that the conclusions of the IARC 
monograph 112 (IARC 2015) with respect to kidney

neoplasms in male CD-I mice were based on only one of 
two oral mouse two-year carcinogenicity studies (Monsanto 
1983; Cheminova 1993a) excluding two additional 18-month 
oral studies in CD-I mice (Arysta Life Sciences 1997; Nufarm 
2009), and one 18-month oral study in Swiss Albino mice 
(Feinchemie Schwebda 2001). All of the mouse studies were 
considered by expert groups to meet the guidelines for car
cinogenicity bioassay in mice (US EPA 1990; ICH 1997). The 
two mouse studies evaluated by IARC, which were the first 
two studies reported, were also reviewed by Williams et al. 
(2000).

This section examines the renal neoplasms that occurred 
in the first two-year, oral chronic toxicity, and carcinogenicity 
study in CD-I mice (Monsanto 1983), which was subsequently 
reevaluated by a pathology working group (PWG) (Dr. R M 
Sauer, Dr. MR Anver, Dr. JD Strandberg, Dr. JM Ward, and Dr. 
DG Goodman) and peer review experts Including Dr. Marvin 
Kuschner M.D., Dean, School of Medicine, State University of 
New York at Stony Brook; Dr. Robert A. Squire, Robert A. 
Squire Associates Inc., Ruxton Maryland; Klaus L. Stemmer 
M.D., Kettering Laboratory, University of Cincinnati Medical 
Center, and; Robert E. Olson, M.D., Ph.D., Professor of 
Medicine and Pharmacological Sciences, State University of 
New York at Stony Brook (Sauer 1985; US EPA 1985a, 1985b, 
1985, 1991a; McConnell 1986) and compares these findings 
to the other four chronic toxicity and carcinogenicity mouse 
studies with oral glyphosate (GLY) administration. These latter 
four studies did not produce renal neoplasms (Cheminova 
1993a; Arysta Life Sciences 1997; Feinchemie Schwebda 2001; 
Nufarm 2009).

In the first two-year bioassay reported by Monsanto in 
1983, male and female CD-I mice were dosed with GLY at 
0 (MO/FO, control group), 1000 [157/190, low-dose (LD) 
group], 5000 [814/955, mid-dose (MD) group] or 30,000 
[4841/5874 mg/kg/d, high-dose (HD) group] ppm in the diet. 
In this and all the other carcinogenicity studies, HD animal 
survival was high. Some of the pertinent, but not significant, 
GLY-related effects were observed only in the high-dose 
group in males. They included: decrease in body weight 
gain, a centrilobular hepatocellular hypertrophy, and a urin
ary bladder hyperplasia. In addition, initially, neoplastic 
(benign) renal tubule adenomas were found microscopically 
in male mice only (0/49, 0/49, 1/50 (2%), 3/50 (6%) at the 
terminal necropsy. The initial diagnosis in one MD mouse 
(mouse #3023), and three HD mice (mouse #'s 4029, 4032, 
4041) was that of renal cell adenoma (Monsanto 1983). This 
rare neoplasm is designated as renal ceil adenoma or tubu
lar cell adenoma (Greaves 2012). Macroscopically, the loca
tion and dimensions of these adenomas were as follows: In 
#3023, a mass was found on the right kidney (2.4 x  1.8cm), 
in #4029, a very small area was suspected (no location and 
dimensions were given), in #4032, a suspicious area was 
found on the left kidney (0.5 x  0.4cm), in #4041, a suspi
cious area was found on the left kidney (0.6 cm in diam
eter). Subsequently, réévaluation was made by a PWG that 
resulted in a report by Sauer (1985) and McConnel (1986). 
This was also reflected in four US EPA submissions (US EPA 
1985a, 1985b, 1986, 1991a). The final evaluation of the
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Table 2. Final evaluation of pertinent renal histopathology findings from 
Monsanto Study (1983).

Diagnosis
Mouse and group 

identification Group incidence
Tubular-cell adenoma 1028 Control 1/49
Tubular-cell carcinoma 3023*, Mid dose 1/50

4029, 4032, 4041 High dose 3/50
Tubular-cell hyperplasia 1018, Control 1/49

3031, 3039, Mid dose 2/50
4008, 4049 High dose 2/50

Intercurrentt papillary 1008, 1041, Control 2/49
hyperplasia 3008, 3050 Mid dose 2/50

Bold numbers indicate the original histopathological diagnosis of tubular-cell 
adenoma In four male mice; TCA/TCC, this combination was utilized in the 
IARC 2015 evaluation, only the trend analysis was p = .034, a value level, 
which is not significant for rare tumors (US FDA 2001); *, this neoplasm was 
the largest of all neoplasms; t, intercurrent occurring indicates while another 
process/renal toxic change was in progress.

kidney pathology produced the following Incidences of per
tinent renal findings detailed in Table 2.

The overall final incidence of renal neoplasms In male 
mice was as follows: 1/49, 0/49, 1/50, and 3/50, with the larg
est neoplasm being in the MD (#3023) group. The important 
non-neoplastic renal findings of hyperplasia were as follows: 
3/49, 0/49, 4/50, and 2/50, indicating absence of a dose- 
response, with the highest incidence in the MD group, 
followed by the control group, and the HD group. The LD 
group had no renal findings.

Based on the pattern of pre-neoplasia and neoplasia 
described above, the PWG recommendation was that the 
renal neoplasms were not compound related, since they were 
not preceded by dose-related proliferative changes (hyperpla
sia). Thus, there was no dose-response for pre-neoplasia. In 
addition, no multiple renal neoplasms and no nephrotoxic 
lesions were found in any of the mice; many mice had prolif- 
eratlve/cystic lesions in the parietal layer of the Bowmans' 
capsule and proximal convoluted tubules. These changes, 
however, were more severe In controls. In addition, the 
females from the HD group of the study had no renal neo
plasms and only proximal tubule epithelial basophilia and 
hypertrophy. No discrepancies were noted in any of the 
histopathology reporting among the various expert panel 
groups (Sauer 1985; US EPA 1985a, 1985b, 1986; McConnel 
1986).

In addition to the PWG recommendations (above), a 
review of the renal lesions, which occurred only in 14 out of 
198 male mice at the termination of the first (Monsanto 
1983) study, showed clearly that none of the occurrences of 
hyperplasia (tubular-cell hyperplasia or intercurrent papillary 
hyperplasia were present in mice that had tubular-cell aden
oma or tubular-cell carcinoma (Table 2). The absence of 
hyperplasia indicates that all renal proliferative and neoplastic 
lesions occurred de novo in male mice in all experimental 
groups (including controls), I.e. they were spontaneous or 
background lesions, and were not compound related. 
Moreover, the female mice, which had received 1.2-times, 
1.1-times, or 1.2-times more GLY, within the LD, MD, or HD 
groups, respectively, had no renal neoplastic lesions.

Thus, the Monsanto (1983) report concluded that for male 
and female mice, the lower NOAEL was 157mg/kg/d, and the 
lowest observed adverse effect level was 814mg/kg/d.

Three additional oral carcinogenicity studies were con
ducted in CD-1 mice and one in Swiss Albino mice 
(Cheminova 1993a; Arysta Life Sciences 1997; Feinchemie 
Schwebda 2001; Nufarm 2009).

The Cheminova (1993a) report, was a two-year mouse 
study. In this study, no renal neoplasms were evident up to 
1000 mg/kg/d (HD) of GLY in CD-I mice of both sexes.

In an 18-month diet study in CD-I mice, histopathological 
evaluations of groups dosed up to 4200 mg/kg/d of GLY (HD), 
did not show any evidence of renal neoplasms in male or 
female mice (Arysta Life Sciences 1997).

In an 18-month diet study in Swiss Albino mice, up to 
1460 mg/kg/d (HD) of GLY produced no statistically significant 
neoplastic lesions (Feinchemie Schwebda 2001) and finally, in 
a 18-month diet study in CD-I mice at dosages up to 
946 mg/kg/d (HD) of GLY was shown not to be carcinogenic 
to the kidney (Nufarm 2009).

In the last four mouse carcinogenicity studies, multiple- 
section sampling of kidneys for histopathology was utilized 
according to Eustis et al. (1994).

Thus, for the five glyphosate mouse carcinogenicity stud
ies, only the first conducted study showed any neoplastic 
renal lesions and these occurred only In male mice of the MD 
at 814 mg/kg/d, and HD groups at 4841 mg/kg/d. All of these 
general and renal neoplastic findings indicating a lack of a 
glyphosate renal carcinogenic response were reported in key 
regulatory submission updates (US EPA 1985a, 1985b, 1986, 
1991a, 1993a, 1993b, 2012, 2013; JMPR 1987, 2006, 2014, 
2016; IPCS 1996, 2005; European Commission 2002; EFSA 
2009, 2015), and one review publication (Greim et al. 2015).

In conclusion, 14 GLY carcinogenicity studies (nine rat and 
five mouse) were evaluated for their reliability, and selected 
neoplasms were identified for further evaluation across all 
databases (Greim et al. 2015). The mouse renal neoplasms 
occurred only in males of the first study. In the other four, 
the HD of 1000 mg/kg/d (Cheminova 1993a), 4200 mg/kg/d 
(Arysta Life Sciences 1997), 946 mg/kg/d (Nufarm 2009), and 
1460 mg/kg/d (Feinchemie Schwebda 2001) produced no 
renal neoplasms in either male or female mice,

The assessment of this study (Monsanto 1983) based on 
the PWG of the US EPA (1986) evaluation and which was 
reported by IARC (2015), concluded that the incidence of 
renal tubule adenoma: 1/49 (2%), 0/49, 0/50, 1/50 (2%), was 
not statistically significant, whereas, the incidence of renal 
tubule carcinoma: 0/49, 0/49, 1/50 (2%), 2/50 (4%), was sig
nificant at p = .037 (in the Cochran-Armitage trend test). 
When the adenomas and carcinomas were combined: 1/49 
(2%), 0/49, 1/50 (2%), 3/50 (6%), then the value was p — .034 
(in the Cochran-Armitage trend test). While both these p val
ues (p = .037 and p - . 034) were reported to be significant in 
this one study, it is important that these p values are not 
considered significant for rare neoplasms, for which author
ities require a level of significance for trend at p < .025 
(US FDA 2001).

Furthermore, the Panel applied to the kidney neoplasms 
noted within the Monsanto (1983) study a set of logical con
siderations for causation similar to those proposed for evalu
ation of epidemiologic data (Hill, 1965; Woodside & Davis, 
2013) to assess whether an association between exposure
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and effect (two variables) might be deemed strong, consist
ent, specific, temporal, plausible, coherent, and to demon
strate a dose-response pattern. Several conclusions following 
this evaluation were made:

1. The association is not strong, since the higher incidences 
of rare renal neoplasms in dosed groups are not consid
ered to be statistically different from control group.

2. The association is not consistent, since four out of five 
mouse studies did not reproduce similar renal neoplasms 
at comparable doses,

3. The association is not specific, since females of this piv
otal study, which have been exposed to higher levels of 
GLY did not develop renal neoplasms. Also, there were 
no renal findings (hyperplasia or neoplasia) in the LD 
group, whereas the control group had four incidences of 
hyperplasia or adenoma (Table 2).

4. The time required between exposure and effect, i.e. a 
reduced latency time was not present; all tumors were 
observed only at termination. Also, no mouse with neo
plasia had also hyperplasia, and the largest tubular-cell 
carcinoma (#3023) was In the MD group.

5. The biological gradient of association or the dose- 
response curve was absent, since the females and the 
males in LD group had no neoplasms, whereas the con
trols had one.

6. A plausible explanation for the association was absent, 
since a MoA for induction of these renal neoplasms was 
not established.

7. Coherence of the association was also absent, female 
mice and male and female rats did not display kidney 
effects. Also, in the other four mouse carcinogenicity 
studies the mice did not develop similar neoplastic renal 
lesions.

8. The association does not demonstrate a dose-response 
pattern (see #5, 6), since the "in-study” females had nei
ther neoplasms nor any of the other renal lesions, 
although they were exposed to higher levels of GLY.

H e m a n g io sa rc o m a s  in  m ic e

This is a common neoplasm in this strain of mice with histor
ical control values for both males and females ranging from 
2 to 12%. This tumor was observed only in the liver.

The IARC conclusion was that "there was a significant 
(p < .001) positive trend in the incidence of hemangiosarcoma 
in high dose male CD-1 mice" (Control 0%, 0%, 0%, 8%) 
based on their interpretation of the Joint Meeting of the FAO 
panel of experts on Pesticide Residues in Food and the 
Environment (JMPR) 2006 study. Yet in females, the highest

incidence (4%) was in the low-dose group followed by the 
high dose (2%) (Table 3).

In the CD-I mouse study reported by Cheminova (1993a), 
the animals were fed diets providing intakes of glyphosate at 
dose levels of 100, 300, or lOOOmg/kg bw/d for 104 weeks. 
There were no treatment related effects on survival or body 
weight, nor were there any notable Intergroup differences in 
the incidences of externally palpable masses. There were no 
statistically significant increases in the incidence of any 
tumors when compared with the control groups and no dose 
response was evident.

Based on their own statistical analysis, IARC concluded 
that there was an Increase in the Incidence of hemangiosar
coma in males [ p c .001, Cochran-Armitage trend test],

IARC did not comment on the absence of hemangiosarco
mas in Nufarm (2009), an 18-month diet study in CD-I mice 
providing intakes up to 946 mg/kg bw/d of glyphosate 
similar to the previous study high dose. IARC also failed to 
note the historical control data, which have a range of 2-12% 
for both sexes (Charles River Labs 2000). Therefore, the statis
tically significant tumors were within the control data range 
(Table 3).

If the likelihood of the occurrence of hemangiosarcoma is 
considered in terms of the criteria for causality, it is clear that 
there is no strength in the association. For example, pairwise 
comparisons are not significant, there Is no consistency (other 
mouse studies show no tumors of this type at all), a dose/ 
response effect was not seen (some HD groups have a lower 
incidence than lower dose groups). In addition, the dose 
(about 170 mg/kg bw/d) associated with the highest inci
dence In males, did not produce any renal neoplasia in this 
study. Moreover, the female mice which have received higher 
doses of GLY had no significant incidence of hemangiosarco
mas. Thus, despite the significantly positive trend in high 
dose males only, the incidence of this neoplasm was not 
compound related.

P a n c re a t ic  tu m o rs  in  ra ts

Pancreatic islet cell tumors are common in this strain of rat 
(Williams et al. 2014). In two of the nine carcinogenicity stud
ies in rats evaluated by IARC, tumors of islet cells of the pan
creas were diagnosed in both males and females. Both 
studies were made available to IARC by the US EPA (1991a, 
1991b, 1991c).

In the first study, SD rats received 0, 30 (3), 100 (10), and 
300 (31 mg/kg bw/d) ppm ad libitum in diet for 26 months. 
No pancreatic islet carcinomas were observed. The Incidence 
of adenoma was found to have a positive trend (p < .05) in 
the study. However, the level of significance for common 
tumors should be p < .005. The following islet cell adenoma
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Table 3. Incidences of hemangiosarcoma in CD-1 mouse study (Cheminova 1993b),
Tumor incidence/number of animals examined (mg/kg bw/d)*

Males Females

Hemangiosarcomas
0

0/50
100 300 1000 0 100 300 
0/50 0/50 4/50 (8%) 0/50 2/50 (4%) 0/50

1000
1/50 (2%)

Taken from Greim et al. (2015) supplemental data, doses were administered in the diet, with dietary concentrations adjusted regularly to 
achieve target mg/kg bw/day dose.
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Males Females
Table 4 . L iv e r  t u m o r  in c ld e n c e s / n u m b e r  o f  S p r a g u e - D a w le y  r a t s / g r o u p  ( S t o u t  a n d  R u e c k e r  1 9 9 0 ) .

mg/kg bw/d (ppm) 0 (0) 89 (2000) 362 (8000) 940 (20,000) 0 (0) 113 (2000) 457 (8000) 1183 (20,000)
Interim sacrifice (12th month) 
Hepatocellular adenoma 0/10 0/10 0/10 0/10 0/10 0/10 1/10 0/10
Hepatocellular carcinoma 
Unscheduled deaths

0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10

Hepatocellular adenoma 2/36 1/31 0/33 4/33 0/28 1/28 2/33 1/32
Hepatocellular carcinoma 
Scheduled sacrifices

2/36 1/31 1/33 2/33 0/28 0/28 0/33 1/32

Hepatocellular adenoma 1/14 1/19 3/17 4/17 6/22 1/22 3/17 0/1 a
Hepatocellular carcinoma 
All deaths

1/14 1/19 0/17 0/17 1/22 0/22 1/17 1/18

Hepatocellular adenoma 3/60 2/60 3/60 8/60 6/60 2/60 6/60 1/60
Hepatocellular carcinoma 3/60 2/60 1/60 2/60 1/60 0/60 1/60 2/60

incidences were observed for controls, low, mid and high 
doses respectively In males: 0/50, 5/49 (10%), 2/50 (4%), 2/50 
(4%). This incidence data shows no dose-response patterns 
and preneoplastic effects are absent. In addition, in the first 
study in males, the adenomas also did not progress to carci
nomas. Thus, the pancreatic islet cell adenomas were not 
compound-related. In females, the corresponding values 
were: 2/50 (4%), 1/50 (2%), 1/50 (2%), and 0/50.

In the second study, male and female Sprague-Dawley 
(SD) rats were fed 0, 2000 (89/113), 8000 (362/457), or 20,000 
(940/1183 mg/kg bw/d) ppm glyphosate (96.5% pure) ad libi
tum in diet for 24 months. The following Islet cell tumor inci
dences were observed in males: adenomas - 1/58 (2%), 8/57 
(14%), 5/60 (8%), 7/59 (12%); carcinomas -  1/58 (25%), 0/57, 
0/60, 0/59. In females, the corresponding incidences were: 
adenomas -  5/60 (8%), 1/60 (2%), 4/60 (7%), 0/59; carcino
mas - 0/60, 0/60, 0/60, 0/59. The historical control rates for 
pancreatic islet cell tumors at the testing laboratory were in 
the range 1.8-8.5%. The panel disagrees with the conclusion 
of IARC that there Is a significant positive trend (p < .05) in 
the Incidence of pancreatic adenomas in males, since the 
level of significance for trend should be p< .005 (US FDA 
2001; Williams et al. 2014). Moreover, there was no progres
sion of adenomas to carcinomas.

Four additional studies in rats, described by Greim et al. 
(2015), but not evaluated by IARC, similarly did not show 
pancreatic islet cell tumors. Based on this information, the 
panel concluded that there is no evidence that glyphosate 
induces Islet cell neoplasia in the pancreas.

L iv e r  tu m o rs  in  r a ts

Hepatocellular neoplasms are common for this strain of rat 
(about 5% in males and 3% in female controls) (Williams 
et al. 2014). The IARC evaluation indicated that there was 
" . . .a  significant positive trend (p = .0l6) in the incidences of 
hepatocellular adenoma in m a les ..."  (IARC 2015). This opin
ion was based on its interpretation of the Stout and Ruecker 
(1990) study as presented by the US EPA's Peer Review of 
Glyphosate (US EPA 1991b, 1991c).

In the Stout and Ruecker (1990) carcinogenic bioassay, SD 
rats were exposed through the diet to 0, 2000, 8000, and 
20,000 ppm of 96.5% pure glyphosate for 24 months. These 
dietary concentrations corresponded to 0, 89, 362, and

940 mg/kg bw/d for males and 0, 113, 457, and 1183 mg/kg 
bw/d for females, the highest tested dose (HTD) being close 
to the limit dose for long-term studies with rats (OECD 2009). 
No glyphosate-related clinical signs or influence on survival 
were observed. At term, there was no influence on body 
weights or body weight gain by males; in the females there 
was a 6.4% decreased body weight gain. The original data on 
tumor Incidence in this study are available in Greim et al. 
(2015). The all-deaths Incidences of hepatocellular adenomas 
or carcinomas in the glyphosate-exposed groups were not 
significantly different from the controls (Table 4). At the 12th 
month (interim sacrifice), no adenomas or carcinomas were 
observed in the male groups, but a single adenoma case was 
noted In a female at 457 mg/kg/d. The rates of hepatocellular 
adenomas in females and of hepatocellular carcinomas In 
each sex followed no dose-response pattern at any time. In 
males, the first liver adenoma and carcinoma were observed 
at week 88 and 85, respectively, in animals exposed to the 
HTD of 940 mg/kg/d. A non-significant numerically greater 
(p = .10l, Fisher Exact) Incidence of hepatocellular adenomas 
occurred In male rats exposed to the highest dose, since it is 
a common tumor type, the level of significance required is 
p < .01 . There was no progression from adenoma to carcin
oma. The authors did not highlight the occurrence of hepato
cellular tumors In their final report and concluded that "an 
oncogenic effect was not observed".

The Stout and Ruecker (1990) study has been reviewed 
twice by the US EPA (1991b, 1991c). The US EPA memoranda 
indicate that the incidences of hepatocellular adenomas in 
males were within the range (1,4-18.3%) of historical controls 
from the Monsanto Environmental Health Laboratory (EHL), 
where the study was conducted. Additional statistical analy
ses developed by US EPA on liver tumor rates of male rats 
surviving after the 55th week Indicated that the incidence of 
adenomas in the HTD males did not differ significantly 
from the control by the Fisher's Exact Test pair-wise compari
son, but detected a significant trend (p = .016) by the 
Cochran-Armitage trend test (see also above) (Table 5). Since 
liver adenoma is a common tumor type, the significance level 
for trend should be 0.005 (US FDA 2001; Williams et al. 2014).
It should be noted that the incidences of hepatocellular 
adenomas in animals exposed to the two intermediate doses 
were of the same magnitude as the controls, i.e. there was 
no linear ascending trend of incidence across doses, but a 
"hockey-stick''-type slope. The biological importance of the
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Table 5. Sprague-Oawley male rats: hepatocellular tumor ratest and 
Cochran-Armitage trend and Fisher's exact tests results ip values).

Dose mg/kg bw/d (ppm)
Tumors 0 (0) 89 (2000) 362 (8000) 940 (20,000)
Carcinomas 3/34 2/45 1/49 2/484
(%) (7) (4) (2) (4)
P .324 ,489 .269 ,458
Adenomas 2/44 2/45 3/49 7/48H
(%i (5) (4) (6) (15)
P .016* .683 ,551 ,101
Adenoma +  Carcinoma 5/44 4/45 4/49 9/48
<%) d u (9) (8) (19)
P ,073 .486 .431 .245
Hyperplasia only 0/44 0/45 1/49 § 0/48
<%) (0) (0) (2) (0)
P ,462 1.000 .527 1.000
Adapted from Table 3 (US EPA 1991a) or Table 7 (US EPA 1991b).
*(p < ,05) Significance of trend indicated at control (Oppm). Significance of

pair-wise comparison with control denoted at dose level, If occurred. 
tNumber of tumor-bearing anlmals/number of animals examined, excluding

those that died or were sacrificed before week 55. 
iFirst carcinoma observed at week 85 at 20,000 ppm;
HFirst adenoma observed at week 88 at 20,000 ppm;
§Flrst hyperplasia observed at week 89 at 8000 ppm.

observed data should be taken into account (OECD 2012) 
and in this case the result of the trend test should not over
ride the absence of significance found by the pair-wise test.

The final interpretation of the US EPA Review committee 
was appropriate: "Despite the slight dose-related increase in 
hepatocellular adenomas in males, this increase was not sig
nificant in the pair-wise comparison with controls and was 
within the historical control range. Furthermore, there was no 
progression from adenoma to carcinoma and incidences of 
hyperplasia were not compound-related. Therefore, the slight 
increased occurrence of hepatocellular adenomas in males is 
not considered compound-related" (US EPA 1991b). As noted 
previously, the US EPA ultimately concluded that glyphosate 
should be classified as a Group E (evidence of non-carcino
genicity for humans) chemical (US EPA 1991b, 1991c).

There are other aspects of the Stout and Ruecker (1990) 
data that support the conclusion that glyphosate did not 
exert an oncogenic effect on the liver of SD rats. For 
example, chemical-induced rat hepatocellular carcinogenesis 
is a multiple stage process characterized by progressive func
tional, morphological and molecular changes that indicate or 
precede the full establishment of neoplasia, such as enzyme 
induction, hepatocyte hypertrophy, degeneration and necro
sis, hepatocyte proliferation, hyperplasia, and preneoplasia, 
i.e. altered hepatocellullar foci, and malignant tumors 
(Williams 1980; Bannasch et al. 2003; Maronpot et al. 2010). 
Identification and analyses of these liver changes -  that span 
from adaptative to irreversible adverse effects -  can support 
characterization of key events along the carcinogenesis pro
cess and Inform the MoA of the tested chemical (Williams & 
latropoulos 2002; Holsapple et al. 2006; Carmichael et al. 
2011). None of these alterations were significantly found in 
this study.

It is clear that there was a non-significant numerically 
greater incidence of liver adenomas in a long-term bioassay 
with male rats exposed to glyphosate, at a dose that was 
close to the limit dose. There was no progression to

Table 6. Tumor Incidence/number of animals examined (mg/kg bw/d) (Stout 
and Ruecker 1990 all deaths reported).

Males Females
0 89 362 940 0 113 457 1183

Thyroid C cell adenoma 2/60 4/58 8/58 7/60 2/60 2/60 6/60 6/60
Thyroid C cell carcinoma 0/60 2/58 0/58 1/58 0/60 0/60 1/60 0/60

malignancy and no compound-associated pre-neoplastic 
lesions were induced.

In the last 30 years, the systemic carcinogenic potential of 
glyphosate has been assessed in at least eight studies in 
Sprague-Dawley or Wistar rats (Greim et al. 2015); a ninth 
could not be evaluated because of a high mortality and the 
low doses used (Chruscielska et al. 2000). Considered jointly, 
these animals were exposed through the diet to 24 different 
doses distributed across a wide range of 3.0-1290.0 mg/kg 
bw/d. In exposed males, the Incidences of hepatocellular 
adenomas across the doses showed no dose-response rela
tionship and varied within the same range as the controls. 
Similar rates were also seen for hepatocellular carcinomas. 
These observations confirm the absence of carcinogenic 
potential of glyphosate on the rat liver.

T h y ro id  tu m o rs  in  ra ts

C-cell tumors of the thyroid are a common tumor in this 
strain of rat (Williams et al. 2014).

The Incidence of thyroid C-cell adenoma in females was 
reported in the Monograph (IARC 2015) to have a significant 
positive trend (p = .031). IARC based their opinion, again, on 
its Interpretation of the Stout and Ruecker (1990) study and 
the US EPA's Second Peer Review of Glyphosate (US EPA 
1991a).

In the Stout and Ruecker (1990) study, no statistically sig
nificant difference was reported in the incidence of thyroid C- 
cell neoplasms, as shown In Table 6. Additionally, the US EPA 
(1991a) concluded that "the C-cell adenomas in males and 
females are not considered compound-related." Although the 
C-cell adenomas were slightly numerically greater in male 
and female mid- and high-dose groups, there was no dose 
related progression to carcinoma and no significant dose- 
related Increase in severity of grade or incidence of hyperpla
sia in either sex. However, IARC concluded that "there was 
also a statistically significant positive trend in the incidence 
of thyroid C-cell adenoma in females (p = ,031)." But, because 
this is a common tumor type, the trend significance value 
should be p < .005 (US FDA 2001; Williams et al. 2014). Thus, 
the Incidence of this tumor is not statistically significant.

In the Arysta Life Sciences (1997) study, no increase in C- 
cell adenomas up to 1247mg/kg/d was reported. The 
Chruscielska et al. (2000) study in Wistar rats is not inform
ative and this work fails to meet appropriate standards for 
inclusion.

Thus, In one of the two studies, the significant trend in 
the incidence of thyroid C-cell adenomas in female rats did 
not materialize, although the adenomas were only slightly 
increased in mid and high doses, but there was no progres
sion to malignancy. Thus, only one out of nine life-time
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studies in rats showed a slight not significant increase in C- 
cell adenomas, which however did not progress to 
carcinomas.

E v a lu a t io n s  b y  re g u la to ry  a g e n c ie s , s c ie n t i f ic  b o d ie s  a n d  
th ir d  p a r t y  e x p e r ts

A number of scientific groups, regulatory agencies and indi
viduals have evaluated and commented on these data with 
the latter grouping from third party experts appearing In 
peer reviewed documents. The expert panel agrees with the 
opinions expressed below that glyphosate was not carcino
genic to rodents.

R e g u la to r y  a g e n c ie s

• EFSA 2015: "No evidence of carcinogenicity was confirmed 
by the large majority of the experts (with the exception of 
one minority view) in either rats or mice due to a lack of 
statistical significance in pair-wise comparison tests, lack of 
consistency in multiple animal studies and slightly increased 
incidences only at dose levels at or above the limit dose/ 
maximum tolerated dose, lack of preneoplastic lesions and/ 
or being within historical control range. The statistical sig
nificance found In trend analysis (but not in pair-wise com
parison) per se was balanced against the former 
considerations." (EFSA 2015)

• APVMA (2013) - "The weight and strength of evidence 
shows that glyphosate Is not genotoxic, carcinogenic, or 
neurotoxic."

• US EPA (2013) - "No evidence of carcinogenicity was 
found in mice or rats."

• US EPA (2012) - "No evidence of carcinogenicity was 
found in mice or rats."

• European Commission (2002) -  "No evidence of 
carcinogenicity."

• US EPA (1993a, 1993b) - 'The Agency has classified gly
phosate as a Group E carcinogen (signifies evidence of 
non-carcinogenicity in humans)."

• Health and Welfare Canada (1991) -  "Health and Welfare 
Canada has reviewed the glyphosate toxicology data base, 
which is considered to be complete. The acute toxicity of 
glyphosate is very low. The submitted studies contain no 
evidence that glyphosate causes mutations, birth defects 
or cancer."

S c ie n t i f i c  b o d ie s

• JMPR (2016) -  "Glyphosate is not carcinogenic in rats, but 
could not exclude the possibility that it is carcinogenic in 
mice at very high doses."

• JMPR (2006) - "In view of the absence of a carcinogenic 
potential in animals and the lack of genotoxicity in stand
ard tests, the meeting concluded that glyphosate is 
unlikely to pose a carcinogenic risk to humans."

• WHO (1994) - The available studies do not Indicate that 
technical glyphosate Is mutagenic, carcinogenic or 
teratogenic."

• JMPR (1987) - The chronic toxicity of glyphosate is low ... 
There is no evidence of carcinogenicity."

In d e p e n d e n t  e x p e r ts

• Williams et al. (2000) -  "It was concluded that, under pre
sent and expected conditions of use, Roundup herbicide 
does not pose a health risk to humans."

• Greim et al. (2015) -  The re  was no evidence of a carcino
genic effect related to glyphosate treatment. The lack of a 
plausible mechanism, along with published epidemiology 
studies, which fail to demonstrate clear, statistically signifi
cant, unbiased and non-confounded associations between 
glyphosate and cancer of any single etiology, and a com
pelling weight of evidence, support the conclusion that 
glyphosate does not present concern with respect to car
cinogenic potential in humans."

Conclusions
After review of all available glyphosate carcinogenicity data, 
the panel concluded:

i. The rare renal tubule tumors in one male (CD-I) mouse 
study were not associated with glyphosate exposure, 
because they lacked statistical significance, strength, 
consistency, specificity, dose-response patterns, plausibil
ity, and coherence.

ii. In a different mouse (CD-1) study, there was a lack of 
association of exposure to glyphosate and a statistically 
significant positive trend for the incidence of liver 
hemangiosarcoma (a common tumor) because the find
ings were inconsistent, there was no dose-response 
effect, and the incidences were within the historical con
trol range.

iil. The strength of association of pancreatic islet-cell adeno
mas (a common tumor) to glyphosate exposure In two 
studies of male SD rats was absent. There was a lack of 
a dose-response pattern (the highest incidence is In the 
low dose followed by the high dose), plausibility and 
absence of pre-neoplastic effects and progression to 
Islet-cell carcinomas.

iv. In one of two studies, a significant positive trend in the 
Incidence of hepatocellular adenomas (a common 
tumor) in male SD rats did not occur, and no progres
sion to carcinomas was evident and no glyphosate-asso- 
ciated pre-neoplastic lesions were present.

v. In one of two studies, the significant positive trend in 
the incidence of thyroid C-cell adenomas in female SD 
rats was not evident. The adenomas were only slightly 
increased in mid and high doses, within the historical 
ranges. Also, there was no progression to carcinomas.

Application of criteria for causality considerations to the 
above mentioned tumor types and given the overall WoE, 
the expert panel concluded that glyphosate is not a carcino
gen in laboratory animals.
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ABSTRACT
In 2015, the International Agency for Research on Cancer (IARC) published a monograph concluding there 
was strong evidence for genotoxicity of glyphosate and glyphosate formulations and moderate evidence 
for genotoxicity of the metabolite aminomethylphosphonic acid (AMPA). These conclusions contradicted 
earlier extensive reviews supporting the lack of genotoxicity of glyphosate and glyphosate formulations. 
The IARC Monograph concluded there was strong evidence of induction of oxidative stress by glypho
sate, glyphosate formulations, and AMPA. The Expert Panel reviewed the genotoxicity and oxidative 
stress data considered in the IARC Monograph, together with other available data not considered by 
iARC. The Expert Panel defined and used a weight of evidence (WoE) approach that included ranking of 
studies and endpoints by the strength of their linkage to events associated with carcinogenic mecha
nisms. Importantly, the Expert Panel concluded that there was sufficient information available from a very 
large number of regulatory genotoxicity studies that should have been considered by IARC. The WoE 
approach, the inclusion of all relevant regulatory studies, and some differences in interpretation of indi
vidual studies led to significantly different conclusions by the Expert Panel compared with the IARC 
Monograph. The Expert Panel concluded that glyphosate, glyphosate formulations, and AMPA do not 
pose a genotoxic hazard and the data do not support the IARC Monograph genotoxicity evaluation. With 
respect to carcinogenicity classification and mechanism, the Expert Panel concluded that evidence relat
ing to an oxidative stress mechanism of carcinogenicity was largely unconvincing and that the data pro
files were not consistent with the characteristics of genotoxic carcinogens.
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Executive summary
Overall, extensive reviews of the genotoxicity of glyphosate, 
aminomethylphosphonic acid (AMPA) and glyphosate based 
formulations (GBFs) that were available prior to the develop
ment of the International Agency for Research on Cancer 
(IARC) Glyphosate Monograph all support a conclusion that 
glyphosate (and related materials) is inherently not genotoxic. 
Further, evidence indicative of an oxidative stress mechanism 
of carcinogenicity is largely unconvincing. The Expert Panel 
concluded that there is no new, valid evidence presented in 
the IARC Monograph that would provide a basis for altering 
these conclusions.

The differences between the conclusions of the IARC 
review and the Expert Panel review were in large part due to 
IARC exclusion of numerous available studies and in some 
cases differences in interpretation of study results reported in 
the IARC Monograph. Another significant source of difference 
was the Expert Panel's weighting of different studies and 
endpoints by the strength of their linkage to mutagenic 
events associated with carcinogenic mechanisms. The Expert 
Panel concluded that without critically evaluating all available 
data, it is not possible to make an accurate weight of evi
dence (WoE) assessment.

The IARC review process does not allow for use of data 
from reports that are not published or accepted for publica
tion in the open scientific literature or data from govern
ment reports that are not publicly available. However, 
detailed primary data were extracted and published in 
reviews such as Kier and Kirkland (2013), although the study 
reports themselves are unpublished. The Expert Panel con
cluded that these data along with regulatory studies of 
GBFs and AMPA summarized in Williams et al. (2000) should 
have been considered by IARC, and should be considered 
by all stakeholders going forward in evaluating the genetic 
toxicology of glyphosate and GBFs. A critical review of the 
complete dataset by the Expert Panel supports a conclusion 
that glyphosate (including GBFs and AMPA) does not pose a 
genotoxic hazard and therefore, should not be considered 
support for the classification of glyphosate as a genotoxic 
carcinogen.

Introduction
In 2015, IARC published the Glyphosate Monograph of 
Volume 112 (IARC 2015) which concluded that there was 
strong evidence supporting that "glyphosate can operate 
through two key characteristics of known human 
carcinogens" including genotoxicity and induction of oxida
tive stress. This was viewed as providing strong support for

IARC classifying glyphosate as probably carcinogenic to 
humans, Group 2A. A number of published and regulatory 
approval reviews of the carcinogenic and genotoxic potential 
of glyphosate, AMPA and GBFs were available prior to the 
development of the IARC Monograph (Health and Welfare 
Canada 1991; US EPA 1993; WHO 1994; Williams et al. 2000; 
European Commission 2002; Kier & Kirkland 2013; US EPA 
2013). The consensus among these reviews was that proper 
use of glyphosate and GBFs does not pose a genotoxic or 
carcinogenic hazard/risk with hazard indicating potential for 
adverse effects and risk indicating potential for adverse 
effects under actual conditions and amounts of exposure. As 
a result, glyphosate based herbicides have been approved for 
use in over 160 countries. The recent IARC conclusion was 
therefore inconsistent with these other reviews. 
Consequently, the Monsanto Company commissioned 
Intertek Scientific & Regulatory Consultancy to assemble a 
panel of experts to conduct a thorough review in the four 
areas considered by IARC including mechanistic data (focused 
on genotoxicity and oxidative stress). This review section 
reports the views of the Expert Panel of genetic toxicologists 
on the genotoxicity of glyphosate, GBFs and AMPA and dis
cusses how they relate to the IARC opinions. The views and 
conclusions represent those of the Expert Panel of genetic 
toxicologists as independent scientific consultants and neither 
employees of the Monsanto Company nor attorneys reviewed 
this manuscript prior to submission.

Proper methods to accurately evaluate and 
interpret complex sets of genetic toxicology data
C h a ra c te r is t ic s  o f  g e n e t ic  to x ic o lo g y  te s ts  a n d  g e n e t ic  
te s t in g  d a ta  s e ts

Due to interest in understanding the potential to produce 
adverse effects, chemicals such as glyphosate, for which there 
is widespread human exposure, are typically subjected to 
extensive testing for genotoxic activity. The resultant data
base will contain studies that encompass diverse phylogen
etic boundaries, types of genetic alterations, and exposure 
methods. Some of the more common test methods are 
often represented by multiple entries in the database. Proper 
evaluation of such data sets requires an approach that is 
both systematic and critical.

In large datasets, there are always likely to be some posi
tive responses that are described as "false" or "misleading" 
positives from the standpoint of predicting carcinogenicity or 
relevance to carcinogenic mechanism (Waters et al. 1988; 
Mendelsohn et al. 1992; Jackson et al. 1993). False or mislead
ing responses generally fall into one of three types:

1. Non-predictive - positive responses produced by 
non-carcinogenic agents. It is well documented that mis
leading positive responses are more frequent in certain 
genotoxicity tests (particularly in in vitro mammalian 
cells) due to their inherent lack of specificity (Kirkland 
et al. 2005; Pfuhler et al. 2011; Walmsley & Billinton 
2011) and artifacts resulting from in vitro treatment 
conditions (Halliwell 2003).

RM 000152



58 @  D. BRUS1CK ET AL.

2. Secondary response -  the positive response is not associ
ated with direct DNA-reactivity of the agent or metabo
lites of the agent but is a downstream or indirect 
consequence of high levels of cytotoxicity (Kirsch-Volders 
et al. 2003; Pratt & Barron 2003) or extreme treatment 
conditions such as high osmotic conditions or significant 
variations in pH (Scott et al. 1991). Such responses may 
not be relevant to in vivo prediction because they 
involve effects generated by exposures that exceed 
potential in vivo exposures.

3. Technical deficiencies -  positive responses may be pro
duced by inadequate study designs, mistakes made dur
ing the conduct of a test or inappropriate evaluation of 
data. This type includes cases where there is reason to 
question whether a positive experimental result has actu
ally been obtained.

An understanding of possible actions leading to false or 
misleading responses with respect to carcinogenicity predic
tion or carcinogenic mechanism must be incorporated 
into the design, conduct, evaluation, and interpretation of 
genotoxicity assays. As a consequence, new standard test 
guidelines for in vitro mammalian assays published by the 
Organization for Economic Cooperation and Development 2. 
(OECD) and other organizations indicate that treatment 
conditions must be monitored for maintenance of normal 
physiological parameters.

Therefore, it is expected that a chemical as heavily tested 
as glyphosate would exhibit some positive responses in its 
genotoxicity database that would be considered "misleading" 
and therefore not predictive of its true genotoxic or carcino
genic hazard/risk potential.

M e th o d s  a p p lic a b le  to  e v a lu a t io n  a n d  In te rp r e ta t io n  o f  
c o m p le x  d a ta  s e ts

The universally recommended method for evaluating the 
databases of the type associated with glyphosate (including 
GBFs and AMPA), involves the application of a WoE approach 
as discussed recently for genetic toxicology testing (US FDA 
2006; Dearfield et al. 2011). Many of the principles of the 
WoE analysis indicated here are consistent with and included 
in the very recently issued endpoint specific guidance docu
ment of the European Chemicals Agency (ECHA 2015).

While numerous attempts to develop a standard WoE 
method to evaluate large, complex data sets have not found 
universal acceptance, some critical performance requirements 
for WoE approaches have been identified by the US EPA 
(Suter & Cormier 2011). One of the most important require
ments is that individual test methods should be assigned a 
weight that is consistent with their contribution to the overall 
evidence, and different types of evidence or evidence catego
ries must be weighted before they are combined into a WoE.

The weight of a category of evidence used in the Expert 
Panel evaluation is based on four considerations:

1. Different categories of evidence (i.e. assay types) 
have different weights. Genotoxicity tests measuring 
mutations and chromosome damage have greater

weight than "indicator" assays that measure DNA dam
age. For example, for human pharmaceuticals, ICH S2 
(R1) (ICH 2011) states that "fixation of damage to DNA In 
the form of gene mutations, larger scale chromosomal 
damage or recombination is generally considered to be 
essential for heritable effects and in the multi-step pro
cess of malignancy". The following comments are taken 
from the "Overview of the Set of OECD Genetic 
Toxicology Test Guidelines and Updates Performed In 
2014-2015" (OECD 2015): “There are tests that detect pri
mary DNA damage (i.e. the first in the chain of events 
leading to a mutation), but not the consequences of this 
genetic damage. The endpoint measured in these tests 
does not always lead to a mutation, a change that can be 
passed on to subsequent generations (of cells or organ
isms). The DNA damage measured in the comet assay, or 
the unscheduled DNA synthesis (UDS) test, may lead to cell 
death, or it may initiate DNA repair, which can return the 
DNA either to its original state or result in mutation. When 
evaluating the mutagenic potential of a test chemical, 
more weight should be given to the measurement of per
manent DNA changes (i.e. mutations) than to DNA damage 
events that are reversible."
The aggregate strength (robustness of protocols and 
reproducibility) and quality of evidence in the cat
egory also influence the weight. It is generally 
acknowledged that studies conducted in compliance 
with Good Laboratory Practice (GLP) Regulations and 
studies conducted according to OECD guidelines have 
greater weight than studies lacking these attributes. 
These are fundamental features of the Klimisch scoring 
system, which is widely used to assess the reliability of 
study data, particularly for regulatory purposes (Klimisch 
et al. 1997).

3. The number of pieces of evidence within a category 
influences the weight. A single (or few) divergent 
responses (positive or negative) within a majority of 
studies exhibiting concordant findings would be insuffi
cient to alter the direction and strength of the WoE. This 
component of the overall WoE is an aggregate of the 
weights of all the pieces of evidence within a single test 
category (e.g. tests for gene mutation).

4. Tests with greater ability to extrapolate results to 
humans carry greater weight. Test responses able to 
more accurately predict potential hazard In humans, 
such as in vivo tests, will generally be weighted more 
heavily than evidence developed from tests conducted in 
vitro or in non-mammalian models.

H u m a n  v e r s u s  n o n -h u m a n  te s t  re su lts

Using a variety of different methods, genotoxicity test data 
can be derived from human populations exposed under typ
ical use conditions. Human population monitoring studies, if 
performed with sufficient sample sizes, knowledge of expos
ure levels and adjusted appropriately for confounding varia
bles, can offer highly relevant information. Poorly controlled 
human biomonitoring studies, however, can lead to errone
ous conclusions (Schmid & Speit 2007; Dusinska & Collins
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2008). Adjustments that need to be considered in human bio
monitoring studies for genotoxicity must extend beyond age, 
gender, smoking, alcohol, tobacco use, and medicines used. 
Diet, disease status (e.g. presence of inflammatory diseases), 
seasonal variation, and physical stress are all important con
founding factors that influence an individual's background 
level for any parameter under consideration (Moller 2005; 
Battershill et al. 2008; Bonassi et al. 2011; Fenech et al. 2011; 
Tenorio et al. 2013; Collins et al. 2014). There is evidence that 
different factors may have different Impact depending on the 
specific genotoxic endpoints (e.g. Fenech et al. 2011 for the 
cytokinesis block MN endpoint; Collins et al. 2014 for the 
comet endpoint).

It Is worth noting that there is currently considerable 
debate concerning the relevance of increased levels of micro
nuclei in human biomonitoring studies. Speit (2013) sug
gested that micronuclei induced In the cytochalasin B 
micronucleus assay used in human biomonitoring studies, do 
not represent micronuclei that were induced during expos
ure, but rather represent DNA damage that generates micro
nuclei during the in vitro culturing required for the assay. As 
such, this bioassay could be classified as an "indicator test" of 
DNA damage with lower relevance for genotoxic risk. Kirsch- 
Volders et al. (2014), however, considered gaps in the know
ledge regarding the source of micronuclei observed in human 
biomonitoring studies, but considers the assay, especially 
with modifications, to have utility for human genotoxic haz- 
ard/risk measurements. For the purposes of this review, the 
Expert Panel adopted a conservative approach and the meas
urement of micronuclei detected in studies of exposed 
humans was assigned a high weight.

It is also possible to conduct genetic tests using human 
derived cell lines or in primary lymphocyte cultures. With 
respect to results from cell lines of different origin, the bene
fits of using human rather than rodent derived cell lines are 
not as compelling as one might presume. Cell lines (human 
or rodent origin) with mutations affecting how cells handle 
initial DNA damage (e.g. p53 mutations) are typically more 
susceptible to genetic damage. Consequently, human cell 
lines with altered responsiveness to DNA damaging mecha
nisms may be expected to generate results not dissimilar 
to those produced in rodent cell lines. At this time there are 
not enough data available to reliably determine if the use 
of p53-competent cell lines of human origin (as opposed 
to p53-competent rodent derived lines) or other human 
cells confer greater accuracy (Walmsley & Billlnton 2011; 
Fowler et al. 2014).

The most current OECD in vitro mammalian cell chromo
somal aberration and micronucleus test guidelines indicate 
that either human or rodent cell lines or primary cultures 
may be used (OECD 2014a, 2014d). These guidelines also 
state that: "At the present time, the available data do not allow 
firm recommendations to be made but suggest it is important, 
when evaluating chemical hazards to consider the p53 status, 
genetic (karyotype) stability, DNA repair capacity and origin 
(rodent versus human) of the cells chosen for testing."

Thus, any in vitro mammalian cell results should be inter
preted with caution, and the weight they contribute to an

overall assessment of genotoxic activity should take account 
of the potential limitations.

A summary of assumptions, results, and conclusions 
regarding the IARC genotoxicity evaluation of 
glyphosate, GBFs, and AMPA
The Expert Panel used the considerations discussed above 
when assigning weights to genotoxicity endpoints and to the 
responses present in the glyphosate (and related materials) 
dataset. The results of this review indicate some areas of 
agreement with IARC, but also identified some major differen
ces between the conclusions of the two assessments.

A n  e v a lu a t io n  o f  IA R C  a n d  e x p e r t  p a n e l  
r e v ie w  p r o c e s s e s

The Expert Panel agreed that there was sufficient evidence to 
conclude that glyphosate and GBFs appeared to induce DNA 
strand breaks and possibly micronuclei in in vitro mammalian 
and non-mammalian systems and sister chromatid exchanges 
(SCEs) in in vitro mammalian systems. These results provide 
some evidence of genotoxicity, but It Is not possible to accur
ately characterize or classify genotoxic hazard/risk or carcino
genesis mechanisms based on these results alone, As noted 
earlier and further stated in the OECD overview comments 
(OECD 2015) regarding test weights, "When evaluating the 
mutagenic potential of a test chemical, more weight should be 
given to the measurement of permanent DNA changes (i.e. 
mutations) than to DNA damage events that are reversible." 
Consequently, positive responses in genotoxic endpoints 
identified above as "indicator tests" (i.e. DNA strand breaks, 
SCEs) are evidence of compound exposure but not sufficient 
to determine compound effect. In order to determine com
pound effect, consideration must be given to available evi
dence clearly demonstrating the induction of gene mutations 
or stable chromosomal alterations, particularly in vivo in 
mammalian systems.

E v id e n c e  w e ig h t in g

Weights assigned to individual assays represent the strength 
of evidence assigned to an endpoint or category and may be 
derived from validation studies supporting the endpoint's 
involvement in carcinogen prediction as well as its relevance 
to mechanisms involved with initiation of malignancy (ICH 
2011). In general human and in vivo mammalian systems 
have the highest test system weight, with a lower degree of 
weighting applied to in vitro mammalian cell systems and in 
vivo non-mammalian systems and lowest weight to in vitro 
non-mammalian systems (with the exception of the well vali
dated bacterial reverse mutation "Ames" tests using mamma
lian metabolic activation). Other considerations, such as 
response reproducibility or GLP compliance, may influence 
the weight of a particular study result. GLP compliance indi
cates a high degree of, and standard for, detailed documen
tation of experimental conditions and data.

Section 4.2.1 of the IARC Monograph does not provide suf
ficient information to its readers regarding the strategy
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employed by IARC reviewers in assessing the WoE; therefore, 
it is not possible to know if, for example, studies were 
assigned variable weights in accordance with the criteria dis
cussed above. While the Expert Panel agrees that data from a 
well conducted human population biomonitoring study 
might carry more weight in a WoE assessment, it appears 
that IARC considered in vitro studies in human cells as carry
ing more weight than rodent in vivo studies as evidenced by 
the order of discussion topics in Section 4.2.1, and the inclu
sion of a separate table for human in vitro studies. The overall 
IARC Monograph evaluation (Section 6.0) and rationale 
(Section 6.4) Indicate that the conclusion of strong evidence 
of genotoxicity Is based on "studies in humans in vitro and 
studies in experimental animals.'' As discussed above, the 
Expert Panel evaluation considered in vitro studies using cells 
of human origin to be weighted as equivalent to any other in 
vitro mammalian cell assay using the same endpoint.

There did not, however, appear to be additional weight 
assigned by IARC to other criteria such as relevance of the 
endpoint to neoplastic initiation, quality of study perform
ance, in vitro versus in vivo or reproducibility of responses.

Table 1 summarizes the Expert Panel's endpoint weighting 
assumptions. Weights represent strength, relevance and 
reliability of evidence and are based on a compilation of 
information regarding the endpoint's reversibility and suscep
tibility to false or misleading positive responses with respect 
to carcinogenicity prediction or relevance to mechanisms 
involved in Initiation of malignancy (Solomon et al. 1991; 
Pierotti et al. 2003; Petkov et al. 2015).

The endpoint and test system weighting categories are 
defined as follows:

• Negligible weight - the endpoint is not linked to any 
adverse effect relevant to genetic or carcinogenic hazard/ 
risk and as such is not given weight as evidence of 
genotoxicity.
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• Low weight - the end point is indicative of primary DNA 
damage, is not unequivocally linked to mechanisms of 
tumorigenicity, and the test system has low specificity.

• Moderate weight -  the endpoint is potentially relevant to 
tumorigenicity or may be subject to secondary, threshold- 
dependent mechanisms of induction (e.g. cytotoxic clasto- 
gens, aneugens) or the test system exhibits a high rate of 
misleading positives with respect to carcinogenicity predic- 
tivity or carcinogenic mechanism.

• High weight - the endpoint is one that has been demon
strated with a high level of confidence to play a critical 
role in the process of tumorigenicity.

C h e m ic a l s t ru c tu re  a n d  c h e m is t r y  o f  C B F s

Chemical structures of glyphosate and AMPA are presented 
in Figure 1. IARC did not consider the chemical structure of 
glyphosate in its mechanistic section; however, IARC 
Monograph Section 5.3 states that glyphosate is not electro
philic. Many guidelines recommend that the presence of 
structural alerts be considered in evaluation of or testing for 
genotoxicity (Cimino 2006; Eastmond et al. 2009; EFSA 2011; 
ICH 2011). As reported in Kier and Kirkland (2013) analysis of 
the glyphosate structure by DEREK software identified no 
structural alerts for chromosomal damage, genotoxicity, 
mutagenicity, or carcinogenicity. Analysis of structural alerts 
for genotoxicity inherently includes consideration of potential

o
II

OH

(AMPA)
Figure 1. Chemical structures of glyphosate and AMPA. Glyphosate: N-(phos- 
phonomethyl)glycine, add form, CAS 1071-83-6; AMPA: aminomethylphosphonlc 
add; CAS 1066-51-9.

HO
-  , 

c h 2 c h 2

(Glyphosate)

" y  OH 
OH

Table 1. Expert Panel's evidence weighting assumptions for mammalian (plus selected microbial test) endpoints.
Endpoint* Negligible weight Low weight Moderate weight High weight
DNA binding (adduct formation) in  v itro

¡ ÎÊ Ê Ê t f
DNA binding (adduct formation) in  v iv o

SSB/DSB in  v itro  ( in c lu d in g  c o m e t) L
SSB/DSB in  v iv o  ( in c lu d in g  c o m e t)

SCEs in v itro

SCEs in  v ivo

Oxidative DNA
Damage in  v itro

Oxidative DNA
Damage in  v iv o  (detection of 8-OHdG adducts)
DNA repair effects in  v itro

DNA repair effects in  v iv o

Micronuclei in  v it ro

Micronuclei in  v iv o

Chromosomal aberrations in  v it ro

Chromosomal aberrations in  v iv o

Gene mutation in bacteria {Ames Test)
Gene mutation mammalian in  v itro

Gene mutation in  v ivo

^Shaded box indicates weight for the endpoint. SSB: single strand breaks; DSB: double strand breaks; SCE: sister chromatid exchange.
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metabolites. Although formal analysis is not available, it does 
not appear likely that the metabolite AMPA (glyphosate with
out a carboxymethyl group) has structural alerts. While struc
tural alerts are not as definitive as experimental data, they 
serve as part of a WoE (Dearfield et al. 2011). The lack of 
structural alerts in the glyphosate molecular structure sug
gests lack of genotoxicity or that genotoxic effects might well 
be secondary to toxicity or resulting from mechanisms other 
than DNA-reactivlty.

Another aspect of chemistry that should be recognized Is 
the fact that GBFs, while containing glyphosate (often present 
as a sodium or potassium salt) also contain other compo
nents which frequently include surfactants, Specific formula
tions differ In composition and differences may exist between 
GBFs identified with a common brand name. Frequently, 
GBFs are observed to have greater toxicides than glyphosate. 
Evaluation of genotoxicity results for glyphosate and GBFs 
should always consider the possibility that effects observed 
with GBFs may be due to GBF components other than gly
phosate and that there may be chemical differences between 
various GBFs.

T h e  ca se  fo r  in c lu d in g  o th e r  p u b l is h e d  r e s u lt s  in  th e  
IA R C  g e n o to x ic ity  e v a lu a t io n

Although IARC policies and Working Group decisions 
excluded consideration of additional data from unpublished 
studies or publicly unavailable governmental reports, it was 
the Expert Panel's conclusion that the genetic toxicology 
studies published in reviews such as Kier and Kirkland (2013), 
in particular the supplementary primary data submitted with 
the paper, should have been considered by IARC in evaluat
ing the genetic toxicology of glyphosate and GBFs. Though 
the primary study reports from which the data were extracted 
were not available to IARC, detailed data were provided in 
the Kier and Kirkland (2013) review and exceed the weight of 
data in most published reports that were considered by IARC. 
Regulatory studies of GBFs and AMPA summarized in 
Williams et al. (2000) should also have been considered and 
information on these studies is presented in Appendices A 
and B.

Inclusion of the studies in these publications would have 
filled data gaps, supplemented study categories for which 
there were limited numbers of test responses and would 
have added a very high level of confirmation to other core 
assay results. Table 2 summarizes an additional 90 studies

covering a range of test categories that were available for 
review if the regulatory studies in the Kier and Kirkland 
(2013) publication and other published or publicly available 
studies had been included, Among the 90 studies not 
included In the IARC Monograph, only nine were reported as 
positive. Inclusion of these studies in a WoE produces a much 
clearer, more reliable and balanced assessment of the geno
toxicity of glyphosate, GBFs and AMPA.

The rationale supporting the inclusion of these 90 add
itional studies is that the supplementary tables presented In 
the Kier and Kirkland (2013) paper, and presented in 
Supplemental Information, Appendix A of this publication, do 
contain sufficient detail concerning the robustness of the 
studies. For the regulatory studies, which were the key stud
ies not reviewed by IARC, the Kier and Kirkland (2013) paper 
clearly states:

Each stud y exam ined w as stated to have been conducted  in 
accordance  w ith  GLP standards w ith alm ost all stud ies citing the 
O ECD Princip les of Good Laboratory Practice (OECD GLP 1982, 
1997). Reports also cited com pliance w ith  various national and 
regional GLP Gu ide lines (e.g European Com m ission G LP  Directives 
87 /18/EEC or 88/320/EEC ; U.S, Environm ental P rotection Agency 
G LP  Standards, 40 CFR Part 160; Japanese M in istry o f Agricu lture , 
Forestry , and Fisheries (M AFF) GLP Standards, 11 Nousan No. 
6283). Variations from G LPs w ere considered no t to have 
s ig n ifican tly  im pacted the study results.

A lm o st all o f the studies w e re  reported to have been conducted 
in accordance w ith  the re levant OECD test gu ide lines applicable 
at the tim e o f the study. Study reports w ere exam ined  to 
d eterm ine  that the protocols and experim ental m ethods for the 
report w e re  consistent w ith  the OECD gu ide lines and any 
d ev iations w ere noted and considered. Report data were 
exam ined  to confirm  the conclusion o f the report regarding 
w h eth e r treatm ent-re lated  activity had been observed.

Thus, the methods used were generally as specified in 
OECD guidelines, or any deviations were noted. Moreover, 
the studies were performed under GLP conditions, which 
would ensure protocol compliance and high quality data. The 
key aspects of each test method were detailed in the first 
few pages of the supplementary material In Kier and Kirkland 
(2013) so it is easy to see how top concentrations were 
chosen, what measures of cytotoxicity were used, how many 
cells were scored etc. Links to the guidelines were provided.

The rationale given by IARC for not including the regula
tory studies in Kier and Kirkland (2013) was that the primary 
study reports were not available, and that the information 
provided in the supplementary tables was insufficient regard
ing topics such as details of statistical methods, choice of

Table 2. Summary of test categories, number of studies, and study responses available from Kier and Kirkland (2013) and other publically available studies not 
included in the IARC Monograph (details for all studies provided in Supplemental Information, Appendix A).
Test category Endpoint Glyphosate (Pos/Neg) GBFs (Pos/Neg) AMPA (Pos/Neg) Total (Pos/Neg)
Non-mammalian (Bacterial Reverse Mutation) Gene mutation 0/19 0/20 0/1 0/40
Mammalian in Vitro Gene mutation 0/2 ND ND 0/2

Chromosomal aberrations 1/5 1/0 ND 2/5
Micronucleus 2/0* 1/0 ND 3/0
UDS 0/1 ND 0/1 0/2
SCE ND 1/0 ND 1/0

Mammalian In Vivo Chromosomal aberrations 0/1 2/0* ND 2/1
Micronucleus 0/13* 0/17 0/1 0/31
SCE ND 1/0 ND 1/0

Total 3/41 6/37 0/3 9/81
‘ Inconclusive studies not included in count; AMPA aminomethylphosphonic acid; GBFs: glyphosate based formulations; ND: not done.
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highest dose tested, and verification of the target tissue 
exposure.

This rationale for exclusion is unjustified for the following 
reasons.

For bacterial reverse mutation assays the concentrations 
tested were detailed in every table, as were critical aspects of 
the methods (e.g. plate incorporation or pre-incubation for 
the Ames tests, inducing agent for the S9 and its final con
centration, and number of replicate cultures). Thus, it is clear 
what top concentrations were used, whether they complied 
with the maximum concentration/dose as recommended in 
OECD guidelines, or whether they were defined by toxicity.

Almost all of the many Ames tests on glyphosate used a 
top concentration of the maximum required, 5000 pg/plate 
unless contraindicated by toxicity. All of the required strains, 
including either TAT02 or Escherichia coii, have been used in 
the regulatory studies included in Kier and Kirkland (2013). 
The Ames tests on GBFs used quite variable top concentra
tions. Some went as high as the maximum required (5000 pg/ 
plate) but others only reached < T00 pig/plate, seemingly lim
ited by toxicity. Since we know glyphosate per se is not very 
toxic in the bacterial tests, the toxicity is presumably caused 
by the other components of the formulations, which were 
more toxic in some GBFs than in others.

The mammalian cell assays on glyphosate generally 
reached top concentrations in the range 500-5000 pg/mL, 
even when prolonged (48 h) treatments were performed in 
the chromosomal aberration studies, Thus, many of these 
studies exceeded 10mM (1690pg/mL for glyphosate), the top 
concentration currently recommended in OECD guidelines for 
nontoxic substances. There were no regulatory mammalian 
cell tests on GBFs.

All except one of the regulatory in vivo micronucleus (MN) 
tests on glyphosate that used oral dosing achieved a top 
dose of at least 2000mg/kg, which is the top dose for a non
toxic substance recommended in OECD guidelines. One oral 
study achieved a top dose of only 30mg/kg, seemingly 
because severe toxicity and lethality was seen at higher 
doses. It is unclear why such lethal effects were seen in this 
study when much higher doses were tolerated in other stud
ies using the same acute dosing regimen. Several studies 
using intraperitoneal (i.p.) injection had lower top doses 
because of greater toxicity when using the intraperitoneal 
route. Thus, all of the regulatory MN studies on glyphosate 
met or exceeded the required top dose.

The in vivo bone marrow MN and chromosomal aberration 
regulatory studies of Kier and Kirkland (2013) generally did 
not report evidence of target organ toxicity (e.g. %PCE, which 
would be a measure of bone marrow toxicity) or include 
analyses to demonstrate presence of glyphosate in plasma. 
Therefore, the issue of whether the bone marrow was 
exposed needs verification by evidence other than target 
organ toxicity.

The IARC Monograph states that about 1/3 of glyphosate 
administered orally to rodents is absorbed and excreted, 
largely unchanged, in urine. This provides evidence that it is 
likely that the bone marrow, a well-perfused tissue, is 
exposed to glyphosate in rodents treated orally. Definitive 
evidence of absorption and systemic distribution of

glyphosate in rodents is also contained in a summary of 
regulatory toxicokinetic studies (JMPR 2006). These studies 
demonstrated absorption of glyphosate and systemic distri
bution, including distribution in bone marrow, in rats dosed 
intraperitoneally or orally. Published reports have also indi
cated absorption and systemic distribution of glyphosate 
administered by the intravenous (i.v.) or oral route in rats 
(Brewster et al. 1991; Anadon et al. 2009) and by the oral 
(dietary) route in mice (Chan & Mahler 1992). Thus, in the 
regulatory rodent in vivo MN and chromosomal aberration 
tests, target organ exposure would have been achieved.

If statistical analysis was performed (not commonly per
formed or required for Ames tests) this is given as a footnote 
to the supplementary tables (Kier & Kirkland 2013, supple
mentary tables; Appendix B, this report), together with the 
statistical method used, and whether the results were 
significant.

Thus, in view of the Expert Panel, the exclusion of these 
studies was not justified. Failure to evaluate and consider the 
large number of results included in the publication by Kier 
and Kirkland (2013) as well as other publicly available studies 
not reviewed by IARC, resulted in an inaccurate assessment 
of glyphosate, GBFs and AMPA's genotoxic hazard/risk 
potential.

Expert panel's critique of selected studies: impact 
on IARC evaluation
Genetic toxicology tests relied upon by most regulatory 
bodies to support decisions focus on a set of core endpoints 
that are known to be involved either in direct activation of 
genes responsible for neoplastic initiation in somatic cells or 
alteration of the genetic information in germ cells (EF5A 
2011; ICH 2011; Kirkland et al. 2011). Therefore, the endpoints 
given the greatest weight in Table 1 include gene mutation 
and chromosomal aberrations.

MN formation in vivo was also assigned a high weight 
(Table 1), as it is considered an indication of chromosome 
breakage but could also result from aneuploidy (Kirsch- 
Volders et al. 2003). However, aneugenic effects are usually 
thresholded (Parry et al. 1994). For instance, MN may be 
induced by alterations in normal mitosis produced by various 
kinases. It was demonstrated that GBFs activate mitotic kinase 
CDK-1 (Marc et al. 2002) which could possibly play a role in 
MN induction through a separate mechanism believed to be 
threshold based (Terasawa et al. 2014). Although a thresh
olded mechanism may be considered of less weight than a 
non-thresholded mechanism, most in vivo MN studies did not 
investigate this. In the absence of information on clastogenic 
or aneugenic mode of action, the panel considered that a 
high weight should be applied to all in vivo MN studies.

H u m a n  g e n o to x ic it y  b io m o n ito r in g  s tu d ie s

The results provided for GBFs in Table 4.1 (human studies) of 
the IARC Monograph concluded positive evidence of DNA 
breakage as determined by results in humans using the 
comet assay Paz-y-Mino et al. (2007), negative induction of
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chromosomal aberrations (Paz-y-Miho et al. 2011), and posi
tive induction of MN (Bolognesi et al. 2009). Due to the 
importance of these studies in the IARC review, these papers 
were critically reviewed by the Expert Panel as described in 
detail below.

Paz-y-Mino et al. (2007) reported increased DNA damage 
(comet assay) in individuals recently exposed to GBF spraying, 
but only "suggested" this implied a genotoxic risk. The comet 
assay, as discussed earlier is an “indicator" endpoint and pri
mary DNA damage does not accumulate, so the consequen
ces of the observed DNA breaks remain unknown (Faust 
et al. 2004).

The Expert Panel review of this study identified a number 
of issues that questioned the validity of the interpretation of 
results. For example, it is not clear which blood cells were 
scored for comets, or If it was all cells in the blood. Also, the 
observation of a median comet tail length of exactly 25.0 pm 
for 20/21 unexposed control individuals in this publication 
questions the quality of data collection. This unusual observa
tion was not noted in the IARC Monograph. The Paz-y-Miho 
et al. (2007) publication indicated that signs of clinical toxicity 
were reported in the population and that the GBF application 
rate was reported to be some 20 times higher than recom
mended. The clinical signs were consistent with acute intoxi
cation associated with severe exposures (Menkes et al. 1991) 
and these factors suggest that comet effects might have 
been secondary to toxicity from very high exposure to GBF. 
The Paz-y-Miho et al. (2007) report seems to qualify the con
clusiveness of the results by indicating that the results "sug
gest" a genotoxic effect. Due to uncertainties regarding the 
negative control data, and particularly because of uncertain
ties regarding the mechanistic role of cytotoxicity in generat
ing the effects the Panel regarded this study as inconclusive 
evidence for in vivo human genotoxic effects relevant to 
induction of mutations or carcinogenesis.

In a follow-up study, Paz-y-Miho et al. (2011) reported 
negative results for induction of chromosomal changes In 
individuals from areas where GBF spraying had occurred two 
years previously. The absence of chromosomal aberrations 
supports the presumption that the DNA strand breaks identi
fied in the Paz-y-Miho et al. (2007) study were either repaired 
or lethal and did not persist as lesions which could be 
expressed as chromosomal aberrations in cultured lympho
cytes in the follow-up study.

Bolognesi et al. (2009) reported a significant but small, 
transient and inconsistent effect of glyphosate spraying on 
MN induction in individuals living in areas where aerial spray 
application of glyphosate occurred (Figure 1 in Bolognesi 
et al. 2009), but concluded that any risk was "low". Of greater 
importance however, is the observation that no statistically 
significant increase in the frequency of micronucleated 
binucleated cells (BNMN) was observed in individuals that 
actually reported direct exposure to the spray compared to 
individuals who lived in the spray area but were not present 
during spraying (Bolognesi et al. 2009, Table 4). These results 
are shown graphically in Figure 2 (graph provided by K. 
Solomon). As indicated in Table 4 of Bolognesi et al. (2009), 
statistical analysis did not indicate a significant difference 
(p < .05, ANO\/A) in post-spray BNMN frequency between

Micronuclei in individuals with Self-Reported 
Exposures to th e  G lyp ho sa te  Spray

No exposure Spray tn an S p raye r E ntered sprayed Any
s ik i field stpotueExposure scenario after spray

Figure 2. Mean frequency of binucleated cells with micronuclei (BNMN) in self
reported exposures to glyphosate spray in areas where aerial application 
occurred. From Bolognesi et al. (2009); Table 4. Data from Valle del Cauca not 
shown in graph since only one individual reported exposure. Graph provided by 
K. Solomon.

different categories of self-reported spray exposure and there 
was no statistically significant difference (p < .05) between no 
exposure and any self-reported spray exposure for any of the 
three regions. The Valle del Cauca region, which exhibited 
the highest post-spraying increase, only had 1/26 persons 
self-reporting spray exposure and the GBF spray application 
rate was substantially lower than the application rates in the 
other two regions.

Although results were temporally consistent with GBF 
spraying, the lack of significant correlation between increased 
post-spraying BNMN frequencies and self-reported spray 
exposure, and inconsistency with application rates, indicate 
that the MN effects observed in this study cannot be associ
ated with GBF exposure (Figure 2) and therefore the Expert 
Panel concluded the results to be negative. The panel agrees 
with the statement made in the discussion section of 
Bolognesi et al. (2009) that based on the Bradford Hill criteria 
(Hill 1965) it is not possible to assign causality to the BNMN 
increases observed in their study and notes that elsewhere in 
this publication the authors seemed to qualify their conclu
sions with terms like "suggest" and “potentially". Lack of clear 
evidence of causality indicates that it is inappropriate to con
clude that GBF induces MN in humans. The Bolognesi et al. 
(2009) results were considered negative by the Expert Panel 
because there were no statistically significant Increases in MN 
frequency associated with self-reported spray exposure. This 
conclusion is subject to the limitation of the use of self
reporting as a measure of exposure.

The Expert Panel conclusion for the Bolognesi et al. (2009) 
results seems to be quite different from the IARC Monograph. 
The qualifications about lack of consistency with exposure 
rates or statistically significant association with self-reported 
spray exposure are noted in the discussion of this study in 
IARC Monograph Section 4.2.1(a)(1). However, these qualifica
tions are not evident in IARC Monograph Section 5,4 which 
presents these results as positive without qualification. IARC 
Monograph Section 6.4 not only presents the results as
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positive without qualification but seems to give this study a 
high weight in arriving at their conclusion of a genotoxic 
mode of action.

Due to the deficiencies cited in the biomonitoring studies 
above, along with the lack of scientific consensus regarding 
the relevance of MN found in exposed humans, the Expert 
Panel concluded that there was little or no reliable evidence 
produced in these studies that would support a conclusion 
that GBFs, at levels experienced across a broad range of end
user exposures, poses any human genotoxic hazard/risk.

S tu d ie s  in  m a m m a lia n  in  v it ro  a n d  in  v iv o  a s sa y s

The number of studies conducted in mammalian models 
both in vitro and in vivo was relatively extensive but with 
some notable data deficiencies and gaps. However, looking 
for evidence consistent with a concern for genotoxic hazard 
finds little or no compelling support among test methods 
that assess relevant endpoints.

G e n e  m u ta t io n

IARC noted one negative in vitro mammalian gene mutation 
result for glyphosate (IARC Monograph Table 4.4). 
Additionally there are two negative results for glyphosate in 
the mouse lymphoma tk locus assay (Kier & Kirkland 2013). 
These provide a clear WoE that glyphosate does not 
induce gene mutation in mammalian cell systems. There are 
no in vitro mammalian cell gene mutation results for GBFs 
or AMPA.

C h ro m o so m a l e ffe c ts  in  v it ro

In in vitro mammalian cell chromosomal aberration assays 
(IARC Monograph Tables 4.2 and 4.4) glyphosate was 
reported positive in one study and negative in two other 
studies. Regulatory studies and published studies, not consid
ered by IARC, provide one additional positive result and five 
additional negative results (see Supplemental Information, 
Appendix A, Table 2 of this paper). One of the positive stud
ies (Lioi et al. 1998a) is not considered valid due to the fact 
that there was excessive cytotoxicity (>50% reductions in 
mitotic index at all concentrations tested, exceeding current 
regulatory guidelines for a valid assay). Several of the pub
lished studies did not include exogenous mammalian meta
bolic activation. Most importantly, the negative studies tested 
glyphosate at dose levels well in excess of those reported 
positive by Lioi et al. (1998a, 1998b) and included several 
human and bovine lymphocyte studies. In addition to the 
negative chromosomal aberration assays the two negative 
results in the mouse lymphoma tk locus assay also add 
weight to a conclusion that glyphosate is not clastogenic in 
in vitro mammalian cell assays. Overall these results provide 
sufficient evidence that glyphosate is not clastogenic in mam
malian cells when studied under appropriate in vitro treat
ment conditions.

No in vitro mammalian chromosomal aberration studies of 
GBFs and one positive in vitro mammalian chromosomal

aberration study with AMPA were reported by IARC. The lat
ter study by Sivikova and Dianovsky (2006), reported as a 
GBF study in IARC, is considered to be a study of a manufac
turing batch of an isopropyl salt of glyphosate from a 
Monsanto source (Kier & Kirkland 2013). An additional posi
tive in vitro mammalian chromosomal aberration study was 
not considered by IARC (Amer et al. 2006; see Supplemental 
Information, Appendix A, Table 2 of this paper). The positive 
GBF study tested an unusual GBF and employed very high 
dose levels. These single studies do not provide a strong 
WoE for induction of chromosomal aberrations for GBFs or 
AMPA in mammalian cells in vitro.

IARC reported two positive in vitro mammalian cell MN 
studies of glyphosate. However, another four positive or 
equivocal in vitro mammalian cell MN studies of glyphosate 
were identified in the literature that were not reported in 
IARC but were summarized in Kier and Kirkland (2013). 
Several of the studies had weak or inconsistent responses. 
Piesova (2004, 2005), not in IARC, reported statistically signifi
cant increases in MN in bovine lymphocytes only with 48-h 
incubation without S9 metabolic activation but the responses 
were not consistent between donors. Two papers by Mladinic 
et al. (2009a, 2009b) reported weak responses in human lym
phocytes at the highest dose tested in the presence of S9 
metabolic activation. MN results for Mladinic et al. (2009a) 
were not reported in IARC. One of these studies (Mladinic 
et al. 2009a) had a very high control MN frequency and in 
both publications it appears that cells were treated prior to 
mitogen stimulation which would mean cells would have 
been exposed in GO cell stage. This treatment regimen is not 
considered appropriate according to current test guidelines. 
The MN induced at high doses were predominantly centro
mere positive suggesting the possibility of an aneugenic 
effect. These responses were considered of limited quality by 
IARC and the publication authors indicated that the high 
dose effects might have been at a dose level exceeding a 
threshold and possibly associated with high toxicity. Koller 
et al. (2012), MN results not evaluated by IARC, reported posi
tive in vitro MN results in human-derived buccal epithelial 
cells for glyphosate in the absence of S9 metabolic activation. 
An unusual feature of this paper was indication of significant 
cytotoxicity at very low dose levels (20pg/mL) and with very 
short exposure times (20 min). Although the authors specu
lated their epithelial cells might be more sensitive than cells 
of the hematopoietic system such as lymphocytes, a large 
number of other studies using non-hematopoietic cells used 
much higher doses and longer exposure times. A study by 
Roustan et al. (2014) reported increases in MN frequency in 
CHO-K1 cells only in the presence of S9 activation. There 
was very little dose response observed over an order of 
magnitude of concentrations (10-100 pg/mL). Thus, although 
positive (or equivocally positive) responses were observed for 
glyphosate in several studies these responses were not con
sistent in terms of dose levels or requirement for an S9 meta
bolic activation system. The possibility of a threshold 
aneugenic effect in the presence of S9 metabolic activation 
might be suggested by the results of Mladinic et al. (2009a, 
2009b) but other studies cannot confirm this possibility 
because presence or absence of centromeres was not
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measured. It should be noted that there is a report that gly- 
phosate Is essentially unchanged by Incubation with rat liver 
homogenate which would indicate that S9 activation depend
ent responses might not be due to metabolites of glyphosate 
(Gohre et at. 1987).

Overall these studies provide only very limited evidence of 
the possibility of MN induction by glyphosate in in vitro 
mammalian cell assays and this observation, coupled with the 
negative profile for clastogenicity in in vitro mammalian cell 
assays, would suggest this low possibility is limited to aneu- 
genic effects that are iikely to be indirect and thresholded.

Although IARC reports one negative in vitro mammalian 
cell assay with a GBF (Sivikova & Dianovsky 2006), as noted 
above this assay is likely to have been performed with a tech
nical glyphosate preparation rather than a formulation. Koller 
et al. (2012) report a positive in vitro MN result for a GBF 
(result not included in IARC) in buccal epithelial cells derived 
from a human-neck metastatic tumor. The authors noted that 
these cells have not been used for genotoxicity assessments 
and the Expert Panel considered the results in this non-vali- 
dated system to be of unknown relevance. IARC reported one 
positive result for AMPA in an in vitro mammaiian cell MN 
assay in CHO-K1 cells (Roustan et al. 2014). An unusual fea
ture of the Roustan et al. (2014) study was that AMPA appar
ently exhibited much higher cytotoxicity than glyphosate. 
Although complete cytotoxicity data are not presented, the 
maximum AMPA concentrations evaluated for MN, appearing 
to produce less than 50% reduction in cytokinesis blocked 
proliferation Index, were 1000-fold lower than glyphosate 
concentrations in the absence of S9 metabolic activation, 20
fold lower in the presence of S9 metabolic activation and 
100,000-fold lower with light activation. These very large 
cytotoxicity differences are dramatically different from the 
relative toxicities of AMPA and glyphosate observed in other 
mammalian cell studies, e.g. Chaufan et al. (2014); Manas 
et al. (2009a, 2009b); Li et al. (2013); Kwiatkowska et al. 
(2014). These individual studies, particularly the Roustan et al. 
(2014) study, appear to exhibit technical problems and do 
not present a convincing WoE for in vitro mammalian cell MN 
effects of GBFs or AMPA.

C h ro m o so m a l e f fe c ts  in  v iv o

As a general point, it was noted earlier that there is adequate 
evidence available from toxicology studies demonstrating 
absorption and distribution of glyphosate to bone marrow in 
the rat (i.p., i.v., and oral routes) and absorption and distribu
tion of glyphosate in blood by the oral route in the mouse. 
This information provides evidence for target organ exposure 
in the rodent bone marrow studies discussed below, which is 
particularly important when negative results are obtained.

Table 4.3 in the IARC Monograph reported one negative in 
vivo rat bone marrow chromosomal aberration result and one 
negative mouse dominant lethal result for glyphosate. In add
ition there is one negative regulatory in vivo mouse bone 
marrow chromosomal aberration study of glyphosate not 
evaluated by IARC (Suresh 1994; see Supplemental 
Information, Appendix A, Table 3). These studies provide 
in vivo evidence complementing the larger number of in vitro

studies (discussed above) indicating glyphosate is not clasto- 
genic when tested in mammalian assays.

IARC reported two positive results and one negative result 
for glyphosate in in vivo MN assays. In one of the positive 
studies reported by IARC (Bolognesi et al. 1997), relatively 
low increases in MN frequency were observed which might 
well be within the historical range of many laboratories 
(Salamone & Mavournin 1994). The other positive study 
(Manas et al. 2009a) had an unusual feature in that it is 
reported that erythrocytes were scored for MN, but in the 
bone marrow and at an early sampling time. Historical con
trol data were not reported in the publication so the rele
vance of this result cannot be determined. By contrast, there 
are an additional 13 published, publicly available or regula
tory in vivo MN studies with glyphosate in the mouse (12 
studies) or rat (one study), all of which gave negative results 
(see Supplemental Information, Appendix A, Table 3 of this 
paper). These negative results were obtained in multiple stud
ies at dose levels that exceeded those at which positive 
results had been reported in the IARC reviewed studies men
tioned above using the same (i.p.) route of administration. 
With respect to a route of exposure, the negative MN results 
in a glyphosate mouse feeding study (Chan & Mahler 1992) 
that was not reported in IARC are of particular relevance to 
carcinogenic potential. The Expert Panel's conclusion is that 
there is a strong WoE that glyphosate does not induce MN in 
vivo in mammals.

IARC reported one positive and one negative rodent bone 
marrow chromosomal aberration study for GBFs. An add
itional two published positive rodent chromosomal aberration 
studies on GBFs were identified that were not reported in 
IARC. One mouse study with positive results (Prasad et al. 
2009) employed sampling times for a chromosomal aberra
tion assay quite different from those currently recommended 
(OECD 2014c). Moreover, the GBF was administered i.p. using 
dimethylsulfoxide (DMSO) as a vehicle and the use of this 
vehicle and route has unusual toxicity properties (Heydens 
et al. 2008). This assay was also unusual in that dose
responsive increases were observed at multiple sampling 
times, which is difficult to explain since cells damaged at 
early sampling times have usually died and disappeared from 
the bone marrow by later sampling times, Another positive 
publication (Amer et al. 2006), not reported in IARC, found 
positive chromosomal aberration results in mouse bone mar
row and spermatocytes with treatments that included 
repeated oral and i.p. dosing. The test material was reported 
to be a formulation containing 84% glyphosate which is very 
unusual and raises the possibility that observed effects were 
due to some unusual or unique component of this formula
tion. Another published positive GBF study (Helal & Moussa 
2005) uniquely involved rabbits exposed to GBF (750 ppm) in 
drinking water for 60 days. Using extended repeat dosing for 
a bone marrow chromosomal aberration assay is questionable 
because cells with chromosome breaks usually do not accu
mulate and any cytogenetic effects would likely be due to 
the final one or two doses. Total aberrations reported for this 
study included some nonstandard and questionable catego
ries such as gaps and centromerlc attenuations. Thus, most of 
the positive in vivo chromosomal aberration studies with
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GBF's are all subject to concerns regarding the reliability or 
biological relevance of the results. While they cannot be 
Ignored, they do not warrant undue weight, and do not sup
port a conclusion of strong evidence of genotoxicity.

IARC reported two positive and three negative in vivo 
rodent bone marrow IVIN results for GBFs. One of the two 
positive studies (Bolognesi et al. 1997) had low negative con
trol MN frequencies and the MN frequencies in treated 
groups were within historical control ranges for many labora
tories (Salamone & Mavournin 1994) although historical con
trol ranges for the laboratory were not reported in the 
publication. The other positive study (Prasad et al. 2009) was 
unusual in using DMSO as a vehicle by the i.p. route which, 
as noted above, may have led to unusual toxicity. However, 
there are an additional 17 rodent bone marrow studies with 
GBFs that were not considered by IARC, and all were negative 
(see Supplemental Information, Appendix A, Table 3 of this 
paper). The negative studies included use of both oral and 
i.p. routes and maximum dose levels frequently were limit 
doses of 2000mg/kg (OECD 2014b). The overwhelming 
majority of in vivo MN studies on GBFs, therefore, gave nega
tive results. In the studies reported positive, there are indica
tions that the results may not be biologically meaningful, or 
that artifacts may have resulted from use of DMSO as vehicle.

For AMPA, IARC reported one positive mouse bone mar
row MN study. There was one negative regulatory mouse 
bone marrow MN study of AMPA not reported in IARC. Both 
studies used the i.p, route. The positive study used a top 
dose of 200mg/kg administered on two occasions, 24 h apart. 
The negative study used a single top dose of lOOOmg/kg 
which produced signs of toxicity. There Is no obvious explan
ation for these conflicting results and the limited data do not 
allow reasonable WoE conclusions for AMPA in terms of the 
in vivo MN endpoint.

D N A  d a m a g e  in vitro
As noted above, the Expert Panel is in agreement with IARC 
reviewers that there are several in vitro mammalian cell studies 
of glyphosate which show DNA strand break effects (more 
specifically the alkaline single cell gel electrophoresis or comet 
endpoint). However, as also noted above, these studies should 
be assigned low weights compared to other more relevant 
endpoints in evaluating genotoxic risk, particularly when the 
results for relevant endpoints are more abundant. An assump
tion that the DNA damage observed in vitro might be second
ary to toxicity rather than leading to DNA-reactive or 
persistent genotoxicity is underscored by cases where the 
same publication reports DNA damage effects but not 
chromosomal alterations, e.g. Sivikova and Dianovsky (2006); 
Manas et al. (2009a); Mladinic et al. (2009a) without metabolic 
activation. Other publications reported both DNA damage and 
chromosomal effects, e.g. Lioi et al. (1998a); Koller et al. (2012).

For GBFs there are only two positive in vitro mammalian 
cell comet results reported by IARC. These provide limited 
evidence for GBF-induced DNA damage effects in vitro in 
mammalian cells.

There are a few positive in vitro mammalian cell SCE 
reports for glyphosate and GBFs reported in IARC. Since the

OECD guideline for the SCE test has recently been deleted 
because of a lack of understanding of the mechanism(s) 
detected by the test, the biological relevance of SCE is 
unclear, and these studies have not been further considered 
by the Expert Panel for a WoE evaluation.

One negative primary hepatocyte UDS result is reported 
by IARC for glyphosate, but there are also negative primary 
hepatocyte UDS results for glyphosate and AMPA (one each) 
not reported by IARC.

D N A d a m a g e /a d d u c ts  in vivo
One in vivo mammalian DNA damage and one in vivo mam
malian DNA adduct study of glyphosate were reported by 
IARC. No additional regulatory or published studies were 
identified. Results for 8-hydroxydeoxyguanosine (8-OHdG) 
measurements are considered in the oxidative stress section 
(Section IIIB).

Bolognesi et al. (1997) reported transient (4 h after dosing) 
increases in alkali-labile DNA strand breaks in liver and kid
neys of mice treated i.p. with glyphosate. Interpretation of 
the genotoxic significance of these observations is difficult 
because such effects might be due to arrest of cells in 
S-phase or secondary to cytotoxicity (Williams et al. 2000). 
Peluso et al. (1998) reported no induction of adducts in 
mouse liver or kidney detectable by 32P-postlabelling meth
odology after i.p. administration of glyphosate.

There Is one positive in vivo SCE report for a GBF by Amer 
et al. (2006) which was not evaluated by IARC. For reasons of 
relevancy noted above, this study has not been further con
sidered by the Expert Panel in a WoE evaluation.

One in vivo mammalian DNA damage and one in vivo 
mammalian DNA adduct studies of GBFs were reported by 
IARC. No additional regulatory or published studies were 
identified.

Bolognesi et al. (1997) reported transient (4h after dosing) 
increases in alkali-labile DNA strand breaks in liver and kid
neys of mice treated i.p. with a GBF. Similar conclusions 
about interpretation of these results apply as for the glypho
sate results by the same authors discussed above. Peluso 
et al. (1998) observed 32P-postlabelling adducts in liver and 
kidneys of mice dosed with a GBF. The source or identity of 
the adducts were not characterized although such adducts 
were not observed in studies with glyphosate in their 
publication.

No in vivo mammalian DNA damage studies of AMPA 
were reported in IARC or identified.

The paucity of data as well as the limited significance of 
the primary DNA damage endpoints on tumor initiation did 
not warrant that these observations should have a significant 
WoE impact.

W e ig h t o f  e v id e n c e  (W o E ) f o r  g e n o to x ic  e f fe c ts  in  
m a m m a lia n  s y s te m s

In summary, the WoE from in vitro and in vivo mammalian 
tests for genotoxicity indicates that:
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• Glyphosate does not induce gene mutations in vitro. There 
are no in vitro mammalian cell gene mutation data for 
GBFs or AMPA, and no gene mutation data in vivo.

• Glyphosate, GBFs, and AMPA are not clastogenic in vitro. 
Glyphosate Is also not clastogenic in vivo. Some positive in 
vivo chromosomal aberration studies with GBFs are all sub
ject to concerns regarding their reliability or biological 
relevance.

• There is limited evidence that glyphosate Induces MN in 
vitro. Although this could be a reflection of increased stat
istical power in the in vitro MN studies, the absence of 
clastogenic effects in a large majority of in vitro chromo
somal studies suggests the possibility of threshold-medi
ated aneugenic effects. However, there is strong evidence 
that glyphosate does not induce MN in vivo.

• Limited studies and potential technical problems do not 
present convincing evidence that GBFs or AMPA induce 
MN in vitro. The overwhelming majority of in vivo MN 
studies on GBFs gave negative results, but conflicting and 
limited data do not allow a conclusion on in vivo induction 
of MN by AMPA.

• There is evidence that glyphosate and GBFs can induce 
DNA strand breaks in vitro, but these might be secondary 
to toxicity since they did not lead to chromosome breaks. 
There is limited evidence of transient DNA strand breakage 
for glyphosate and GBFs in vivo, but for glyphosate at least 
these are not associated with DNA adducts. These results 
are assigned a lower weight than results from other more 
relevant endpoints, which were in any case more 
abundant.

• There Is evidence that glyphosate and AMPA do not 
induce UDS In cultured hepatocytes.

• Some reports of Induction of SCE in vitro by glyphosate 
and GBFs, and one positive report of SCE Induction in vivo 
by a GBF, do not contribute to the overall evaluation of 
genotoxlc potential since the mechanism of Induction and 
biological relevance of SCE are unclear.

S tu d ie s  in  n o n -m a m m a lia n  t e s t  s y s t e m s

With the exception of the bacterial reverse mutation test, glo
bal genotoxiclty testing guidelines such as those Issued by 
OECD (2015) and other regulatory bodies do not recommend 
routine use of non-mammalian assays. Recently, OECD guide
lines for two non-mammalian tests have been deleted 
because mammalian cell tests are considered more biologic
ally relevant, and non-mammalian tests (with the exception 
of the bacterial reverse mutation test) are rarely used for 
regulatory test batteries.

Table 4.6 in the IARC Monograph summarized results from 
two bacterial reverse mutation test publications. One publica
tion (Li & Long 1988) reviewed by IARC reported no muta
genic activity associated with glyphosate in a bacterial 
reverse mutation test but a publication by Rank et al. (1993) 
indicated a positive finding with a glyphosate formulation.

Rank et al. (1993) reported positive mutagenicity in TA98 
only without S9 and positive mutagenicity in TA100 only with 
S9. At the outset this combination of responses is problem
atic as it is an unlikely combination and suggests that either

one or both strain/S9 responses would be in error. The study 
data shown in Table 2 of the Rank et al. (1993) publication 
indicates that the positive responses reported for TA98 and 
TA100 were neither dose related nor were they reproduced 
in repeat data sets. The authors called the results Indicative 
of gene mutation capabilities for a GBF; however, the data 
should never have been accepted for publication without 
additional testing over a narrower range of doses and as they 
currently stand, do not meet commonly used criteria for 
declaring Ames test results positive. The data from this one 
publication are not in agreement with 19 bacterial reverse 
mutation assays of GBFs presented in Supplemental 
Information, Appendix A, Table 1 that were not included In 
the IARC Monograph. The Expert Panel considered the results 
of this study to be inconclusive.

A large number (20) of negative bacterial reverse mutation 
assays of GBFs are presented in Supplemental Information, 
Appendix A, Table 1. None of these were included in the 
IARC Monograph. There is also one negative regulatory study 
of AMPA.

In contrast to the two bacterial reverse studies considered 
in the IARC Monograph there are actually abundant data 
from 40 additional studies (Supplemental Information, 
Appendix A, Table 1) that glyphosate and GBFs are negative 
in the one genetic test for gene mutation considered overall 
to be the best non-mammalian predictor of mammalian 
carcinogenesis.

Publications In which glyphosate or GBFs have been 
tested for genotoxicity In a variety of non-mammalian species 
other than bacterial reverse mutation appear to be included 
in the IARC Monograph, with only a few regulatory or pub
lished studies not included. With the exception of two posi
tive and one negative chromosomal aberration assays in 
plants for glyphosate, chromosomal effect assay results have 
mainly been published for GBFs and showed predominantly 
positive results for MN In fish and amphibians.

A larger number of DNA damage comet assays In fish and 
other non-mammalian species in vitro are reported as exhibit
ing predominantly positive results for glyphosate. Larger 
numbers of positive comet results are available for GBFs in 
fish and amphibian/reptile studies. One positive fish comet 
study Is reported for AMPA.

Some general features of these non-mammalian tests 
should be noted. First, both major endpoints measured in the 
majority of non-mammalian tests (i.e. MN and comet) might 
well be secondary to toxic effects. Second, many of these 
tests involve exposure by immersion In or surface contact 
with the test material in water. This is certainly not a stand
ard or relevant route of exposure for in vivo mammalian sys
tems and may Introduce route-specific unique toxicity and 
genotoxic effects. This Is particularly a concern for GBFs 
which commonly contain surfactants.

As a consequence, the Expert Panel did not consider data 
from a majority of the non-mammalian systems and nonstan
dard tests with glyphosate, GBF, and AMPA to have signifi
cant weight in the overall genotoxicity evaluation, especially 
given the large number of standard core studies in the gene 
mutation and chromosomal effects categories available In 
mammalian systems. Rationale supporting this consideration
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is the absence of internationally accepted guidelines for such 
non-mammalian test systems, lack of databases of acceptable 
negative control data or positive control responses, and no 
results from validation studies suggesting concordance with 
carcinogenicity, OECD guidelines specifically state that use of 
any nonstandard test requires justification along with strin
gent validation including establishing robust historical nega
tive and positive control databases. Therefore, results in these 
tests, when conflicting with findings obtained in well vali
dated test systems for which OECD guidelines exist, and 
where the biological relevance of the results can be eval
uated, do not carry a significant WoE.

Critique of the classifications and mode of action 
(MoA) proposed in the IARC monograph for 
glyphosate and related agents
G e n o to x ic it y  c la s s if ic a t io n  a n d  M o A

Based on the results of the WoE critique detailed above and 
the wealth of negative regulatory studies reviewed by Kler 
and Kirkland (2013) and Williams et al. (2000), the Expert 
Panel does not agree with lARC's conclusion that there is 
strong evidence for genotoxicity across the glyphosate or 
GBFs database. In fact the Expert Panel WoE assessment pro
vides strong support for a la c k  of genotoxicity, particularly in 
study categories closely associated with indications of poten
tial genetic and carcinogenic hazard.

In order to demonstrate how the evidence from all sources 
was used to develop the Expert Panel's WoE conclusions for 
glyphosate, GBFs, and AMPA, the results from all study types 
were compiled In Table 3. Wherever possible, positive or 
negative responses were assigned to the individual studies in 
Table 3 according to the conclusions given in the original 
publication or report. In a small number of studies the Expert 
Panel concluded that there were significant issues regarding 
data analysis and interpretation of results and either changed 
the positive call given by IARC, e.g. Bolognesl et al. (2009) or, 
if the Impact of the Issues on the overall conclusions of the 
study was considered inconclusive, the data from that paper 
were excluded from Table 3, e.g. Paz-y-Miho et al. (2007) and 
Rank et al. (1993).

It should also be noted that the weight indicated in this 
table primarily reflects the endpoint of the publication or 
report. As noted above, there are significant test system 
(experimental protocol and data interpretation) considera
tions for some specific studies that significantly lowered the 
weight of these studies independently of the endpoint 
measured.

An evaluation of the studies in Table 3 according to their 
relative contributions to a WoE produced the following 
results: •

• Test methods identified as providing low contribution 
(Low Weight) to the WoE produced the highest frequency 
of positive responses, regardless of whether the responses 
were taken from the results of IARC evaluated studies 
alone (eight of nine) or from all studies combined (eight of 
11) .

• The highest frequencies of positive responses were 
reported for test endpoints and systems considered most 
likely to yield false or misleading positive results with 
respect to carcinogenicity prediction or carcinogenic mech
anism due to their susceptibility to secondary effects. This 
relationship was constant regardless of whether the results 
were taken from IARC evaluated studies alone or all stud
ies combined.

• The numbers of studies providing strong evidence of rele
vant genotoxicity (High Weight) were in the minority for 
both the IARC and Expert Panel evaluations, with six out 
of 15 studies identified as High Weight being positive for 
the IARC evaluation, and only eight out of 92 studies iden
tified as High Weight being positive for all studies com
bined by the Expert Panel.

Contrary to lARC's conclusion that there Is strong evidence 
of genotoxicity, the Expert Panel's WoE analysis of the com
plete database (or the IARC subset alone) using the weight
ing categories proposed in Suter and Cormier (2011) 
indicates that glyphosate and GBFs should not be classified 
as genotoxic. The panel does not agree with lARC's conclu
sion of moderate evidence for genotoxicity of AMPA. The 
data needed to make an assessment of the genetic hazard of 
AMPA are too limited and conflicting to reliably support such 
a classification.

To provide greater emphasis to the Expert Panel's WoE 
conclusion, Table 4 provides a comparison between a set of 
characteristics found in confirmed genotoxic carcinogens 
(Bolt et al. 2004; Petkov et al. 2015) and the genotoxic activ
ity profiles for glyphosate, AMPA, and GBFs. There is virtually 
no concordance between the two sets of characteristics.

O x id a t iv e  s t r e s s  c la s s i f ic a t io n  a n d  M o A

Oxidative stress was the second characteristic considered by 
IARC as operative in human carcinogens and thus supporting 
their classifying glyphosate as probably carcinogenic to 
humans. Publications investigating the relationship between 
oxidative DNA damage and cancer (Wu et al. 2004; Klaunlg 
et al. 2010) have demonstrated that following exposure to 
oxidative stress-inducing agents, a common adaptive 
response induced in mammalian cells is the up-regulation of 
stress-response genes. The resultant toxic response Is thresh
old dependent.

It has been shown that reactive oxygen species (ROS) are 
genotoxic in principle, and the question arises as to whether 
GBFs that increase ROS production will add to an endogen
ously produced background level of DNA lesions or whether 
compensatory mechanisms may result In non-linear dose
effects. Halliwell (2003) reported that alteration to DNA mole
cules triggers repair, and frequent activation may increase the 
general repair capacity, irrespective of the cause of the dam
age. Thus, repeated exposure to ROS may lead to an adaptive 
response, mitigating the mutagenicity of oxidative DNA 
lesions. Moreover, as suggested by Deferme et al. (2015) oxi
dative stress Is not uniquely associated with a genotoxic car
cinogens and simple measurements of ROS are Insufficient
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Table 3. Summary of Expert Panel's evaluation of human, non-human mammalian, and selected microbial genotoxicity studies from IARC Section 4,2,1 and other 
published sources.

Source Test category Endpoint Weight
Glyphosate
(Pos/Neg)

GBFs
(Pos/Neg)

AMPA
(Pos/Neg)

Total
(Pos/Neg)

Kier and Kirkland (2013) and Bacterial Reverse Mutation Gene mutation High 0/19 0/20 0/1 0/40
other published studies
not included in IARC

Mammalian In  V itro Gene mutation Moderate 0/2 ND ND 0/2
Chromosomal aberrations Moderate 1/5 1/0 ND 2/5
Micronucleus Moderate 2/0 1/0 ND 3/0
UDS Low 0/1 ND 0/1 0/2
SCE None ND 1/0 ND 1/0

Mammalian In  V ivo Chromosomal aberrations High 0/1 2/0 ND 2/1
Micronucleus High 0/13 0/17 0/1 0/31
SCE None ND 1/0 ND 1/0

IARC Monograph 112 Bacterial Reverse Mutation Gene mutation High 0/1 0/0 ND 0/1
Mammalian In  V itro Gene mutation Moderate 0/1 ND ND 0/1

Chromosomal aberrations Moderate 1/2 ND 1/0 2/2
Micronucleus Moderate 2/0 ND 1/0 3/0
Comet/DNA breaks Low 5/0 2/0 1/0 8/0
UDS Low 0/1 ND ND 0/1
SCE None 3/0 2/0 ND 5/0

Mammalian In  V ivo Chromosomal aberrations High 0/1 1/1 ND 1/2
Micronudeus High 2/1 2/3 1/0 5/4
Comet/DNA breaks Moderate 1/0 1/0 ND 2/0
Dominant lethal High 0/1 ND ND 0/1

Human In  V ivo Chromosomal aberrations High ND 0/1 ND 0/1
Micronudeus High ND 0/3 ND 0/3

High Weight C o m b in e d  T o ta ls 2/37 5/45 1/2 8/84
(¡A R C  re s u lts  o n ly ) (2/4) (3/5) (1/0) (6/9)

Moderate Weight C o m b in e d  T o ta ls 7/10 3/0 2/0 12/10
(IA R C  re s u lt s  o n ly ) (4/3) (1/0) (2/0) (7/3)

Low Weight C o m b in e d  T o ta ls 5/2 2/0 1/1 8/3
(IA R C  re s u lts  o n ly ) (5/1) (2/0) (1/0) (8/1)

AMPA; aminomethylphosphonic acid; GBFs: glyphosate based formulations; ND: no data.
A ll responses based on study critiques and conclusions of Expert Panel members.
Non-mammalian responses from IARC monograph in this table did not include four positive studies measuring DNA strand breaks in bacteria and one negative 

Rec assay in bacteria from IARC monograph Table 4,6.

Table 4. Comparison of test response profiles from glyphosate, GBFs, and AMPA to the profile characteristics o f confirmed genotoxic carcinogens.
Characteristic Carcinogens with a proven genotoxic mode of action Glyphosate, GBFs, AMPA study data in Section 4.2.1
Profile of test responses in genetic assays

Structure activity relationships 

DNA binding 

Consistency 

Response kinetics

Susceptibility to confounding factors 
(e.q. cytotoxicity)

Positive effects across multiple key predictive 
endpoints (i.e. gene mutation, chromosomal 
aberrations, aneuploidy) both in  v it ro  and in  v iv o

Positive for structural alerts associated with genetic 
activity

Agent or breakdown product are typically electro
philic and exhibit direct DNA binding

Test results are highly reproducible both in  v itro  and 
in  v iv o

Responses are dose dependent over a wide range of 
exposure levels

Responses are typically found at nontoxic exposure 
levels

No valid evidence for gene mutation in any test; no 
evidence for chromosomal aberrations in humans 
and equivocal findings elsewhere.

No structural alerts for glyphosate or AMPA suggest
ing genotoxicity

No unequivocal evidence for electrophilic properties 
or direct DNA binding by glyphosate or AMPA

Conflicting and/or non-reproducible responses in the 
same test or test category both in  v itro  and in  v iv o

Many positive responses do not show significant 
dose-related increases

Positive responses typically associated with evidence 
of overt toxicity__________

evidence supporting a genotoxic causal MoA for carcinogen
icity (Arai et al. 2006).

The evidence for oxidative stress induction summarized by 
IARC comes from studies employing a variety of endpoints 
and test systems, but in the IARC Monograph the data on 
oxidative stress are comingled with data from other end
points, and data on glyphosate and GBFs are also comingled. 
It is therefore difficult to obtain a dear picture of the oxida
tive stress effects.

In d i r e c t  m e a s u r e s  o f  o x id a t iv e  s t r e s s  v s . m e a s u r e s  o f  o x i 
d a t iv e  d a m a g e
In some respects, measures (endpoints) of oxidative effects 
can be weighted in a manner similar to that applied to

measures of genotoxicity. For example, in the majority of the 
studies reviewed by IARC, the endpoints assessed were only 
indirect measures of oxidative stress, in the form of antioxi
dant suppressive effects, changes in endogenous levels of 
protective molecules or enzymes (e.g. glutathione, superoxide 
dismutase) or changes in ROS (e.g. H202). The experiments 
in vitro in mammalian cells produced conflicting results and 
some positive results were observed only at very high dose 
levels which could be problematic for reliable evaluation 
of the potential for in vivo oxidative stress (Halliwell 2003). 
Long et al. (2007) demonstrated that reactive oxygen can be 
produced as an artifact by chemical reactions with compo
nents of the culture media, a possibility not evaluated in the 
studies reviewed by IARC. Overall, lARC's assessment did not 
appear to consider the relative importance of different
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biomarkers of oxidative stress with the exception of noting 
limitations of using dihydrofluorescein acetate as a marker of 
oxidative stress.

A more meaningful endpoint for identification of oxidative 
damage, particularly as it pertains to identification of a pos
sible genotoxic mechanism of cancer, would be the identifica
tion and application of a biomarker relevant to oxidative 
stress-induced damage to DNA. While a number of biochem
ical and physiological changes in cells can be produced dur
ing oxidative stress, the most extensively studied oxidative 
DNA lesion produced is 8-OHdG. This adduct has been widely 
used as a blomarker of oxidative DNA damage, and determin
ation of 8-OHdG levels may be useful in defining a chemical's 
MoA.

O x id a t iv e  d a m a g e  s t u d ie s  e v a lu a t e d  in  th e  IA R C  
m o n o g r a p h
Peluso et al. (1998) reported 32P-postlabelling adducts in rats 
treated with GBFs (but not glyphosate). The nature or source 
of the adducts was not identified but Williams et al. (2000) 
noted that the solvent system used by Peluso et al. (1998) 
could not detect oxidative DNA damage. Evidence for 
increased DNA damage in Bolognesi et al. (1997) as measured 
by 8-OHdG DNA adducts was both limited and contradictory. 
Glyphosate was reported to induce 8-OHdG adducts in liver 
but not kidney tissues whereas a GBF (with an equivalent 
level of glyphosate) was reported to Induce 8-OHdG adducts 
in kidney but not in liver tissue. Results of the Bolognesi 
et al. (1997) study are contradicted by another published 
study (Heydens et al. 2008) that was not considered by IARC. 
In this study no statistically significant increases in 8-OHdG 
were observed in liver or kidneys of mice 24 h after treatment 
by i.p. injection with 600 and 900mg/kg of a GBF of the 
same composition as those used by Peluso et al. (1998) and 
Bolognesi et al. (1997).

The only other cited mammalian study examining oxida
tive DNA damage was a measurement of the effect of 
human 8-oxoguanine DNA N-glycosylase 1 (hOGGI) on the 
comet endpoint in human lymphocytes exposed to glypho
sate (Mladinic et al. 2009a). This study showed a small but 
statistically significant effect on comet tail Intensity at only 
a low mid-dose level in the absence of an S9 metabolic 
activation system and at the highest dose level tested 
(580pg/mL) in the presence of S9. The observation of an 
effect at the highest dose level only in the presence of S9 
is unusual because statistically significant increases in other 
markers of oxidative stress were observed at the high dose 
levels in either the presence or absence of S9. The authors 
indicated that their results were not considered an 
unequivocal indication of the oxidative potential of glypho
sate. As noted above there does not appear to be any sig
nificant in vitro metabolism of glyphosate with rat liver 
homogenate (Gohre et al. 1987).

A series of studies in eels examined oxidative DNA dam
age of glyphosate, GBF, and AMPA by measurement of comet 
endpoints with and without treatment of samples with endo
nucleases that cleave at sites of oxidative damage (Guilherme 
et al. 2012a, 2012b; Guilherme et al. 2014a, 2014b; Marques

et al. 2014a, 2014b). When considering net effects of endo
nuclease treatment there were varied responses in different 
conditions, tissues, and treatments ranging from no statistic
ally significant effect to relatively small but statistically signifi
cant effects. These studies did not provide consistent strong 
evidence of oxidative DNA damage in a non-mammalian 
system.

In addition there was a human biomonitoring study 
measuring blood 8-OHdG which did not indicate a statistic
ally significant association between previous GBF exposure 
and high 8-OHdG levels (Koureas et al. 2014, not evaluated 
in IARC). There are concerns with this study, particularly the 
relationship between the timing of exposure and a presum
ably transient marker of exposure, While some other agents 
did show associations, the lack of a statistically significant 
association between 8-OHdG and past GBF exposure does 
not provide support for GBF-related oxidative DNA damage 
in humans.

Many more oxidative stress studies are available for GBFs 
than for glyphosate or AMPA. Unlike glyphosate, most of the 
GBF studies show evidence of oxidative stress suggesting 
that GBFs contain compounds that are likely to be toxic 
under some treatment conditions leading to ROS followed by 
normal cellular protective responses. Comparison of GBF oxi
dative stress study results with predicted human exposure 
levels (e.g. calculated 90th percentile for applicators of 
0.064 mg/kg body weight/day and much lower for other 
exposures), suggests that it is not likely that GBFs would 
induce oxidative stress likely to exceed endogenous detoxifi
cation capacities.

IARC claims of strong evidence supporting oxidative stress 
from AMPA seem to result from glyphosate and particularly 
GBF results rather than AMPA results. In fact, oxidative stress 
studies of AMPA are very limited. In the section on oxidative 
stress, IARC only cites one negative in vitro mammalian cell 
study of AMPA (Chaufan et al. 2014) and one positive in vitro 
mammalian cell study (Kwiatkowska et al. 2014). There is one 
other positive human cell study (Roustan et al. 2014) that 
was not cited; however, AMPA had unusually high toxicity in 
this report compared to other in vitro mammalian studies 
(see above) and no dose response was observed over an 
order of magnitude concentrations. The paucity and incon
sistency of cited data does not seem to justify a conclusion 
of strong evidence for oxidative stress induction by AMPA.

Research on oxidative stress induced genotoxicity suggests 
that it is often a secondary response to toxicity and charac
terized by a threshold (Pratt & Barron 2003). Therefore the 
most appropriate conclusion supported by the oxidative 
stress data presented in IARC Monograph Section 4.2 is that 
there is not a strong WoE that glyphosate, GBFs, or AMPA 
produce oxidative damage to DNA that would lead to Induc
tion of endpoints predictive of a genotoxic hazard or act as a 
mechanism for the induction of cancer in experimental ani
mals or humans.

Summary and conclusions
Detection of genotoxic activity or induction of oxidative 
stress/damage in any test conducted with a chemical does
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not, a priori, mean that the agent has a carcinogenic 
potential, induces key events leading to tumor develop
ment or represents an in vivo genotoxic risk. A systematic 
and critical assessment of the WoE is required before geno
toxic hazard and MoA conclusions can be reached. The 
I ARC process leading to conclusions suggesting modes of 
action involving genotoxicity and oxidative stress was 
incomplete (excluding valuable data) and did not appear to 
critically evaluate some of the key studies it relied upon. A 
meaningful WoE evaluation depends on an assessment of 
all available data using an appropriate weighting process.

A number of reviews of the carcinogenicity, genotoxicity, 
and oxidative stress/damage for glyphosate, AMPA, and GBFs 
were available prior to the development of the IARC 
Glyphosate Monograph (see Introduction). These prior reviews 
included much of the data available to IARC reviewers Involved 
in the evaluation presented in the IARC Monograph. In general, 
genetic toxicology data evaluated in these prior reviews all sup
port a conclusion that glyphosate (and related materials) is 
inherently not genotoxic. The Expert Panel concluded that 
there is no new, valid evidence presented in the IARC 
Monograph that would provide a basis for altering these con
clusions and that including the study results reviewed by Kier 
and Kirkland (2013) would provide considerable additional sup
port to the conclusion of absence of inherent genotoxic 
potential.

• The Expert Panel concluded that glyphosate, GBFs, and 
AMPA genotoxicity response profiles are not consistent 
with characteristics of genotoxic carcinogens (Table 4).

• There is substantial evidence, particularly in bacterial 
reverse mutation assays, demonstrating that glyphosate, 
GBFs, or AMPA do not induce gene mutation from either 
direct or oxidative induced mechanisms.

• The evidence indicating that glyphosate can produce 
chromosomal aberrations in mammalian systems is very 
limited, conflicting, and potentially due to secondary 
mechanisms.

• The absence of evidence indicating that glyphosate or 
GBFs induced lesions characteristic of genotoxic carcino
gens, in well-validated test systems with robust experimen
tal protocols, Invalidates conclusions that glyphosate or 
GBFs might act via a genotoxic MoA.

• The evidence for oxidative stress/damage as a mechanism 
or predictor of carcinogenesis is unconvincing. Repeated 
exposure to ROS most likely leads to adaptive responses, 
mitigating the mutagenicity of oxidative DNA lesions. 
Studies directed toward a better understanding of this 
relationship for glyphosate or GBF related exposures have 
not been reported.

• There is little or no reliable evidence that GBFs, at levels 
experienced across a broad range of end-user exposures, 
poses any human genotoxic hazard/risk.

The Expert Panel concluded that the IARC assessment of 
classifications regarding strong evidence of genotoxicity and 
oxidative stress capabilities of glyphosate, GBFs, and AMPA is 
not supported by the available data. A critical review of the 
complete dataset by the Expert Panel supports a conclusion

that glyphosate (including GBFs and AMPA) does not pose a 
genotoxic hazard and therefore, should not be considered 
support for the classification of glyphosate as a genotoxic 
carcinogen. These conclusions are supportive of recent 
reviews that have occurred during the preparation of this 
review. A European Food Safety Authority peer review con
cluded that glyphosate Is unlikely to pose a carcinogenic haz
ard to humans (EFSA 2015) and a Joint FAO/WHO Meeting 
on Pesticide Residues concluded that glyphosate is unlikely 
to be genotoxic at anticipated dietary exposures and unlikely 
to cause a carcinogenic risk to humans from dietary exposure 
(JMPR 2016).
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Expression of Concern

Critical Reviews in Toxicology, 46(S1): 'An Independent Review 
of the Carcinogenic Potential of Glyphosate'

We, the Editor-in-Chief and Publisher of the journal, have 
been Informed of concerns over the completeness of 
acknowledged contributions to the above supplement, and 
in the declarations of interest provided by the named con
tributors, for the following articles:

Williams, G. M„ Aardema, M„ Acquavella, J „  Berry, C„ 
Bruslck, D., Burns, M. M., de Camargo, J. L. V., Garabrant, D., 
Greim, H. A., Kier, L. D., Kirkland, D. J., Marsh, G„ Solomon, K. 
R„ Sorahan, T., Roberts, A., & Weed, D. L. (2016). A review of 
the carcinogenic potential of glyphosate by four independent 
expert panels and comparison to the IARC assessment. 
Critical Reviews in Toxicology, 46(S1), pp. 3-20.

Solomon, K. R. (2016). Glyphosate in the general popula
tion and In applicators: a critical review of studies on expo
sures. Critical Reviews In Toxicology, 46(S1), pp. 21-27.

Acquavella, J., Garabrant, D., Marsh, G., Solomon, K. R., 
Sorahan, T., & Weed, D. L, (2016). Glyphosate epidemiology 
expert panel review: a weight of evidence systematic review 
of the relationship between glyphosate exposure and non-

Hodgkln's lymphoma or multiple myeloma. Critical Reviews in 
Toxicology, 46(S1), pp. 28-43.

Williams, G. M., Berry, C., Burns, M. M., de Camargo, J. L. V., 
& Greim, H. A. (2016). Glyphosate rodent carcinogenicity blo- 
assay expert panel review. Critical Reviews in Toxicology, 
46(S1), pp. 44-55.

Brusick, D., Aardema, M„ Kier, L. D„ Kirkland, D. J., & 
Williams, G. (2016). Genotoxiclty Expert Panel review: weight 
of evidence evaluation of the genotoxiclty of glyphosate, gly- 
phosate-based formulations, and aminomethylphosphonlc 
acid. Critical Reviews in Toxicology, 46(S1), pp. 56-74.

We have requested corrigenda from the authors to provide 
additional disclosure as to contributions to the articles. To 
date, we have only received corrigenda for three of the five 
articles that have been agreed by all authors. We have not 
received an adequate explanation as to why the necessary 
level of transparency was not met on first submission. We 
thank those who brought this matter to our attention. When 
reading the articles, we recommend that readers take this con
text into account. We will continue to work to update these 
articles and ensure full disclosure of all contributions to them.

© 2018 Informa UK Limited, trading as Taylor & Francis Group
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Expression of Concern

Critical Reviews in Toxicology, 46(S1): 'An Independent Review 
of the Carcinogenic Potential of Glyphosate'
With the cooperation of the authors, we, the Editor-in-Chief 
and Publisher of the journal, have published corrigenda for 
each of the following articles:
Williams GM, Aardema M, Acquavella J, Berry C, Bruslck D, 
Burns MM, de Camargo JLV, Garabrant D, Grelm HA, Kier LD, 
et al, 2016. A review of the carcinogenic potential of glypho
sate by four independent expert panels and comparison to 
the IARC assessment. Crlt Rev Toxicol. 46(S1):3-20.
Solomon KR. 2016. Glyphosate In the general population and 
In applicators: a critical review of studies on exposures. Crlt 
Rev Toxicol. 46(S 1 ):21-27.

Acquavella J, Garabrant D, Marsh G, Solomon KR, Sorahan T, 
Weed DL. 2016. Glyphosate epidemiology expert panel review: 
a weight of evidence systematic review of the relationship 
between glyphosate exposure and non-Hodgkin's lymphoma 
or multiple myeloma. Crit Rev Toxicol. 46(S1):28-43.
Williams GM, Berry C, Burns MM, de Camargo JLV, Grelm HA. 
2016. Glyphosate rodent carcinogenicity bloassay expert 
panel review. Crit Rev Toxicol. 46(S 1 ):44—55.

Bruslck D, Aardema M, Kler LD, Kirkland DJ, Williams G. 2016. 
Genotoxiclty Expert Panel review: weight of evidence evalu
ation of the genotoxicity of glyphosate, glyphosate-based 
formulations, and amlnomethylphosphonlc acid. Crit Rev 
Toxicol. 46(S1 ):56—74.

After Investigation into the completeness of the original dec
larations of Interest provided by the authors, it was found 
that these did not fully represent the Involvement of 
Monsanto or its employees or contractors in the authorship 
of the articles.

These corrigenda provide additional disclosure as to contribu
tions to the articles, in some places In contradiction to the 
statements originally supplied.

We have not received an adequate explanation as to why 
the necessary level of transparency was not met on first sub
mission and welcome the opportunity to address this. We 
regret that these corrections were necessary and thank those 
who brought this matter to our attention.

To the best of our knowledge, the scholarly record is now 
accurate: however, we recommend that readers take the add
itional context the corrected disclosures provide into account 
when reading the articles.

©  2018 Informa UK Limited, trading as Taylor & Francis Group
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Correction

Article tiltle: A review of the carcinogenic potential of glyphosate by four independent expert panels and comparison to the 
IARC assessment.

Authors: Williams, G. M., Aardema, M., Acquavella, J., Berry, C., Brusick, D., Burns, M. M.: de Camargo, J. L. V., Garabrant, D., 
Greim, H. A., Kier, L. D., Kirkland, D. J„ Marsh, G„ Solomon, K. R., Sorahan, T., Roberts, A., & Weed, D. L.
Journal: Critical Reviews in Toxicology

Bibliometrics: Volume 46(S1), pages 3-20, Year 2016
DOI: http://dx.doi.org/10.1080/10408444.2016.1214677

When this article was originally published on 28th September 2016, the contributions, contractual status and potential com
peting interests of all authors and non-author contributors were not fully disclosed to Critical Reviews in Toxicology. 
Specifically, the Acknowledgements and Declaration of Interest were not complete. After further clarification from the authors, 
these sections are corrected to reflect the full contributions, contractual status and, potential competing interests of all 
authors and non-author contributors and read as follows:

Acknowledgements
The authors gratefully acknowledge the extensive comments received from nine independent reviewers selected by the 
Editor and who were anonymous to the authors. These comments were very helpful in revising the manuscript. Ashley 
Roberts would like to thank his colleague at Intertek, Barry Lynch, for assistance in the preparation of the manuscript and 
William Heydens of Monsanto for providing a regulatory history overview for use by the authors in the preparation of this 
overview paper and his review of a preliminary draft of the overview manuscript and the final manuscript. The authors wel
come the opportunity to correct the omission of the contributions of Barry Lynch, Intertek, and William Heydens, Monsanto in 
the original Acknowledgments. These individuals were not considered for authorship because they did not participate in the 
deliberations of the Panel and did not contribute to the conclusions drawn by the Panel. The conclusions were independently 
formulated by each of four Panel Sub-Groups as detailed in the individual papers.

Declaration of Interest
This overview paper (paper) Is part of a supplement, the preparation of which was coordinated by Intertek Scientific & 
Regulatory Consultancy (Intertek) under the leadership of Ashley Roberts. It was prepared subsequent to completion of the 
four manuscripts as an overview and presented the opinions and conclusions of four groups of the expert panel.
The expert panels were organized and supported administratively by Intertek. Funding was provided to Intertek by Monsanto 
Company, which is a primary producer and marketer of glyphosate and related products. All the expert panelists other than 
John Acquavella and Larry D. Kier were compensated through a contract with Intertek. John Acquavella and Larry D. Kler 
were compensated through existing consulting contracts with Monsanto Company. The employment affiliations of the authors 
are as shown on the cover page. The authors participated In the review process and preparation of this overview paper as 
independent professionals and not as representatives of their employers.
Monsanto also supported presentation of the Panel's findings and conclusions by Gary Williams and Tom Sorahan as a poster 
entitled "Expert Panel Review of the Carcinogenic Potential of the Herbicide Glyphosate" at the Society for Risk Analysis 
Annual Meeting in Arlington, VA, December 6-10, 2015, prior to the publication of the manuscripts.
William Heydens of Monsanto reviewed a draft of this overview paper and suggested wording changes but did not comment 
on the opinions and conclusions of the expert panel. The opinions expressed, and final conclusions set out in this overview 
paper were those of the listed authors and no one else.
While Intertek (formerly Cantox) has not previously worked on glyphosate-related matters for the Monsanto Company, previ
ous employees (Ian Munro and Douglass Bryant) of Cantox, have worked in this capacity. Ian Munro and Gary Williams, with 
the assistance of Douglass Bryant, prepared a safety and risk assessment of Roundup® herbicide (glyphosate), which was sup
ported by Monsanto (Williams et al, 2000).
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RM 000172

https://dol.org/
http://dx.doi.org/10.1080/10408444.2016.1214677


2 @  CORRECTION

Gary Williams, Sir Colin Berry, David Brusick, Joao Lauro Viana de Camargo, Helmut A. Greim, David J. Kirkland, and Tom 
Sorahan have previously served as independent consultants for the Monsanto Company, some serving on the European 
Glyphosate Task Force. Keith R. Solomon previously served as an independent consultant for the Monsanto Company on the 
deregulation of RR alfalfa in the US (2012-2014). In collaboration with Cantox, Dr. Solomon contributed to an ecotoxicological 
risk assessment for Roundup® herbicide, which was published (Giesy et al, 2000). In addition, between 2014 and 2016, he 
served on a scientific advisory board to Dow AgroSciences, which markets pesticides, including glyphosate. John Acquavella 
and Larry D. Kier have also served as independent consultants and were previously employees of the Monsanto Company. 
John Acquavella was employed by Monsanto between the years 1989 and 2004. He is a consultant on a legal case unrelated 
to glyphosate that involved a former Monsanto industrial chemical plant. Larry Kier was employed as a consultant by 
Monsanto to provide support for the Glyphosate Expert Panel in the areas of genotoxicity and oxidative stress. Larry Kier did 
review the report as It was being written and provided his expertise when requested by the panel members. After the final 
draft of the report was written Larry was added as a co-author and genotoxicity Expert Panel member based on a unanimous 
decision of the original genotoxicity Expert Panel Members.
Helmut Greim has previously reviewed the available long-term studies in rodents and has published a paper (Greim et al., 
2015) together with three coauthors. One of them, an employee of Monsanto, provided the original data from the studies 
conducted by Monsanto, the other two authors were independent consultants, one of them a member of the glyphosate 
task force.
David Garabrant served in 2014-16 on a scientific advisory board to Dow Agro Sciences, which markets pesticides including 
glyphosate. He was jointly retained by Bayer Corporation; Bayer CropScience LP; Bayer CropScience Holding, Inc.; Dow 
AgroSciences, L.L.C.; BASF Corporation; Syngenta Crop Protection, Inc., Deere & Company, Lesco, Inc.; and Monsanto in litiga
tion matters concerning glyphosate and leukemia. He also provided consultation in February 2016 to an attorney representing 
Pharmacia (formerly Monsanto) in litigation that did not involve glyphosate. Tom Sorahan has consulted for Monsanto on liti
gation matters involving glyphosate. Tom Sorahan has received consultancy fees and travel grants from Monsanto Europe SA/ 
NV as a member of the European Glyphosate Toxicology Advisory Panel and participated in the IARC Monograph Meeting for 
volume 112, as an Observer for the Monsanto Company. Douglas L. Weed has consulted on litigation matters for Monsanto 
that did not involve glyphosate.
Other than David Garabrant and Tom Sorahan, none of the authors had previously been involved in any litigation procedures 
involving Monsanto and glyphosate.
Marilyn Aardema, Michele M. Burns, Gary Marsh and Ashley Roberts had not been previously Involved in any activity involving 
glyphosate and as such declare no potential conflicts of interest.
The authors apologize for any errors or omissions In the original disclosure.
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Solomon KR, (2016). Glyphosate In the general population and in applicators: a critical review of studies on exposures. Crit 
Rev Toxicol. 46(S1), pp. 21-27.
http://dx.doi.Org/10.1080/10408444.2016.1214678

When this article was originally published on 28th September 2016, the contributions, contractual status and potential com
peting interests of all authors and non-author contributors were not fully disclosed. Specifically, the Declaration of Interest 
were not complete. These sections should read as follows:

Acknowledgment
The author gratefully acknowledges the extensive comments offered by five reviewers selected by the Editor and presented 
anonymously to the author. These comments were useful in revising the paper. I thank Monsanto Inc. for providing access to 
reports from exposure studies for glyphosate in applicators and Dr. Marian Bleeke (of Monsanto Inc.) for clarification of some 
of the methods used. I wish to thank the authors of the other papers in this series for their constructive suggestions 
and comments.

Declaration of interest
The employment affiliation of the author is shown on the cover page. However, it should be recognized that the author par
ticipated in the review process and preparation of this paper as an independent professional and not as a representative of 
his employer. Keith R. Solomon previously served as an independent consultant for the Monsanto Company on the deregula
tion of RR alfalfa in the US (2012-2014). In collaboration with Cantox, the predecessor company to Intertek Scientific and 
Regulatory Consultancy (Intertek) KRS contributed to an ecotoxicological risk assessment for Roundup® herbicide, which was 
published (Giesy et al„ 2000). In addition, between 2014 and 2016, he served on a scientific advisory board to Dow 
AgroSciences, which markets pesticides including glyphosate. KRS has not been involved in any litigation procedures involving 
Monsanto Company and glyphosate. KRS's recruitment and evaluation of the data was organized and conducted by Intertek. 
acted as a consultant for Intertek. Intertek is a consultancy firm that provides scientific and regulatory advice, as well as safety 
and efficacy evaluations for the chemical, food and pharmaceutical industries. Intertek prepared the paper for submission to 
the journal, made some formatting and editorial changes prior to submission, and, after review provided the comments from 
the reviewers to KRS. KRS was not provided with comments from William Heydens of Monsanto Inc., either directly or 
via Intertek.

While Intertek Scientific & Regulatory Consultancy (Intertek) has not previously worked on glyphosate related matters for the 
Monsanto Company, previous employees of Cantox, the predecessor company to Intertek, had worked in this capacity. 
Funding for this evaluation was provided to Intertek by the Monsanto Company which Is a primary producer of glyphosate 
and products containing this active ingredient.
This article is part of a supplement, sponsored and supported by Intertek Scientific & Regulatory Consultancy. Funding for the 
sponsorship of this supplement was provided to Intertek by the Monsanto Company, which is a primary producer of glypho
sate and products containing this active ingredient.
The author apologizes for these errors.
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Acquavella J, Garabrant D, Marsh G, Sorahan T, Weed DL. (2016). Glyphosate epidemiology expert panel review: a weight of 
evidence systematic review of the relationship between glyphosate exposure and non-Hodgkin's lymphoma or multiple mye
loma. Crit Rev Toxicol. 46(S1). pp. 28-43.
http://dx.doi.org/l0.l080/10408444.2016.l21468l

When this article was originally published on 28th September 2016, the contributions, contractual status and potential com
peting interests of all authors and non-author contributors were not fully disclosed. Specifically, the Acknowledgements and 
Declaration of Interest were not complete. These sections should read as follows:

Acknowledgements
The authors gratefully acknowledge the very useful comments provided by seven reviewers who were selected by the Editor 
and anonymous to the authors. These comments helped improve the manuscript. William Heydens of Monsanto reviewed the 
initial draft of our manuscript and commented that the section on analytic selection bias was unclear to him and that we 
might define the term "grey literature." He also pointed out some typographical errors. Based on his feedback, the authors 
decided to clarify the section on analytic selection bias, define grey literature in a footnote, and correct the typos. All addi
tions, deletions, and changes to the draft manuscript were made only by the authors, with unanimous agreement.

Declaration of Interest
The employment affiliation of the authors is as shown on the cover page. However, it should be recognized that each individ
ual participated in the review process and preparation of this paper as an independent professional and not as a representa
tive of their employer, This expert panel evaluation was organized and conducted by Intertek Scientific & Regulatory 
Consultancy. Funding for this evaluation was provided by Monsanto Company, which is a primary producer of glyphosate and 
products containing this active ingredient. The authors had sole responsibility for the content of the paper, and the interpre
tations and opinions expressed In the paper are those of the authors.

JA worked for Monsanto from 1989 through 2004. He is currently a consultant on a legal case unrelated to glyphosate that 
involves a former Monsanto industrial chemical plant. DG serves on a scientific advisory board to Dow Agro Sciences, which 
markets pesticides including glyphosate. He was jointly retained by Bayer Corporation; Bayer CropScience LP; Bayer 
CropSclence Holding, Inc.; Dow AgroSciences, L.L.C.; BASF Corporation; Syngenta Crop Protection, Inc., Deere & Company, 
Lesco, Inc,; and Monsanto in litigation matters concerning glyphosate and leukemia. He also provided consultation in 
February 2016 to an attorney representing Pharmacia (formerly Monsanto) in litigation that did not involve glyphosate. That 
consultation consisted of 0.3 hours of professional services, after which he did no further work on the litigation. GM has no 
additional declarations, TS has received consultancy fees and travel grants from Monsanto Europe SA/NV as a member of the 
European Glyphosate Toxicology Advisory Panel and participated in the IARC Monograph Meeting for volume 112 which 
reviewed the literature and provided a carcinogenic hazard assessment for glyphosate as an Observer for the Monsanto 
Company. In addition, TS has consulted for Monsanto on litigation matters involving glyphosate. DW has consulted on litiga
tion matters concerning Monsanto that did not involve glyphosate. This article is part of a supplement, sponsored and sup
ported by Intertek Scientific & Regulatory Consultancy. Funding for the sponsorship of this supplement was provided to 
Intertek by the Monsanto Company, which is a primary producer of glyphosate and products containing this active ingredient. 
JA was paid directly by Monsanto for his work on this expert panel through an existing consultant contract. The other authors 
(DG, GM, TS, DW) were paid by Intertek, which was funded by Monsanto.
This article is part of a supplement, sponsored and supported by Intertek Scientific & Regulatory Consultancy. Funding for the 
sponsorship of this supplement was provided to Intertek by the Monsanto Company, which is a primary producer of glypho
sate and products containing this active ingredient.
The authors apologize for these errors.
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When this article was originally published on 28th September 2016, the contributions, contractual status and potential com
peting interests of all authors and non-author contributors were not fully disclosed. Specifically, the Acknowledgements and 
Declaration of Interest were not complete. These sections should read as follows:
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Editor and who were anonymous to the authors. These comments were very helpful in revising the manuscript. Materials for 
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ntertek by the Monsanto Company, which is a primary producer of glyphosate and products containing this 

active ingredient.

The employment affiliations of the authors of the carcinogenicity group of the expert panel are as shown on the cover page. 
Each individual participated in the review process and preparation of this paper as an independent professional and not as a 
representative of their employer.

The carcinogenicity group members recruitment and the evaluation of the data was organized and conducted by Intertek 
Scientific & Regulatory Consultancy (Intertek). The group panelists were engaged by Intertek, and acted as consultants to 
Intertek and were not directly contacted by the Monsanto Company. Intertek (previously Cantox) Is a consultancy firm that 
provides scientific and regulatory advice, as well as safety and efficacy evaluations for the chemical, food, and pharmaceutical 
industries. While Intertek has not previously worked on glyphosate-related matters for the Monsanto Company, previous 
employees (Ian Munro, Douglass W. Bryant, Barry Lynch) of Cantox, have worked in this capacity. Gary Williams coauthored a 
review of Roundup herbicide (glyphosate) (Williams et al, 2000), which was supported by Monsanto. Gary Williams, Sir Colin 
Berry, Jo~ ao  Lauro Viana de Camargo, and Helmut Greim have previously served as Independent consultants for the 
Monsanto Company, some on the European Glyphosate Task Force. Helmut Greim has previously reviewed the available long
term studies in rodents and has published a paper (Greim et al., 2015) together with three coauthors. One of them, an 
employee of Monsanto, provided the original data of the Monsanto studies, the other two were independent consultants, one 
of them a member of the glyphosate task force. Michele Burns has not previously been involved In any activity involving gly
phosate and as such declares no potential conflict of interest. None of the aforementioned authors have been involved in any 
litigation procedures concerning glyphosate.

Neither any Monsanto company employees nor any attorney provided any review of the Expert Panel's manuscript analysis 
and conclusions prior to submission to the journal.
The authors apologize for these errors.
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When this article was originally published on 28th September 2016, the contributions, contractual status and potential com
peting interests of all authors and non-author contributors were not fully disclosed. Specifically, the Acknowledgements and 
Declaration of Interest were not complete. These sections should read as follows:
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Editor and who were anonymous to the authors. These comments were very helpful in revising the original submitted manu
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final paper prior to submission to the journal.

Declaration of interest
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developing the analysis and conclusions of the manuscript prior to its submission to the journal.

The Expert Panel Member recruitment was organized and conducted by Intertek Scientific & Regulatory Consultancy (Intertek) 
and the initial Expert Panelists worked under individual consulting contracts with Intertek. Intertek (previously Cantox) is a 
consultancy firm that provides scientific and regulatory advice, as well as safety and efficacy evaluations for the chemical, 
food, and pharmaceutical industries. While Intertek Scientific & Regulatory Consultancy has not previously worked on glypho
sate related matters for the Monsanto Company, previous employees of Cantox had worked in this capacity.
Larry Kier did not have a consulting contract with Intertek; he was employed as a consultant by Monsanto to provide support 
for the Glyphosate Expert Panel in the areas of genotoxicity and oxidative stress. LK did review the report as it was being 
written and provided his expertise when requested by the panel members. After the final draft of the report was written 
Larry was added as a co-author and genotoxicity Expert Panel member based on a unanimous decision of the original geno
toxicity Expert Panel Members.

Gary Williams, David Brusick, and David Kirkland have previously served as independent consultants for the Monsanto 
Company, some serving on the European Glyphosate Task Force. Larry Kier was previously an employee of the Monsanto 
Company (1974-2000) and has also served as an independent consultant for Monsanto Company. As consultants to the 
Glyphosate Task Force LK and DK prepared and published a review of the genotoxicity of glyphosate and glyphosate-based 
formulations (Kier and Kirkland, 2013) and as a consultant to Monsanto LK prepared and published a review of genotoxicity 
biomonitoring studies of glyphosate-based formulations (Kier, 2015). Marilyn Aardema has not previously been employed in 
the Monsanto Company or previously been involved in any activity involving glyphosate and as such declares no potential 
conflicts of interest. Ian Munro, Douglass W. Bryant, and Gary Williams prepared a safety and risk assessment paper of 
Roundup herbicide (glyphosate) (Williams G.M. et al., 2000).
Except for assistance with final formatting, neither any Monsanto company employees nor any attorney provided any review 
of the Expert Panel's manuscript analysis and conclusions prior to submission to the journal.
This article is part of a supplement, sponsored and supported by Intertek Scientific & Regulatory Consultancy, Funding for the 
sponsorship of this supplement was provided to Intertek by the Monsanto Company, which is a primary producer of glypho
sate and products containing this active ingredient.
The authors apologize for these errors.
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R esp on se:

Roger 0 . McClellan has had no communications with Monsanto personnel related to 

GBFs. AMPA and/or surfactants for GBFs except as related to specific manuscripts submitted to 

Critical Reviews in Toxicology and disclosed below.

(6) All communications with Monsanto related to GBFs, AMPA, and/or surfactants for
GBFs.
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Response:

The only communications between Roger 0 .  McClellan and lntertek, Inc. personnel 

related to GBFs, AMPA and/or surfactants for GBFs are those with Ashley Roberts in his role 

coordinating the preparation and publication o f five papers included in the Special Supplement to 

Volume 46 (2016) o f Critical Rev iews in Toxicology as noted in Item 10 below.

(7) All communications with lntertek. Inc related to GBFs, AMPA, and/or surfactants for
GBFs.
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Response:

The only communications Roger 0 .  McClellan has had with Dr. Larry Kier related to 

GBFs, AMPA, and/or surfactants for GBFs arc communications in McClellan's role as Editor-in

Chief o f  Critical Reviews in Toxicology and specifically relate to manuscripts authored or co

authored by Dr. Kier as identified below:

(8) All communications with Dr. Larry Kier related to GBFs, AMPA, and/or surfacants for
GBFs.

Larry D. Kier and David J. Kirkland (2013). Review o f genotoxicity studies o f  
glyphosate and glyphosate-basd formulations. Crit. Rev. in Toxicol. 43(4):283-315.

Larry D. Kier (2015). Review o f genotoxicity biomonitoring studies o f  glyphosate-based 
formulations. Crit. Rev. in Toxicol. 45(3):209-218.

Brusick, D., Aardema, M., Kier, L„ Kirkland, D. and William, G. (2016). Genotoxicity 
expert panel review: Weight o f evidence evaluation o f the genotoxicity o f  glyphosate, 
glyphosate-based formulations, and aminomethylphosphonic acid. Crit. Rev. in Toxicol. 
46 (Special Supplement): 56-74.

Copies o f  those published papers were provided in response to Item 5.

The third paper listed, authored by Brusick et al. (2016). which included Dr. Larry Kier 

as a co-author, was included in a special investigation addressed in Item 15.
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RogetJWcClellan

From:
Sent:
To:
Cc:
Subject:

Roger McClellan @att.net>
Monday, February 25, 2013 8:52 AM 
Claire Summerfield
Bridget Sheppard; Lindsay Duncan; Mildred Morgan; Roger O. McClellan 
Fw: Revised Proof Corrections/ Like to see it

Claire:
Welcome back> I was surprized I did not receive the revised galley's for review. Please send me a copy. I am curious as 

to how they turned out. I appreciate everyone's help with this manuscript 
Regards,

Roger

----Forwarded Message —
From: Larry Kier
To: Roger 0. McLeilar^ H H H H ^ ^ ^ |a t t .net> .
Sent: Mon, February 25, 20^^^6?3^AM 
Subject: Revised Proof Corrections

I received the revised proof on Friday and submitted corrections on Saturday morning. The corrections certainly weren't 
anything major but they were definitely worthwhile.

They were received and I believe they are being processed which shouldn't take much time at all.

Thanks for your help with this process.

Roger,

Larry Kier
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^o^er^McCleMan

F r o m : SALTMIRAS. DAVID A (AG/1000)
Sent: Thursday, January 9, 2014 2:35 PM
To: roger.o.mcdellantô^^J
Subject: Glyphosate carcinogenicity review manuscript

Roger,

iu 'monsanio com>

I have been meaning to update you for some time on our progress on a glyphosate carcinogenicity review 
manuscript. We are making a few modifications since the Seralini paper was recently retracted by F o o d  & C h e m ic a l  
T o x ic o lo g y . We are also hard at work evaluating the tumor data tables on the thirteen industry studies (8 rat and 5 
mouse). However, we just received the EU Rapporteur's Réévaluation Assessment Report (RAR) for glyphosate's EU 
Annex I Renewal, which will soon open up for a two month public comment period. The European Glyphosate Task 
Force (I chair the Toxicology Technical Working Group) will first complete our comments back to the German BvL. Then I 
will turn my attention to final tuning of our manuscript for submission to C rit ica l R e v ie w s  in  T o x ico lo g y .

Thanks for your patience.

Best wishes for 2014.

J J it V i .f  < l l H l l l I l i l f .  J'll J>.. J ) . t. 
Toxicology Manage1 
Regulatory Tox co-.-g> z<-i ‘

This e-mail message may contain privileged and/or confidential information, and is intended to be received only 
by persons entitled
to receive such information. If you have received this e-mail in error, please notify the sender immediately. 
Please delete it and
all attachments from any servers, hard drives or any other media. Other use o f  this e-mail by you is strictly 
prohibited.

All e-mails and attachments sent and received are subject to monitoring, reading and archival by Monsanto, 
including its
subsidiaries. The recipient o f  this e-mail is solely responsible for checking for the presence o f "Viruses" or other 
"Malware".
Monsanto, along with its subsidiaries, accepts no liability for any damage caused by any such code transmitted
by or accompanying
this e-mail or any attachment.

The information contained in this email may be subject to the export control laws and regulations o f  the United 
States, potentially
including but not limited to the Export Administration Regulations (EAR) and sanctions regulations issued by 
the U.S. Department of
Treasury, Office o f Foreign Asset Controls (OFAC). As a recipient o f this information you are obligated to

RM 000182
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comply with all
applicable U.S. export laws and regulations.
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RogeMVlcCleMaii

F ro m :
Sent:
To:
Subject:

SALTMIRAS. DAVID A [AG/1000] @monsanto.com>
Wednesday. October 1, 2014 10:00 AM 
ro g e r.o .m cd e llan @ ^ ^ |
Declaration of Interest

Roger,

I have framed the following declaration of interest similar to that of the Larry Kier & David Kirkland paper, but I am not
sure this as granular as you were requesting over the phone. Please let me know if this is acceptable or whether more 
details are necessary.

D eclara tion  o f  In terest

Volker Mostert was a consultant involved in the preparation of the 2012 glyphosate Annex I Renewal dossier for the 
Glyphosate Task Force (GTF), a consortium of European glyphosate registrants (http://www.glyphosatetaskforce.org/). 
Volker Mostert and Helmut Greim have been reimbursed by the GTF for their work on this manuscript. The selection and 
interpretation of the data presented here were the sole responsibility of the four authors. David Saltmiras and Christian 
Strupp are employed by member companies of the GTF, Monsanto and Feinchemie Schwebda GmbH (Makhteshim Agan 
Industries Ltd.) respectively. David Saltmiras is also Chair of the Toxicology Technical Working Group of the Glyphosate 
Task Force. Monsanto Company was the original producer and marketer of glyphosate formulations. The authors had 
sole responsibility for the writing and content of the paper and the interpretations and opinions expressed in the paper 
are those of the authors and may not necessarily be those of the member companies of the Glyphosate Task Force.

Regards,

Ihivni >.tintuiti.'. J’lt.V.. V-.A.B.I 
Science Feiiow
Movfti Chem»*i:y and hLcrobmls Product Lead 
Toxicology and Numbon Cenlei

This c— mail message may contain privileges snd/cr confidential informaticn, and it 
intended to be received only by persons entitled
cc receive such ini ormati on. li you haver received rr.is e-mail in error, please notify the 
sender imneciace.y. Please dolete it and
all attachments from any servers, hard drives or any ether media. Sther use of e-
c.ail by y cc _s strict, y prohibiteu.
All e-msi_s and attachments sent and received 3re subject, to monitoring, reading and 
archival by Monsanto, including its
subsidiaries. The recipient of this e-r.ai* is solely responsible for checking for the 
presence cf "Viruses" or other "Malware".
Monsanto, along with its subsidiaries, accepts no liability ror any damage caused by any 
such code transmitted by cc accompanying 
this e-mail or any attachment.

The information contained in this email may be subject to the export control laws and 
regulations of the bnired States, potentially
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Treasury, Office of Foreign Arse. Contre Is (OF^C). As a recipient ci this information 
you are obligated to comply with =' 
applicable U.3. export laws and try. lario.-.s.
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From:
Sent:
To:
Subject:

Jtoger^McCleNan

l@ m o n s a n t o  c o u pSALTMIRAS. DAVID A |AG/1000)
Thursday, November 6 , 2014 4:39 PM 
roger.o.mcclellanifi^^J
FW: Critical Reviews in Toxicology - Manuscript ID BTXC-2014-0081

Roger,

Finally submitted! Confirmation email below. Please let me know if you have any questions ore require additional 
details, information, etc.

Regards,

David Saltmiras, Ph.D., D.A.B.T.
Science Fellow
Novel Chemistry and Microbials Product Lead Toxicology and Nutrition Center Monsanto ph

— Original Message—  
From: onbehalfof+mbmorgar l@manuscriptcentral.com 
[mailto:onbehalfof+mbmorgan+hargray.com@manuscriptcentral.com] On Behalf Of mbmorgani 
Sent: Thursday, November 06, 2014 5:37 PM 
To: SALTMIRAS, DAVID A [AG/1000]
Cc: m bm organ(S^^^^^J
Subject: Critical Reviews in Toxicology - Manuscript ID BTXC-2014-0081

06-NOV-2014

Dear Dr Saltmiras:

Vour manuscript entitled "Evaluation of Carcinogenic Potential of the Herbicide Glyphosate, Drawing o n  T u m o r  
Incidence Data from Fourteen Chronic/Carcinogenicity Rodent Studies" has been successfully submitted online and is 
presently being given full consideration for publication in Critical Reviews in Toxicology.

Your manuscript ID is BTXC-2014-0081.

Please mention the above manuscript ID in all future correspondence or when calling the office for questions. If there 
are any changes in your street address or e-mail address, please log in to Manuscript Central at 
https://mc.manuscriptcentral.com/btxc and edit your user information as appropriate.

You can also view the status of your manuscript at any time by checking your Author Center after logging in to 
https://mc.manuscriptcentral.com/btxc.

Thank you for submitting your manuscript to Critical Reviews in Toxicology.

Sincerely,
Critical Reviews in Toxicology Editorial Office
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Visit www.informapharmascience.com and sign up for free eTOC alerts to all Informa Pharmaceutical Science journals 
This e-mail message may contain privileged and/or confidential information, and is intended to be received only by 
persons entitled to receive such information. If you have received this e-mail in error, please notify the sender 
immediately. Please delete it and all attachments from any servers, hard drives or any other media. Other use of this e
mail by you is strictly prohibited.

All e-mails and attachments sent and received are subject to monitoring, reading and archival by Monsanto, including its 
subsidiaries. The recipient of this e-mail is solely responsible for checking for the presence of "Viruses" or other 
"Malware".
Monsanto, along with its subsidiaries, accepts no liability for any damage caused by any such code transmitted by or 
accompanying this e-mail or any attachment.

The information contained in this email may be subject to the export control laws and regulations of the United States, 
potentially including but not limited to the Export Administration Regulations (EAR) and sanctions regulations issued by 
the U.S. Department of Treasury, Office of Foreign Asset Controls (OFAC). As a recipient of this information you are 
obligated to comply with all applicable U.S. export laws and regulations.
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^ o ^ e H V Ic C Je N c m

From:
Sent:
To:
Attachments:

SALTMIRAS, DAVID A |AG/1000) @monsanto.com>
Friday, December 19, 2014 4:37 PM 
roger.o.mcdellan(K^^^|
Author Responses to Reviewer Comments.docx, Glyphosate Carcinogenic Potential - 
REVISED CRT Manuscript.l2-19-2014.docx

Roger,

As discussed this afternoon, I have uploaded the responses to reviewer comments, the revised glyphosate 
carcinogenicity review manuscript, revised tables and a revised data supplement on manuscript central. I have also 
attached are my responses to reviewers comments and the revised manuscript in MS Word with tracked changes.

Regards,

j \ i v u l  <iiltnuhis. J'n.'lì. H .A& .T.
Science Fellow
N jv c  C ’lemislty ana Microbial* Product Lead 
'ox roiogy and N,.union Center
__________

p f

This e-nail message may contain privileged and/or ocnficier,rial inforna*Jon, and is 
; r'.ended t.c he received or.ly by persons entitled
lo receive each information. If you have received this e-mail in error, please notify the 

¡¿r iiwrediarely. Please delete it a:.d
, attachments frois any servers, hard drives or any ethei medie. 3 Itti uso a. This c- 

Tòi: 'ey you is strictly prohibited.
All e-mai-a and attachments sent ar.d received aie s.tject tc monitoring, •'■eadi-.c and 
• :.-.rival . y Monsanto, including its
.-ucsictiaries. The recipient of this e-mail is solely iesocr.sir.-ie for checking for r.h® 
r ''-ser.ee oi "Viruses" or other "Malware".
"v-sante, slcr-g with _’.s subsidiaries, accepts r.o liability f.i ar.y damage caused by ar.y 
.-1 .::: j . ;ie transmitted by or accompanying 

e-c.aii or any attachment.

.ha ir.fc rmat i : r. contai r.ad ir. this email rray he sur ject tr thè export control laws ar.J 
roguiaticns tf t:.e United States, poter.tial 1 y 
i C- .nihg L:t net limited to tne Export Administraticn Fagulaticr..« (SAP.) ani sar.cti'.rs 
-'c-gulatiors i esteti t-y thè V.S. Department of
Treasury, Office of Foreign Asset Controls (OFAC), As a reoipient of this informatico 
yyj are coligèted tc comply with all 
■acplicable U.S. export iaws and cegulaticns.
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Roger^McClelLm

From: Roger McClellan <roger.o.mcdellarflH^P:
Sent: Tuesday, January 13, 2015 11:31 AM
To: Larry Kier
Cc: inbmor Rogei McClellan
Subject: Re: Critical Reviews in Toxicology

Larry:
Your interpretation is correct. Please do not submit a revised manuscript until you receive the third reviewers 

comments or I give you a green light. Best regards, Roger

On Tuesday, January 13, 2015 11:25 AM, Larry Kier com> wrote:

Roger and Mildred,

T hanks so much for sending the reviews and thanks to both you and the reviewers for their remarkably prompt 
responses.

I will get to work on these right away but assume I should wait for the third review to submit reviewer reponses.

Thanks. 

Larry Kier

.......Original Message-----
From: onbehalfof+roger.o.mcclellan 
| mailto:onbehalfoft roger.o.mcclellan 
Sent: Tuesday, January 13, 2015 10:44 AM
To: I d k i e r i u ^ __________
' „

Subject: Critical Reviews in Toxicology

(u manuscrintccntral.com
t manusc ri incentrai, com! On Behalf O f roger.o.mceldlamtl

13-Jan-2015

BTXC-2015-0001 - Review o f Genotoxicity Biomoniloring Studies ofGlyphosate-Based Formulations 

Dear Dr Larry Kier:

1 have have received two reviews o f  your paper and I am waiting for a third review. The two review s received 
are quite positive. 1 am asking my assistant, Mildred Morgan, to send copies o f  the review to you so you can 
begin considering revisions to the text you submitted. In particular one reviewer suggests adding a table to 
clarify your findings. 1 concur with his recommendation. 1 will be sending you the third review as soon as it is 
received.

Best regards 

Sincerely,
2
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Roger

Dr Roger McClellan. Editor 
Critical Reviews in Toxicology

Visit www.informapharmascience.coni and sign up for free eTOC' alerts to all Informa Pharmaceutical Science 
journals
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From: Roger .MeC’lellan [inailto:rogcr.o.mcclellan(a ait.net)
Sent: 31 January 20I5 I*7:10 
To: Summertlcld, Claire 
Cc: Mildred: Roger McClellan
Subject: Fw: Submitted Corrections for Manuscript ID: BTXC I0I0I94/ Questions

Claire:
Whal is going on with the Production People on the Conflict o f Interest /  Declaration o f Interest front? 

Queries like number 4 on the Kier manuscript are confusing to authors. I thought we had this issue resolved. 
Has CRT been shifted to another Production Company? If I am off base on this issue let me know.

Best regards.
Roger

Oil Saturday, January 31, 20I5 10:01 AM. Roger McClellan <rtiecr.o.meelcllan-i/ :iu.nct> wrote:

Larry:
Ignore the Query related to Conflict o f Interest ?Declaration o f  Interest. Whal you prov ided and l approved 

is just fine. I think the Production People are confused and are use to using "eye wash statements" like "the 
authors declare no conflict o f  interest".

Best regards,
Roger

On Saturday. January 31. 2015 9:54 AM. "clairc suinnicrlieUl ii inlunn.i com" <clairc.<animerlicltl <; nHhim.:.com> wrote:

This e-mail confirms that you have submitted your collections to your proofs. Please review the journal and 
article/content titles below to make sure they arc correct.
If any o f this information is incorrect, please contact the Production Editor.
Review o f  Genotoxicity Biomonitoring Studies o f Glyphosate-Based Formulations 
By: Kier
Journal: BTXC Critical Reviews in Toxicology 
Comments From: Roger McClellan 
Date Returned: 3 1 Jan 2 0 15

Correction#: l 
Query#: 4 
Page#:9 
Line#: 39
This is exactly the same Declaration o f Interest as provided by the author and approved by the Editor. I do NOT 
understand what the Production stff is doing inserting a Query like this that is pure NONSENSE. What is going 
on????
After your article has been published online, you will receive 15 eprints to share with colleagues. You will 
receive an email from us to let you know that it has been published. If you wish to order reprints, please place 
your order at the Rightslink website:

s
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Iiltp:■■'cai.viiilhnrui.cpm lvI S 1010194
Yours sincerely,
Claire Summeriield
Informa Business Information
Christchurch Court
10-15 Newgate Street
London
E O A  7AZ
UNITED KINGDOM
Email:claire.sunnnerlicld(a informa
P h n n c : - M - B H H f l H f l B
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Roger McClellan

From:
Sent:
To:
Subject:

SALTMIRAS, DAVID A [AG/1000]
Thursday, February 19, 2015 10:57 AM 
roger.o.mcdellan@att^
Recently Accepted Glyphosate Manuscripts

@monsanto.com>

Hello Roger,

I trust the weather your way has been a little more amenable than what we have been experiencing!

I have a little inquiry of you. Monsanto's public affairs & scientific affairs folk asked whether C r i t i c a l  R e v i e w s  in  
T o x ic o lo g y  will be issuing a press release on the glyphosate papers recently accepted. If so, what does the press release 
entail?

Regards,

]\ iv i i f  J ' l i . P . .
Scenes Fei’Ovv
Novel Cnem stry 3 »,*••• •. r. a s ¡Wj, .•■ i .cad 
Toxcoiopy a rv i Ni,?' t T

This e-m-.il mtr-ss?•: ray contain privileqed and/or confidertia. information, ar.b is 
intended to be rccc.vcd only by pe-'sc.-.s entitled
r.c receive: s u c h  infer:: atror., If ycu h a v e  received this e-mail it. errer, please notify the 
sender immediately. Please terete it and
a.i attachments fret:, any server's, hard drives or any ether media. Other use *f this e- 
triaii ny you . a  stric.lv p r o i . ib "  ;ed.
Ail e-mails and attarlr.e1'ts sent and received are subject to monitor inc, resdino and 
archival 'ey Knr.sar.tc, in./ludinç its
subsidiaries. The rverprent cf this e-mail is solely responsible for checkin? for tr.e 
presence of "V:ruses" •. • v..:,s: "Malware".
Monsanto, « 1 :-n? with > • - subsidiaries, accepts no liability f o r  any damaje caused by any 
such code trar.sr : tteo c.y ,r accompanying 
this e-mail or ar.y at-semer.r.

The informal or. c.*r.rame? in this «mail may be subject tc the export control laws and 
regulations of the 'in .tec States, potentially
including but r.or .i-i-.ed to the Export Administration Regulations (EAF) and sanctions 
regulations issued by ”.S. Department cf
Treasury, Office c: tore.gn Asset Controls fOFAC). As a recipient cf this information 
ycu are obligated : c:-ply with all 
applicable exp :' ..tvs a.od regulations.
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Roger^McCleMan

From:
Sent:
To:
Subject:
Attachments:

SALTMIRAS. DAVID A [AG/1000] @monsanto.com>
Thursday, February 19, 2015 1:22 PM
roger.o.mcdellan
voli 1 2 -participants 
vol1 1 2 -participants.pdf

This • .... . rsay contain privi leseci and/or confidential information, and is
¡.'.•.ended f. o<r rece ven only by persons «rcitlcd
tc recei"e s . •> ? '• rma:. : or». If you have received this e-mail in error, ». ‘ ease notify the
sender :w.e i i a r . . P'.easo delete it anc
el : atteci • s r rea any servers, hard drives or any other media. Other use of this e- 
v.aa i by y is • t i.;* ly pzor.ibiteci.
All e-xai-s ano. it: a.-.meres sent ano received are subject to monitormo, reaciir.g and 
archival :.y including its
sussidiai:cc. - re ripieni of this e-mail is solely responsible for checking for m e  
presence • f "Viruses" or otn.er "Kaiwart".

r=,5" -1 , u • ; h its subsidiaries, accepts r. : lia.oiliiy for any damage caused by .v.y
such erne ti -;rsni : te.i by or accompanying 
this e-:ra .■ / attachment.

The informa- . co: taineo in this email ray be subject to the export control laws and 
regulate..:.? : : -.ve doited Stales, potentially
i n c l u d i n g  a.. : ■ :. l i m i t e d  to  the E x p o r t  Animi m a t  r a t i  or. R e g u la t io n s  (EAR) and s a n c t io n s
r e g u l a t i o n s  •«.* r i uy  the J . S .  Department o f
Treasury, .. re 71 Asset Controls <OFAO . As a : ec: p . ei • of this information
you are cfc' eaten *.t comply with all 
applicable e x p o r t  laws ar.d reauiatiens.

9

RM 000194

mailto:roger.o.mcclellan@att.net


Roger McClellan

From:
Sent:
To:
Ce:
Subject:

SALTMIRAS, DAVID A [AG/1000] @monsanto.com>
Thursday, February 19, 2015 8:36 PM 
Roger McClellan 
Larry Kier
Re: Greim et al. (2015) & Kier (2015) summaries, abstracts and sound bytes

Roger.

Thank you lor looping me into the conversation. The two summaries were initially prepared by our Scientific 
Affairs personnel. I completely understand and empathize with Larry's concerns on his paper’s "summary" as I 
had to prepare some significant rewording to ensure my paper’s summary was an accurate reflection o f  the 
work. I was remiss in not first routing this by Larry and my sincere apologies go out to him.

Larry, I would like to discuss further if  you are available tomorrow to see if  we can come up with acceptable 
summaries for both o f your recent publications, which you may be comfortable sharing with Roger.

Regards,

David

Sent from my iPhone

On Feb 19. 2 0 15, at 6:21 PM, "Roger McClellan" utt.net> wrote:

Larry:
What 1 forwarded to T and F (Charles Whalley) is what I received from David Saltmiras. I 

assumed you were in the loop on what had been developed at Monsanto. 1 suggest you get in 
touch ASAP with David. In the mean time I will ask T and F to let me review whatever they 
develop prior to its release. IF T and F does something to publicize the two papers I suspect it 
will be very brief.

Thanks for your input.
Roger

On Thursday. February 19, 2015 5:12 PM, Larry Kier wrote:

Dear Dr. McClellan (Roger):

I’m a little cautious about high levels o f publicity for the biomonitoring review and have 
concerns about some o f  the suggested publicity material.

I don’t know who wrote the “Summary” for my paper and certainly don’t want to offend them 
but it is not the way 1 would have worded it and 1 would personally not want this used to 
characterize my paper. I have a revision below but I don’t know whether these summaries are 
appropriate for publication authors:

Summary
to
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A recent review  exam ined  several studies that m easure dam age to the DMA (geno toxicity) in 
cells co llec ted  fro m  peop le  exposed  to pestic ides including glyphosate-based  herbicides. The 
author concluded  that these studies do nor indicate sign ifican t genotoxic risks to  hum ans from  
glyphosate-based  herbicides under norm al exposure conditions. These findings are consistent 
with an earlier review o f  an  extensive num ber o f  laboratory studies that indicated  little  
likelihood  o f  significant genotoxic risk or reaction with DMA under norm al exposure conditions.

I also don't think the “Sound bytes for social media” are accurately worded. They are way too 
absolute for niv taste and place undue emphasis on the strength o f the biomonitoring study 
data. Unfortunately. I can’t readily suggest alternatives that fit nicely into the “sound byte” 
format.

Frankly, the biomonitoring studies that arc informative for GBF exposure were few in number 
(arguably 5) and the robustness o f  the results is pretty low (not unexpected for biomonitoring 
studies). My conclusion, as stated, was that the limited data from biomonitoring studies do not 
contradict the much more extensive and robust data from experimental studies that suggest no 
significant genotoxic risk or DNA-reactive mechanism, especially under expected much lower 
actual real-world exposures compared to experimental exposures. I would personally place 
much more emphasis on the experimental study data but the Summary and particularly the 
“Sound bytes for social media” don't do this and place undue emphasis on the strength o f the 
biomonitoring data. This focus is understandable for publicity directed at the biomonitoring 
study but I still am not comfortable with this.

Please note that 1 believe this qualification applies particularly to the biomonitoring review and I 
support a stronger conclusion regarding low genotoxic risk from glyphosate and GBF’s based on 
the experimental study review.

Thanks very much for the communication and please let me know if 1 can be o f  further 
assistance.

Larry Kier

Front: Roger McClellan | |
Sent: Thursday. February I1),
To: Whallcy Charles
Cc: DAVID A (AG/1000) SALTMIRAS: Mildred; Claire: Roger McClellan; Larry Kier 
Subject: F\v: Greim et a). (2015) &  Kier (2015) summaries, abstracts and sound bytes

Publicity for Glyphosate Papers

Charles:

I spoke to David Salimiras today concerning the two Glyphosate papers that will be the lead 
papers in the next issue o f  Critical Reviews in Toxicology with regard to F and F putting out any 
publicity on these two papers. The e-mail below includes complete citations for the papers, 
abstracts and some information developed by Monsanto Company on the papers.

n
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As you may be aware, these papers have been forwarded to the International Agency for 
Research on Cancer (IARC) in Lyon, France. IARC at a meeting in early March w ill be 
considering the carcinogenic hazard classification of Glyphosate and some other phosphate 
containing agricultural chemicals. These papers will be a topic of discussion at that meeting. 
IARC will announce its carcinogenic hazard classification for all the chemical agents reviewed at 
the meeting, this will probably be done at a Press Conference on March 10. A brief paper 
describing the results of the meeting will also be published within a few weeks after the meeting 
concludes. A large Monograph documenting the review s w ill be published in early 2016.

As a bottom line the two papers published on line in C R T  are likely to attract some attention 
in the scientific and regulatory community and. possibly, by lay media. 1 am uncertain as to the 
policy of T  and F on publicizing articles published in Journals such as CR T . If T  and F is doing 
so , these two articles would be excellent candidates.

Please let me know your views on this matter and how you plan to proceed. Let me know if I 
can be assistance.

On a related matter, I am uncertain as to how T  and F would like to handle access to these 
two papers. 1 suspect that Monsanto w ould be interested in purchasing "open access" if that is an 
option.

Best regards,
Roger

On Thursday. February 19. 2015 1:16 PM. "SALTM1RAS, DAVID A [AG/1000|“
I«/ nitni<iinm.c(Wi> wrote:

Roger -  FYI on press releases.

Greim. H., I). Saltmiras, V. Mostert, and C'. Strupp. 2015. Evaluation of carcinogenic 
potential of the herbicide glyphosate, drawing on tumor incidence data from fourteen 
chronic/carcinogenicity rodent studies. Crit. Rev. Toxicol. In press

Summary: A new scientific publication examining 14 separate cancer studies in rats and mice 
conducted over the last several decades concludes that there is no evidence that glyphosate. the 
active ingredient in Roundup branded herbicides, causes cancer. The article, in Critical Reviews 
in Toxicology, evaluated the data from these long term studies to determine whether there were 
any patterns to suggest humans exposed to glyphosate would have any concern about developing 
cancer. Other scientifically relevant information such as expert regulator evaluations, human 
dietary exposures and epidemiological studies were also discussed. The clear and consistent view 
across over 30 years of relevant information continues to support the first expert opinions from 
the 1980’s, that glyphosate does not cause cancer.

Abstract: Glyphosate, an herbicidal derivative of the amino acid glycine, was introduced to 
agriculture in the 1970s. Glyphosate targets and blocks a plant metabolic pathway not found in 
animals, the shikimate pathway, required for the synthesis of aromatic amino acids in plants.
After almost forty years of commercial use. and multiple regulatory approvals including 
toxicology evaluations, literature reviews, and numerous human health risk assessments, the clear 
and consistent conclusions are that glyphosate is of low toxicological concern, and no concerns 
exist with respect to glyphosate use and cancer in humans. This manuscript discusses the basis for 
these conclusions. Most toxicological studies informing regulatory evaluations arc of commercial 
interest and are proprietary in nature. Given the widespread attention to this molecule, the authors 
gained access to carcinogenicity data submitted to regulatory agencies and present overviews of 
each study, followed by a weight of evidence evaluation of tumor incidence data. Fourteen
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carcinogenicity studies (nine rat and live mouse) are evaluated for their individual reliability, and 
select neoplasms are identified for further evaluation across the data base. The original tumor 
incidence data from study reports are presented in the online data supplement. There was no 
evidence of a carcinogenic effect related to glyphosale treatment. The lack of a plausible 
mechanism, along with published epidemiology studies, which fail to demonstrate clear, 
statistical!) significant, unbiased and non-con founded associations between glyphosale and 
cancer of any single etiology, and a compelling weight of evidence, support the conclusion that 
glyphosale does not present concern with respect to carcinogenic potential in humans.

Sound bytes for social media:
• New scientific review examines over 30 years of data, concludes glyphosale does 
not cause cancer in animals and poses no cancer risk to humans
• Over 30 years of data: no evidence that glyphosale causes cancer
• New glyphosale scientific review: over 30 years of data, demonstrates it does not 
cause cancer in animals and poses no cancer risk to humans

Kier, L . D. (2015). Review of Genotoxicity Biomonitoring Studies of Glyphosate-Based 
Formulations. Crit. Rev. Toxicol., in press

Summary: A recent review examined several studies that allege damage to the DNA in cells 
collected from people after self-reported exposures to glyphosate-based herbicides. The author 
concluded that there are no direct risks to human DNA under normal exposure conditions. These 
findings are consistent with an earlier review of an extensive number of laboratory studies that 
also demonstrated no direct effect on DNA. Taken together, these results confirm previous 
conclusions that glyphosate-based herbicides do not damage DNA in humans following real 
w'orld exposures.

Abstract: Human and environmental genotoxicity biomonitoring studies involving exposure to 
glyphosate-based formulations (GBFs) were reviewed to complement an earlier review of 
experimental genotoxicity studies of glyphosale and GBF’s (Kier and Kirkland, 2013). The 
environmental and many of the human biomonitoring studies were not informative because there 
was either a very- low frequency of GBF exposure or exposure to a large number of pesticides. 
One human biomoniloring study indicated no statistically significant correlation betw een 
frequency of GBF exposure reported for the last spraying season and oxidative DNA damage. 
Negative results for the lymphocyte cytokinesis-block micronucleus (CBMN) endpoint were 
observed in a second human monitoring study w ith exposure to several pesticides including GBF. 
There were three studies of human populations exposed to GBF aerial spraying. One study found 
increases for the CBMN endpoint but these increases did not correlate with self-reported spray 
exposure or application rates. A second study found increases for the blood cel) comet endpoint at 
high exposures causing toxicity. I lowever, a follow-up to this study two years after spraying did 
not indicate chromosomal effects. The results of the biomonitoring studies do not contradict an 
earlier conclusion derived from experimental genotoxicity studies that typical GBF’s do not 
appear to present significant genotoxie risk under norma] conditions of human or environmental 
exposures.

Sound bytes for social media:
• New' analysis of human data: glyphosate-based herbicides do not damage 
cellular DNA following realistic human exposures
• Human data: glyphosate-based herbicide following realistic human 
exposure not associated with DNA damage in human cells
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David Saltmiras. Ph D.. D.A.B.T.
Science Fellow
Novel Chemistry and Microbials Product Lead 
Toxicology and Nutrition Center 
Monsanto

This ~iT j.rssice may rental: privi leered and :r confidenti si information,
and i s  iti'.-r.d-i.i t c  co r e « t ’« 'a  : ~ t ' j  r y  s c i s e t i ?  a n t i* . ie  j
to receive such informar iur.. Tr you have received this e-mail in error,
please notify the sender :.r:r.e o: are, y. F.ease delete it and
ail attachments frerr any sai/ets, hard drives cr any ether media. Other use
of this e-mail by you is itritr.lv r.:cV hi r.ed.

All e-mails and attachments sent at 1 received are subject tc monitoring, 
reading and archival by Xcnsant., ■■cl :di:.q its
subsidiaries. The recipient : this e— at 1 is solely responsible. f:i checking 
fcr the. presence of "Vir..ses" . r . :.::vr "Malware".
Monsanto, along with its subsidiaries, accepts nc liability tor any damage 
caused by arty suer, tede transmitted ty :r accompanying 
this e-mail or ar:y attachment.

The information contai-ed in r.n.s
email may be subject to the exp . f c:r *rci laws ar.d regulations of the 
United States, potentia.1y
including but not limited tc the "sport Administration Regulations (EAR) and 
sanctions regulations issued by f -  "J.5. Department of
Treasury, O ff ic e  of Iforeicr. Asset iCFAC). As a recipient of this
information you are obligated ::r.r.y v:i tl ail 
applicable L'.i'. export laws ar.d regulations.

This e-irail messaye .may contain cr; . Irtvo: j.-.J cr torfidertial information, and is 
intended to be received only by pt'sen.-, or.t .tied
tc receive such information, rf you have received this e-mail in error, please notify the 
sender immediately. ?leis‘ cel-ace it aru
all attachments from any servers, hard or any other media. Other use of this e-

by you is strictly prohibited.
All e-nails and attachments ser.r ar.d reoe: •-i-v are subject to monitoring, reading and 
archival by Monsanto, including its
subsidiaries. The recipient o f this e-ma.. is solely responsible for checking for the 
presence cf "Viruses" or other "Malware".
Monsanto, along with its subsidiaries, arceu.s n c liability for any damage caused by any 
such code transmitted oy or accompanying 
this c-mail cr ar.y attachment.

The information contained in this er.ail -a. be suh-ect tc the export control laws and 
regulations of the United Stares, p-: tenti a'. . y
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including out r.ot limited t 
regulations issued by the U 
Treasury, r £ iee of Foreign 
you are obligated to comply 
srpli-taL.- - I . S . export laws

the Export Ad.Tir.is-m  
i. Depart-rent of 
Asset Controls (OFACi. 
M ic h  a l l  
a.-.d rocular o c t . s  .

PeguL & z i - ' r (FAx) ar.u sanctions 
a ’••:crp',e:.- or this information
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Roger McClellan

From: Larry Kier <^^J@ q.com >
Sent: Thursday, February 19, 2015 2:31 PM
To: Summerfield, Claire
Cc: Roger 0 . McLellan; Mildred B. Morgan
Subject: Revised Proof and Publication Process

Ref:

Journal: BTXC Critical Reviews in Toxicology 
M anuscript ID: 1010194
M anuscript Title: Review  o f  G enotoxicity Biomonitoring S tudies o f  G lyphosate-Based Formulations 

Dear Ms. Summerfield:

I was somewhat surprised to see that the above has appeared on the InformaHealthcare CRC website as an 
early online publication.

It was my understanding from an earlier email that I would see a revised proof on Monday. As far as I know 
this was not available and I sent an email inquiry yesterday but didn't receive a response.

When I now attempt to access the CATS system (http://cats.informa.com/PTS/go?t=rl&m=1010194) to see if 
the revised proof is there (it wasn't earlier this week) I somehow get redirected to the
https://slOO.copyright.com/ site. My CATS user name and password doesn't work on this copyright.com page.

I would please like to see a copy of the proof or publication of my article. In my Wednesday (yesterday) email 
I asked for another one word change (the word "detectable" on page 8  line 94 of the original proof be 
replaced with "significant"). I would please like this considered for the publication.

While I certainly understand and appreciate the need to process manuscripts into publications efficiently and 
rapidly I think that there may have been a communication gap in this case.

I would also appreciate information on publication charges (e.g. page charges) when convenient.

Thanks for your help.

Larry Kier
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RogerJMcCleMan

From: Larry Kier com>
Sent: Thursday, February 19, 2015 3:36 PM
To: Summerfield, Claire
Cc: Roger O. McLellan; Mildred B. Morgan
Subject: Publication Proof Revision

Ref:

J o u r n a l :  B T X C  Critical Reviews in Toxicology 
M a n u s c r i p t  I D :  1 0 1 0 1 9 4

M a n u s c r i p t  T i t l e :  R e v i e w  o f  G e n o t o x i c i t y  B i o m o n i t o r i n g  S t u d i e s  o f  G l y p h o s a t e - B a s e d  F o r m u l a t i o n s  

Dear Ms. Summerfield:

I just checked my other email account (author correspondence account) and found that a notice of publication and an 
email token was sent on February 17.

I have checked the publication with my proof corrections and all corrections were successfully made with one minor 
exception too minor to change now. I suspect that changing "detectable" to "significant" [Page 8 , right column, line 28) 
is not convenient now. Hopefully, this will not be a significant point.

Although I expected a revised proof on Monday I acknowledge the validity of all's well that ends well.

Thanks for your help and that of your team.

Larry Kier

a
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RogerJWcClellati

From: Larry Kier <^^H@q.com>
Sent: Friday, February 20, 2015 8:02 AM
To: 'Summerfield, Claire'
Cc: 'Roger O. McLellan'; 'Mildred B. Morgan'
Subject: RE: Publication Proof Revision

Claire,

Thanks for the note and there is no problem here. You guys did a great job of addressing the proof 
corrections.

If it's not too much trouble I would really appreciate the word change from "detectable" to "significant" [Page 
8 , right column, line 28 of the publication pdf: These results provide limited evidence for this indirect 
genotox,x mechanism not operating at a significant level in humans using GBFs ]. This is admittedly fussy on 
my part but having accurate and precise wording is important to me.

I did notice that the Greim et al. (2015) is still an "in press" citation in the References section so maybe this 
could be updated when appropriate citation information is available but I would certainly defer to you on 
whether that is appropriate or necessary.

Thanks again.

Larry Kier

From: ’ : H H H
Sent: Friday, February 20, 2015 3:2^ M  
To: Larry Kier
Cc: Roger 0 . McLellan; Mildred B. Morgan 
Subject: RE: Publication Proof Revision 
Importance: High

@ta ndf.co.uk]

Dear Larry (if I may).
Bless you, many thanks for your understanding.
I experienced some major changes in my working status on Monday and have been given some additional resources this 
week to ensure everything is running smoothly by Monday next week. Unfortunately/fortunately your article was one of 
the items that was prioritised because of its imminent inclusion in this month's issue.

Despite the minor amendment not being included in the online file, I am happy to make this amendment in the printed 
file and online issue files, should you so wish. *

I apologise once again for the confusion 
Kindest regards,

Claire

Claire Summerfield
Production Editor Journals 
Taylor & Francis
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Taylor & Francis Croup
ja intornta ;• rfinpss

4 Park Square Milton Park Abingdon. Oxon 0X14 4RN UK

New for 2015 Taylor & Francis Editing Services 
Helping you prepare your paper

This electronic message and ai contents transmitted with it a t e  confidential ano may oe privileged They are intencec solely for f  e acmtssee * ,-cu are not me intended 
recipient you are hereby notified that ary disclosure distribution copying or use cf this message or taking any action in reliance or the contents of * s strictly p'Ch citeo If 
you have received this electronic message in error please destroy it immediate -/ and notify the sender
Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954

From: Larry Kier [maHto^Hftaaxoni]
Sent: 19 February 2015 22-36
To: Summerfield, Claire
Cc: Roger 0 . McLellan; Mildred B. Morgan
Subject: Publication Proof Revision

Ref:

J o u r n a l :  B T X C  Critical Reviews in Toxicology 
M a n u s c r i p t  I D :  1 0 1 0 1 9 4

M a n u s c r i p t  T i t l e :  R e v i e w  o f  G e n o t o x i c i t y  B i o m o n i t o r i n g  S t u d i e s  o f  G l y p h o s a t e - B a s e d  F o r m u l a t i o n s  

Dear Ms. Summerfield:

I just checked my other email account (author correspondence account) and found that a notice of publication and an 
email token was sent on February 17.

I have checked the publication with my proof corrections and all corrections were successfully made with one minor 
exception too minor to change now. I suspect that changing "detectable" to "significant" [Page 8 , right column, line 28] 
is not convenient now. Hopefully, this will not be a significant point.

Although I expected a revised proof on Monday I acknowledge the validity of all's well that ends well.

Thanks for your help and that of your team.

Larry Kier
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Roger McClellan

From: SALTMIRAS, DAVID A [AG/1000]
Sent: Saturday, February 21, 2015 8:58 AM
To: Summerfield, Claire
Cc: roger.o.mcclellar^^^m
Subject: RE: BTXC 1003423 - Issue 3 Lead article

Claire,

l@ monsanto.com >

I have been very pleased our interactions throughout the editorial process and commend you on your acumen and 
diligence. Thank you for ensuring the corrections will be included in the final version.

Regards,

v u l P .A .J I T .

' e. ' >!•, and .Vi orProcuj-’ l ead 
Tw>. r»** 5 Ni Center

From: Summerfield, Claire [m a ilto ^ |[^ ^ ^ ^ ^ ^ |@ ta n d f.co.uk]
Sent: Friday, February 20, 2015 4:40 PM 
To: SALTMIRAS, DAVIDMAG/1000]
Cc: roger.o.mcclellarBBHBt
Subject: RE: BTXC 1003423 - Issue 3 Lead article

The proof was the revised proof from those corrections you sent via CATS only. I trust these were all fine. The 3 
additional ones will be included in the issue revises so as to be correct in the final issue. I will double check the 3 
corrections are in before proceeding with finalising the issue.

Kind regards,
Claire

Claire Summerfield
Production Editor. Journals 
Tayior & Francis

Taylor S* Francis Croup.1 tnltWMtyvftîM
4 Park Square Milton Park Abingdon Oxon 0X14 4RN. UK

New for 2015 Taylor & Francis Editing Services
Helping you prepare your paper
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Taylor & Francis is a trading name of Informa UK Limited, registered in England under no 1072954

From: SALTMIRAS, DAVID A [AG/1000] fmailto 
Sent: 19 February 2015 18:05 
To: Summerfield, Claire
Cc: roqer.o.mcclellan

k® monsanto.com ]

Subject: RE: BTXC 1003423 - Issue 3 Lead article

Clare.

I left you a voice message -  perhaps you sent me the wrong "final version"? None of the three items I 
mentioned in my last email on Saturday, below, were addressed.

Sorry I couldn't reply on Friday as I was out of town and couldn't manage to review/respond on my phone. I 
have three small corrections.

1. Page 4, Table 1, line 16, c o lu m n  2 , c h a n g e  "197" to "300"
2. An essential rewording on page 17, lines 57-68. Please change from "unrelated to treatment" to 

"inconclusive but unrelated to treatment in the context of similar higher dosed studies"
3. Page 23, line 39. Please change the year (2013c) to (2015c).

Many Thanks,

■JkiVhl > u/im ir,)v r i i . n ,  V .  I . J I  J .
Sc.c'i.c FeV-
N ; f  f .• •„ •• <*';* ..j s f  ■ Lean
To- :v sec Nut" rr Ontei

Sent: Friday, February 13, 2015 9:30 AM 
To: SALTMIRAS, DAVID A [AG/1000]
Subject: BTXC: Issue 3 Lead article - final confirmation 
Importance: High

Dear Author,
As you know your article is going to be the lead in the next issue of BTXC. I am about to send it off for 
issue revises but wanted to send you this last version in case there is anything minor to amend prior to 
final files. If you can e-mail me by REPLY email, I will double check my inbox prior to requesting final 
files.

Claire Summerfield
Production Editor. Journals 
Taylor & Francis

Claire,

From: Summerfield, Claire fmailto ptandf.co.ukl
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Taylor & Francis Group
j '  ntivn« r■ rv.'n v.

4 Park Square Milton Park Abingdon. Oxon. 0X14 4RN UK

Taylor & Francis Editing Services
Helping you prepare your paper

This eiec! on e  message and all contents transmitted with n  are confidential and may be privileged They are "tenced solely fo« the aso'essee if you 
■J v  not the intended recipient you arc hereby nct'fed :ha: any disc osure d-str-buton copy ng or use of this message or toK.ng ary action r  'elia^ce 
on the contents of il is stnctiy prohibited. if you have recen/eo th s electronic message in erro* crease destroy it immediately and notify the sender
Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954

Ih iv i, I s a il m in is . I’ f i . l ’).. JhV JS . T.
S:. c-'ir r ello-.v
Ne-.*. C^enrstr/ ana Mtcrco-als Product teso 
Tc/'Co‘ogv and Nutrition Cents-
or-

Fiom: •
Sent: Thursday, February 19, 2015 4:18 AM 
To: SALTMIRAS, DAVID A [AG/1000]
Cc: Summerfield, Claire
Subject: RE: BTXC 1003423 - Issue 3 Lead article 
Importance: High

Please find the final proof for final confirmation ©

Claire Summerfield
Production Editor. Journals 
Taylor & Francis

Taylor & Francis Group
aft irtoritw  rv iv /rv

4 Pad* Square. Milton Par*. Abingdor. Oxon. 0X14 4RN UK

Direct
co uk

com

New for 2015 Taylor & Francis Editing Services 
Helping you prepare your paper
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This electronic metsaije anc a-i rontants transmitted v/ith <t <*ie ccnfuieorai ard may be privileged They *re intended *©l«Hy ’ e y  tne aac'essee if vou 
arc rot me intended recipient you a»e heieby not̂ ed thal any disclosure dittnbution copying o' use of this 'nessage or taking any acton m reliance 
on tr-e contents o? it >s slriciy proh cited I* you nave received thu electron c message in enoi p ease destroy it immediately, ana notify the se^dei
Taylor & Francis is a trading name of Informa UK Limited registered in England under no 1072954

Fro m : ‘ A. ‘-IIPAS, DAVID A - ■■ ’
Sent: 18 February 2015 14:57
To: Summerfield, Claire
Subject: BTXC 1003423 - Issue 3 Lead article

HI Claire,

I'm just following up to make sure you received my final three comments over the weekend. Do you 
have an ETA for Incorporation of these small changes and online posting?

Thanks,

/A iv i .f  I ' l i ) ) . .
Science Feiiovv
Hove) Cnemistrv jr'd Miorop<a s r - c i v  .ea-J 
Tokico ogy and Nui'iS:-* Canter 
V’
oh I

T h i s  p - m a i l  message it,ay c o n t a in  p r i v i l e g e d  and /o r  c o n f i d e n t i a l  in f c r n s r . io n ,
and i s  in te n d e d  t o  be r e c e iv e d  c n l y  by p e rso n s  e n t i t l e d
to  r e c e i v e  such i n i c l .t a t i o n . i f  you have r e c e iv e d  t h i s  e - m a i l  ir. e r r o r ,
p le a s e  .n o t i f y  the sender  im m e d ia te ly .  P le a s e  d e l e t e  i t  and
= ' . a t ta ch m e n ts  from any s e r v e r s ,  hr.re ¡ r i v e s  o r  ar.y o t h e r  m edia .  Ocher use
a f  t h i s  e-tna ■ : t r  c ty  ] e d .

A i l  e - n a i l s  and a tta c h m e n ts  =er,r. ana r e c e iv e d  a rc  s u b j e c t  t o  m o n it o r in g ,  
r e a d in g  and a r c h i v e .  by M onsanto, i n c l u d i n g  i r s
s u b s i d i a r i e s .  The r e c i p i e n t  o f  t h i s  e - m a i l  i s  s o l e l y  r e s n c r . s io l e  fo r  ch e ck in g  
f o r  the p re s e n c e  o f  " V i r u s e s "  nr  •fther "H a ’ w a r e " .
Kor.santo, a lo n g  w ith  i t s  s u b s i d i a r i e s ,  a c c e p ts  r.o l i a b i l i t y  f o r  any damage 
caused  by any suen code t r a n s m i t t e d  by or  accompanying  
t h i s  e - m a i l  o r  any a tta ch m e n t.

The in fo r m a t io n  c o n ta in e r ,  ir. t h i s  e m a i l  .may he s u b j e c t  t o  th e  e x p e r t  c o n t r o l  
laws and r e g u l a t i o n s  o f  the. U n it e d  S t a t e s ,  p o t e n t i a l l y
i n c l u d i n g  b_ t  not l im i t e c .  t o  ¡.he E x p o rt  A d m i n i s t r a t i o n  R e g u la t io n s  (EAP.) and 
s a n c t i o n s  r e g u l a t i o n s  i s s u e s  by  the j . 3 .  Per.- aromer.t ot
T re a s u r y ,  O f f i c e  c f  F o re ig n  A s s e t  C o n t r o ls  (CFAO). As a t e c i p i e n t  o f  t h i s  
in f o r m a t io n  you a rc  o b l i g a t e d  t o  com ely  w ith  a l l  
a p p l i c a b l e  V . S .  e x p o r t  laws and r e g u l a t i o n s .

T h i s  e - m a i l  message may c e r t a i n  p r i v i l e g e d  and/or c o n f i d e n t i a l  in f o r m a t io n ,  and i s  
in t e n d e d  to  be r e c e i v e d  o n l y  by p e r s o n s  e n t i t l e d
to  r e c e i v e  such i n f o r m a t io n .  I f  you have r e c e iv e d  e f t s  e - m a i l  Ir, e r r o r ,  p le a s e  
n o t i f y  the  sender im m e d ia te ly .  P le a s e  d e l e t e  i t  anc
a l l  a tta chm e n ts  from any s e r v e r s ,  h a r d  d r i v e s  o r  any o t h e r  m edia .  Other use o f  t h i s  
e - m a i l  by you i s  s t r i c t l y  p r o h i b i t e d .
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n i l e-mails and attachments sent and received are subject to monitoring, reading 
and archival by Mor.s-¡r.r.c, including its
subsidiaries. 7:ie recipient of this e-mail is solely responsible for checking i'i 
the presence "Viruses" or other "Malware".
Monsanto, along with its subsidiaries, accepts no liability 1 0 1 any damage caused 
by ary such An transmit-.id by or accompanying 
this e-mai- or any attachment.

The information contained in mis email may be subject to the expert control laws 
and seen;! at ions cf the united Stat.es, potentially
including but net limited to the Export Administration Regulations (EA?) ar.d 
sanctions regulations issued by the U.S. Department of
Treasury, Office :f foreign Asset Controls (OFACj. As a recipient of this 
inf c mat 1 0:. you arc obligated tc comedy with all 
applicable U.S. export, laws and regulations.

This e-mail message may contain privileged and/or confidential information, and is 
intended tc be received only by persons entitled

......  format . / o . hare received this e-mail in error, please notify the
ser.aer immediately. Please delete it and
all attachments frorr any servers, hard drives or any other media, ether use cf this e
mail by you is strictly prohibited.
All e-mails and attachments sent and received are subject tc monitoring, reading and 
archival by Monsanto, including its
subsidiaries. The recipient cf this e-nail is solely responsible for checking -or r.he 
presence of "Viruses" or other "Maiware".
Monsanto, along with it? subsidiaries, accepts no liability for any damage caused r-y a r . j  
such code transmitted by or accompanying 
this c-nail or any attachment.

The information contained is tnls email may be subject to the export control laws and 
regulations cf the United States, potentially
including but not 1 lire ted tc the Export Administration Regulations (EAR) ar.d sanctions 
regulations issued by the U.S. Department cf
Treasury, Office cf Foreign Asset Controls (Of'AC). As 3 recipient cf this information 
you are obligated tc comply with all 
applicable U.S. expert laws ar.d regulations.
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R o g er M cC le llan

From: Guenqerich, Frederick P <^^^^^^B(S'Vanderbilt.Edu>
Sent: Sunday. February 22, 2015 1:18 PM
To: Roger McClellan
Cc: Larry Kier; Whalley Charles: Mildred, Herman Bolt, Russell, David Dorman; Gunnar 

Johanson; David Warheit; Shuji Tsuda
Subject: Re' Review Publication Concerns

Good points. Roger. Thanks for sharing. Fred

Un Feb 22. 2015, at 1:07 PM, Roger McClellan m  atl.net> wrote:

Larry:
You make a number o f important points in your letter. It is critical that all o f us (authors, co

authors, editors, reviewers and publishers) who are involved with the publication o f  scientific 
papers adhere to several key principles to protect the confidential nature o f  the process.

First, it is critical that the peer review process be anonymous with all aspects treated with 
the highest degree o f  confidentiality. It is important that the names of reviewers and review 
comments not be released under any circumstances. In my opinion, a break down in 
confidentiality would do irreparable harm to the scientific process. In that vein, I have tiled 
document attesting to my position in a court case where lawyers were attempting to gain access 
to peer review comments related to a publication in another scientific journal.

Second, it is important to recognize the responsibility o f  the Editor in selecting peer 
reviewers for any paper. As a matter o f  routine, I provide authors the opportunity to propose 
potential review-el's. For me, this is just the starting point. I read the paper and give particular 
attention to papers that are reviewed to identify potential reviewers. 1 also use my own 
knowledge o f  the subject matter to identify potential reviewers w ho will focus on the science 
being reviewed absent any particular ideological orientation or bias. At the end o f the process I 
recognize my substantial responsibility as an Editor to select a final slate o f  reviewers. Moreover, 
when review comments are returned I use them to help guide my decision on accept, revise or 
reject AND. most importantly, convey the comments to authors in an
anonymous manner anticipating that attention to the comments will help the authors revise and 
further improve the paper thereby enhancing its value to the scientific community and Society at 
large.

Again, thanks for your comments and for allowing me to elaborate on them. Because o f  the 
importance o f  this exchange I am forwarding a copy o f your letter and my response with 
members o f  the CRT Editorial Advisory Board and Charles Whalley. Managing Editor, 
Medicine and Health Science Journals, Taylor and Francis Group, Oxford , England. I am 
confident that Mr Whalley and Taylor and Francis , as a Publisher, share my views as to the 
importance o f  maintaining the confidential nature o f  the peer review' process and that T and F 
will resist any attempts to breach the process.
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With best regards. 
Roger

Roger O. McClellan, Editor 
Critical Reviews in Toxicology

On Saturday, February 21, 2015 11:51 AM, Larry Kier com> wrote:

Dear Editor McClellan:

Hopefully this communication won't be considered too presumptuous or a waste of your time. It 
certainly isn't intended as such.

A recent article in Science (“ Agricultural researchers rattled by demands for documents". Science. 13 
February 2015, p. 699.) indicates an aggressive campaign by a nonprofit organization to discredit 
academic scientists by demanding documentation of their interactions with industry.

Given the aggressive nature of this campaign I wonder i f  such organizations might consider a tactic of 
taking legal actions against authors, sponsors, editors and publishers of publications that represent 
industrial products as being of low risk where the authors) have industry connections.

While anonymous scientific peer review could represent a reasonable defense against accusations of 
improper bias I wonder i f  such legal actions could eventually include demands for legal discovery of the 
identities of the reviewers and the contents of their reviews. O f course, this is speculation and I am 
certainly not an attorney but I did want to bring this to your attention.

These concerns prompted me to think about and offer a specific example and generic suggestion. I could 
have suggested the three first authors (Bologncsi, Paz-v-Mino and Koureas) of the five informative papers 
on G BF biomonitoring results as potential reviewers of the G BF gcnotoxicity biomonitoring review 
manuscript. This simply didn't occur to me at the time and these particular individuals may not have 
agreed or been appropriately responsive but considering this as a generic approach may be useful.

The concept of considering significant primary publication authors as potential reviewers for a review 
publication seems to be a worthwhile suggestion. This could address bias issues for reviews, especially if  
authors of the primary review papers might have different affiliations, interpretations and conclusions 
than the authors of the review manuscript. The primary paper authors would have a chance to have their 
viewpoints considered by the review authors and editor as reviewer comments.

Thanks.

Larry Kier

F. Peter Guengerich, Ph. D.
Tadashi Inagami Professor of Biochemistry 
Department of Biochemistry 
Vanderbilt University School of Medicine 
638 Robinson Research Bldg 
2200 Pierce Avenue
Nashville, TN 37232-0146 
Telephone 
FAX _
E-maiF Bvanderbilt edj
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Roqer^McCleUari

From: SALTMIRAS, DAVID A [AG/1000)
Sent: Wednesday, February 25, 2015 5:30 PM
To: Summerfield, Claire
Cc: roger.o.mcdellanfS^^^
Subject: FW: BTXC 1003423 - Issue 3 Lead article

Hello Claire,

l;E> rnonsanto.com >

Do you know when we can expect the glyphosate carcinogenicity manuscript to be available online this week?

Cheers,

P avh l J ’ii.2)., 'V.A.V.T.
Science Fei'Civ
Nove1 Chemsry ana M e 
Toxicology and Nut .:or

rrobiais- P'ojuc: 
Center

Leaci

From: SALTMIRAS, DAVID A [AG/1000]
Sent: Saturday, February 21, 2015 9:58 AM
To: 'Summerfield, Claire*_____
Cc: roger.o.mcclellanig^^^
Subject: RE: BTXC 1003423 - Issue 3 Lead article

Claire,

I have been very pleased our interactions throughout the editorial process and commend you on your acumen and 
diligence. Thank you for ensuring the corrections will be included in the final version.

Regards,

V tiv i.iSu liim ras. Tii V .. V .. VH.T. 
Science Fellow
Novei Cnen-.istry arid fvl;c:obi«ils P'tcuci leap 
Tox.cciogy ana Nctnt on Cener 
Monsanto

From: Summerfield, Claire [rn a ilto ^ ^ ^ ^ ^ ^ ^ ^ ^ jM sn d fa jJJ},j 
Sent: Friday, February 20, 2015 4:40 PM 
To: SALTMIRAS, DAVIDa VaG/IOOO]
Cc: roQer.o.mcclellania^^ J
Subject: RE: BTXC 1003423 - Issue 3 Lead article

The proof was the revised proof from those corrections you sent via CATS only. I trust these were all fine. The 3 
additional ones will be included in the issue revises so as to be correct in the final issue. I will double check the 3 
corrections are in before proceeding with finalising the issue.

Kind regards,
Claire
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Claire Sumtnerfield
Production Editor. Journals 
Taylor & Francis

Taylor & Francis Croup
4.1 •r.Ut'fl'*

4 Park Square. Milton Park Abingdon Oxor.. 0X14 4RN UK

www lancfonlire corn

New for 2015 Taylor & Francis Editing Services 
Helping you prepare your paper

This electronic message ana ail contents transmitted w<th it are confidential and may oe privileged They a’e intended solely for the addressee If you are net the 
intended recipient you are hereby notified th3t any d«sctcsure distribution copying or use of this message or taxing ary actio-- ;n reliance cn the contents ofit is 
strictly prohibited If you have received this electronic message in error please destroy it immediately, and notify the ser-der
Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954

From: SALTMIRAS, DAVID A [AG/1000] rmailto| 
Sent: 19 February 2015 18:05
To: Summerfield, Claire______
Cc: roQer.o.mcclellan(5M^ J
Subject: RE: BTXC 1003423 - Issue 3 Lead article

|c 'm o n santo.com1

Clare,

I left you a voice message -  perhaps you sent me the wrong "final version"? None of the three items I 
mentioned in my last email on Saturday, below, were addressed.

Claire,

Sorry I couldn't reply on Friday as i was out of town and couldn't manage to review/respond on my phone. I 
have three small corrections.

1. Page 4, Table 1, line 16, column 2, change "197” to "300"
2. An essential rewording on page 17, lines 57-68. Please change from "unrelated lo treatment" to 

"inconclusive but unrelated to treatment in the context of similar higher dosed studies"
3. Page 23, line 39. Please change the year (2013c) to (2015c).

Many Thanks,

Sc-ence Fellow
Neve1 C h e n - a n a  Microniais Prcouct Lead 
Toxico ooy ana Nutrition Center

2 2
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F ro m : Summerfield, Claire [ma ..-]
Sent: Friday, February 13, 2015 9:30 AM 
To: SALTMIRAS, DAVID A [AG/1000]
Subject: BTXC: Issue 3 Lead article - final confirmation 
Importance: High

Dear Author,
As you know your article is going to be the lead in the next issue of BTXC. I am about to send it off for 
issue revises but wanted to send you this last version in case there Is anything minor to amend prior to 
final files. If you can e-mail me by REPLY email, I will double check my inbox prior to requesting final 
files.

Claire Summerfield
Production Editor Journals 
Taylor & Francis

Taylor & Francis Croup
j-  inlom x rVrf<Vi\

4 Pask Square Milton Park Abingdon Oxon. 0X14 4RN UK

New for 2015 Taylor & Francis Editing Services 
Helping you prepare your paper

Th.f electronic message and all cements transmitted with it are confidential and may be envilegee They are intended solely tor ko  addressee if you 
are rot the intended recipient, you a-« hereby notified tnat any disclosure, distribution copying or use of this message or taking any action m reliance 
on the contents of it is strictly prohibited If you have received this electronic message n erroi p ease destroy it immediately, a rc  notify the sender
Taylor & Francis is a trading name of Intorma UK Limited, registered in England under no. 1072954

SiUiiiW'th. J’li.V.. V  :\.I'. J.
St ~ 'Té r£ ys
'■ir - '  "v t  î ‘ 7  gnd M>cf9bis<s P'ocuct Lead 
’ : : . -, J.- grid Ni.’.f*cn C«nte<

From: Summerfield, Claire [m a ito ^ lH l^ ^ ^ ^ ^ ^ ta n d L c a jjk ]  
Sent: Thursday, February 19, 2 0 1 ^ ? 1 ^ \ ^
To: SALTMIRAS, DAVID A [AG/1000]
Cc: Summerfield, Claire
Subject: RE: BTXC 1003423 - Issue 3 Lead article 
Importance: High

Please find the final proof for final confirmation iS
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Claire Summerfield
Production Editor. Journals 
Taylor & Francis

Taylor & Francis Croup
an mkmitt f* »».ryv.

4 Park Square. Milton Park Abingdon. Oxon. 0X14 4RN UK

New for 2015
v- ¿ g  Q

Taylor & Francis Editing Services 
Helping you prepare your paper

This electronic message and all contents trahtmittad *ith it are confidential ano may oe pt:v>>6g%d They are irrendad so'elv ter the sdC'essee it you 
are not the intended reopienl you are hereby rented that any d.sc-osu'e 2<»Uibuticn copying of use of this message oi fating any ac*.*&n in re iance 
on th« contents of it is st/rctly prohibited If you nave received this electionc message n  error o ease destroy t immediate y a'-a -otify the senoe*
Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954

From: SALTMIRAS, DAVID A [AG/1000] fmailto 
Sent: 18 February 2015 14:57 
To: Summerfield, Claire 
Subject: BTXC 1003423 - Issue 3 Lead article

Hi Claire,

I’m just following up to make sure you received my final three comments over the weekend. Do you 
have an ETA for incorporation of these small changes and online posting?

Thanks,

I S m o n s a n :  ; cor-']

Salt m ira i . J ‘li.i).. J i  .  V Jt. T.
Scloncv; Fftî'cw
Nove Ct**,n svy  and 1/.cicca :« pro5ui* Leas 
Toa CC'CSv anti Nutrition C eric i

This message may contain privileged and/or cor:icento«»! .n::rm.a-. -,
ano is intended t:. be received or.ly by p e r s o n s entitle*
on receive such information. If you have received this e-r.si. c::
please notify tr.e sender immediately. ?loase oeletc it 3r.d
aii attachments from any servers, hard drives or ar.y other r.eora. Ithcr use
of this e-mail by you is strictly prohibited.
All e-mails and attachments sent and received are subject to xcr.:tore: g, 
reading and archival by Monsanto, including cts
subsidiaries. The recipient of this e-mail is solely responsible f:r chat king 
for the presence of "Viruses" or other "Malware".
Monsanto, along with its subsidiaries, accepts no liability f-_: a:., da age 
caused by any such code transmitted by or accompanying 
this e-rail or ar.y attachment.
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The ir.fcrm̂ T.ior. cent a7r.uc r. r;■ is ¿mail ray ee subject to fr.f export. nf.cj! 
lavs and regulation.- of the- Jr.ited States, potentially
incli.ci.no but net _is>: ted to the Export Administration Seguiattsns (FAR) ini 
sanctions regulations Isstw.d my the 0. S. Department of 

■ • : , if iC< ! • ' S (CFA . .
informattcr you are obligated to comply witrt all 
applicable V.E. “xr-'.rt laws ate regulations.

this e-matl message nay ccntain privi-eced and/or cor.fiilfcr.cial i nf ornat ic.n, ant is 
intended to be receives e:.iy by persons entitled
* -i receive such information, ff you have received this e-mail . .1 error, please 
notify the sender immediately. P.easc delete it ar.1
all attachments from any servers, tarn drives or any other media. Ocher use cf tnis 
e-maii by you is strictly prchirrted.
Ail e-mails and attachments sent and received axe subject to morleering, reading 
and archival by Mor.aar.f;, including -ts
subsidiaries. The recipient or hltl» e-mail is scleiy responsible ter checking fof 
the presence of "Viruses" or other "Malware".
Xcnsar.ro, along with its subsidiaries, accepts r.o liability for any damage caused 
by any such code transmitted by or accompanying 
mi.« e-mail or any attachment.

The information contained in this email may be subject 
and regulations or r.r.e United States, potentially 
including nut not limited to the Export Administration 
sanctions regulations issued by the U.S. Department of 
Treasury, Office of Foreign Asset Controls (OFAC). As 
information you art obligated to comply with all 
.trpi icar.la (J.S. expert Jaws and regulations.

to the expert control 
Regulations (EAF) and 
a recipient of this

i aws

This e-mail message ray contain privileged and/or confidential information, ar.d is 
intended to be received only by persons entitled
to receive sjch information. If you have re re; red this e-mail it error, please notify the 
sender immediately. Please delete it and
ail attachme'v « from any servers, hara drives or any ether media. Other use of this >—  
mail by you is strictly prohibited.
All e-ma-ie ar.i attachments sent, and received are subject, to monitoring, reading ana 
archival cy Monsanto, including its
subsid: . . The recipient cf this e-mail is solely responsible for checking for the
presence r.f "Viruses" or other "Malware".
Monsanto, along with its subsidiaries, accepts r.c liability for any damage caused by any 
such code transmitted by or accompanying 
this e-mail or any attachment.

Tne information contained 
regulations cf the United 
including but not limited 
regulations issued by the

in this email may be subject to the expert control 
States, potentially
tc the Export Administration Regulations (SAP.) and 
"J.S. Department -of

'aws and 
sanctions
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Roger McClellan

From:
Sent:
To:
Subject:

Whalley, Charles |@tandf co.uk>
Tuesday, February 24, 2015 12:32 PM 
Roger McClellan
RE: Greim et al. (2015) & Kier (2015) summaries, abstracts and sound bytes

Dear Roger,

Thank you for this. T&F's policy on publicising individual articles is, in short, that we're very much in favour! I'll discuss 
with my Marketing team. As for Open Access, we'll see if we can come up with a price for the authors. We're currently 
working on revising OA policy across all of the former Informa Healthcare journals, including your journal, so there's 
more to come on this point.

Best wishes,
Charles

From: Roger McClellan [m a ilto :^ ^ ^ ^ ^ ^ ^ |@ att.net]
Sent: 19 February 2015 22:43 
To: Whalley, Charles
Cc: DAVID A (AG/1000) SALTMIRAS; Mildred; Summerfield, Claire; Roger McClellan; Larry Kier 
Subject: Fw: Greim et al. (2015) & Kier (2015) summaries, abstracts and sound bytes

Publicity for Glyphosate Papers

Charles:

I spoke to David Saltmiras today concerning the two Glyphosate papers that will be the lead 
papers in the next issue of Critical Reviews in Toxicology with regard to F and F putting out any 
publicity on these two papers. The e-mail below includes complete citations for the papers, abstracts 
and some information developed by Monsanto Company on the papers.

As you may be aware, these papers have been forwarded to the International Agency for 
Research on Cancer (IARC) in Lyon, France. IARC at a meeting in early March will be considering 
the carcinogenic hazard classification of Glyphosate and some other phosphate containing 
agricultural chemicals. These papers will be a topic of discussion at that meeting. IARC will 
announce its carcinogenic hazard classification for all the chemical agents reviewed at the meeting, 
this will probably be done at a Press Conference on March 10. A brief paper describing the results of 
the meeting will also be published within a few weeks after the meeting concludes. A large 
Monograph documenting the reviews will be published in early 2016.

As a bottom line the two papers published on line in CRT are likely to attract some attention in 
the scientific and regulatory community and, possibly, by lay media. I am uncertain as to the policy of 
T and F on publicizing articles published in Journals such as CRT If T and F is doing so , these two 
articles would be excellent candidates.

Please let me know your views on this matter and how you plan to proceed. Let me know if I can 
be assistance.

i
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On a related matter, I am uncertain as to how T and F would like to handle access to these two 
papers. I suspect that Monsanto would be interested in purchasing "open access" if that is an option

Best regards,
Roger

On Thursday. February 19, 2015 1.16 PM. "SALTMIRAS, DAVID A [AG/1000]" < J J J J U @ m onsanto  coni> 
wrote:

Roger -  FYI on press releases.
Greim, H., D. Saltmiras, V. Mostert, and C. Strupp. 2015. Evaluation of carcinogenic 
potential of the herbicide glyphosate, drawing on tumor incidence data from fourteen 
chronic/carcinogenicity rodent studies. Crit. Rev. Toxicol. In press
Summary: A new scientific publication examining 14 separate cancer studies in rats and mice 
conducted over the last several decades concludes that there is no evidence that glyphosate, 
the active ingredient in Roundup branded herbicides, causes cancer. The article, in Critical 
Reviews in Toxicology, evaluated the data from these long term studies to determine whether 
there were any patterns to suggest humans exposed to glyphosate would have any concern 
about developing cancer. Other scientifically relevant information such as expert regulator 
evaluations, human dietary exposures and epidemiological studies were also discussed The 
clear and consistent view across over 30 years of relevant information continues to support the 
first expert opinions from the 1980's, that glyphosate does not cause cancer.
Abstract: Glyphosate. an herbicidal derivative of the amino acid glycine, was introduced to 
agriculture in the 1970s. Glyphosate targets and blocks a plant metabolic pathway not found in 
animals, the shikimate pathway, required for the synthesis of aromatic amino acids in plants. 
After almost forty years of commercial use, and multiple regulatory approvals including 
toxicology evaluations, literature reviews, and numerous human health risk assessments, the 
clear and consistent conclusions are that glyphosate is of low toxicological concern, and no 
concerns exist with respect to glyphosate use and cancer in humans. This manuscript discusses 
the basis for these conclusions. Most toxicological studies informing regulatory evaluations are 
of commercial interest and are proprietary in nature. Given the widespread attention to this 
molecule, the authors gained access to carcinogenicity data submitted to regulatory agencies 
and present overviews of each study, followed by a weight of evidence evaluation of tumor 
incidence data. Fourteen carcinogenicity studies (nine rat and five mouse) are evaluated for 
their individual reliability, and select neoplasms are identified for further evaluation across the 
data base. The original tumor incidence data from study reports are presented in the online data 
supplement. There was no evidence of a carcinogenic effect related to glyphosate treatment. 
The lack of a plausible mechanism, along with published epidemiology studies, which fail to 
demonstrate clear, statistically significant, unbiased and non-confounded associations between 
glyphosate and cancer of any single etiology, and a compelling weight of evidence, support the 
conclusion that glyphosate does not present concern with respect to carcinogenic potential in 
humans.
Sound bytes for social media:

• New scientific review examines over 30 years of data, concludes 
glyphosate does not cause cancer in animals and poses no cancer risk to 
humans
• Over 30 years of data: no evidence that glyphosate causes cancer
• New glyphosate scientific review: over 30 years of data, demonstrates it 
does not cause cancer in animals and poses no cancer risk to humans

2
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Kier, L. D. (2015). Review of Genotoxicity Biomonitoring Studies of Glyphosate-Based 
Formulations. Crit. Rev. Toxicol., in press

Summary: A recent review examined several studies that allege damage to the DNA in cells 
collected from people after self-reported exposures to glyphosate-based herbicides. The author 
concluded that there are no direct risks to human DNA under normal exposure conditions. 
These findings are consistent with an earlier review of an extensive number of laboratory 
studies that also demonstrated no direct effect on DNA. Taken together, these results confirm 
previous conclusions that glyphosate-based herbicides do not damage DNA in humans 
following real world exposures.
Abstract: Human and environmental genotoxicity biomonitoring studies involving exposure to 
glyphosate-based formulations (GBFs) were reviewed to complement an earlier review of 
experimental genotoxicity studies of glyphosate and GBF’s (Kier and Kirkland, 2013) The 
environmental and many of the human biomonitoring studies were not informative because 
there was either a very low frequency of GBF exposure or exposure to a large number of 
pesticides. One human biomonitoring study indicated no statistically significant correlation 
between frequency of GBF exposure reported for the last spraying season and oxidative DNA 
damage. Negative results for the lymphocyte cytokinesis-block micronucleus (CBMN) endpoint 
were observed in a second human monitoring study with exposure to several pesticides 
including GBF. There were three studies of human populations exposed to GBF aerial 
spraying. One study found increases for the CBMN endpoint but these increases did not 
correlate with self-reported spray exposure or application rates. A second study found increases 
for the blood cell comet endpoint at high exposures causing toxicity. However, a follow-up to this 
study two years after spraying did not indicate chromosomal effects. The results of the 
biomonitoring studies do not contradict an earlier conclusion derived from experimental 
genotoxicity studies that typical GBF's do not appear to present significant genotoxic risk under 
normal conditions of human or environmental exposures.

Sound bytes for social media:
• New analysis of human data: glyphosate-based herbicides do not 
damage cellular DNA following realistic human exposures
• Human data: glyphosate-based herbicide following realistic human 
exposure not associated with DNA damage in human cells
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subsidrar ies. The recipient of this e-mail is so_e;y responsible for checking r'-: r t ne 
pr-sence cf "Viruses" or ether '".-jalware".
Monsanto, along with its subsidiaries, accepts no liability fox ary cartage caused by a ry  
such c: ie transmitted by m  accompanying 
this e . - : r a i l  •:: any attachment.

The ir.fcrrriatior ccntair.ec. in this etaix may be subject to  the export c c r . t a  as nrr. 
racuiati >r.9 cf  •::> United States, potentially
inriu iir.g but net limited ~.r. the Expert Adninistrat::t Regularicr.s (EAR) ar.ri sar.cf ims 
reg u snor.s issued kv trie i'.S. Department cr
1 : .ry. Office tf Foreign Asset Cc:.-.t:;ls : V:'AC> . As a : • ; ' Ol this rr.it r
you % -r obligated tc comply with all 
applicable i.S. expert laws and regulations.
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R o g er M cC le llan

From:
Sent:
To:
Subject:

Roger McClellan net>
Monday, July 27, 2015 2:28 PM 
Mildred B. Morgan
Fw Follow up questions on CRT manuscript "Evaluation of Carcinogenic Potential of the 
Herbicide Glyphosate, Drawing on Tumor Incidence Data from Fourteen 
Chronic/Carcinogenicity Rodent Studies"?

On Monday, July 27. 2015 3 50 PM, "SALTMIRAS. DAVID A [AG/1000]" @monsanto.com> wrote:

Hi Roger.

1 hope this note finds you well in the absence o f  the humidity we face here in St Louis. I have a lew follow up 
inquiries regarding the glyphosate in vivo cancer data review manuscript published several months ago in CRT, 
which I coauthored.

1. I have had a number o f requests for this paper. Is there a way to pay to have this changed to “open 
access”? This wasn't a clear option when submitting, perhaps due to something with the change of publisher 
from Informa to Taylor & Francis, or more likely, ineptitude on my part. If open access is not an option, how 
may 1 order author copies for me to distribute? I can't seem to order these through Scholar One now.

2. In recently experiencing a few computer issues. I can no longer find the original supplementary materials I 
uploaded with the manuscript submission, which are posted online with the manuscript. Since I do not have a 
subscription to CRT and thus do not have a user name and password, I do not have access the online data 
supplement. Is there a w ay I can either access the online supplement or obtain a copy o f the data supplement 
that I uploaded on Scholar One (it is now electronically archived by T&F)?

3. 1 am curious as to the volume and quality o f correspondence you may have received, particularly in light of 
the IARC opinion that glyphosate is a "2a” probably human carcinogen.

Regards.

I).i\  i J  S.iltmir.is. I 'M ) . . D. U J .  I
>, i , I  O' v
Sp'scl i .i v  Mt ■ t,‘i.r*> I 'r iv i i . I , ' : i j

K 'ilji'TW * ::iT

This e-mail messec,-e .ray contain privileged and/or confidential information, and is 
intended to be received only by persons entitled
to receive such information. If you have received this e-tnai 1 ir. error, please notify the 
sender immediately. Please delete it and
al'. attachments from any servers, hard drives or any other media, other use of this e- 
n:aii c v  you is strictly prohibited.
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All e-mails and attachments sent ar..i received are subject to monitoring, reading and 
archival by Monsanto, ir.rl ucing its?
subsidiaries. The recipient of this e-xail is solely rasp-*'/side for checking for the 
presence of "Viruses" or •ther "Malware".
Monsanto, along with its sabsidiaries, accepts no liability for any carnage caused by any 
such code transmitted by or accompanying 
this e-mail or any attachment.

The information conrair.cd in this era'may be subject to the export control laws anc 
regulariors of the United Rte.-as, rrter.tially
including but not limited tc 'he Export Administration Regulations (RAP.) ar.o sanctions 
regulations issued by the d..~. Lera i men t of
Treasury, Of f i -<? rf ft ret or. A;: set Controls (OFAC). As a recipient of this in formatier 
you are obligated to comply with all 
applicable U.S. expert Laws ai.u teg-lations.
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From:
Sent:
To:
Cc:

Subject:

^RoçjerJWcCleMari

Whalley. Charles co.uk >
Thursday, March 5, 2015 3:58 AM 
Roger McClellan; Larry Kier
Mildred; Herman Bolt; Russell; David Dorman, F Guengerich; Gunnar Johanson; David
Warheit; Shuji Tsuda
RE. Review Publication Concerns

Dear all,

Thank you for the interesting discussion. To confirm Roger's points below, Taylor & Francis believes rigorous, 
anonymous peer review to be of the utmost importance, and do everything we can to support our editors and reviewers 
in maintaining the integrity of this process.

Best wishes, 
Charles

Charles Whalley -  Managing Editor, Medicine & Health Science Journals 
Taylor & Francis Group

Aomgdon, Oxon, 0X1 ï

« co rn
Ka.tanclf.co.uk

•WN. UK

Taylor & Francis is a trading name of Informa tJK Limited, 
registered in England under no. 1072954

From: Roger McClellan [m ailto^^^^^^^^J@ att.net]
Sent: 22 February 2015 19:07 
To: Larry Kier
Cc: Whalley, Charles; Roger McClellan; Mildred; Herman Bolt; Russell; David Dorman; F. Guengerich; Gunnar Johanson;
David Warheit; Shuji Tsuda
Subject: Re: Review Publication Concerns

Larry;
You make a number of important points in your letter. It is critical that all of us (authors, co-authors, 

editors, reviewers and publishers) who are involved with the publication of scientific papers adhere to 
several key principles to protect the confidential nature of the process.

First, it is critical that the peer review process be anonymous with all aspects treated with the 
highest degree of confidentiality. It is important that the names of reviewers and review comments not 
be released under any circumstances. In my opinion, a break down in confidentiality would do 
irreparable harm to the scientific process. In that vein, I have filed document attesting to my position 
in a court case where lawyers were attempting to gain access to peer review comments related to a 
publication in another scientific journal

Second, it is important to recognize the responsibility of the Editor in selecting peer reviewers 
for any paper. As a matter of routine, I provide authors the opportunity to propose potential 
reviewers. For me, this is just the starting point. I read the paper and give particular attention to 
papers that are reviewed to identify potential reviewers. I also use my own knowledge of the subject 
matter to identify potential reviewers who will focus on the science being reviewed absent any
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particular ideological orientation or bias. At the end of the process I recognize my substantial 
responsibility as an Editor to select a final slate of reviewers. Moreover, when review comments are 
returned I use them to help guide my decision on accept, revise or reject AND, most importantly, 
convey the comments to authors in an anonymous manner anticipating that attention to the 
comments will help the authors revise and further improve the paper thereby enhancing its value to 
the scientific community and Society at large.

Again thanks for your comments and for allowing me to elaborate on them. Because of the 
importance of this exchange I am forwarding a copy of your letter and my response with members of 
the CRT Editorial Advisory Board and Charles Whalley, Managing Editor, Medicine and Health 
Science Journals, Taylor and Francis Group, Oxford , England. I am confident that Mr Whalley and 
Taylor and Francis , as a Publisher, share my views as to the importance of maintaining the 
confidential nature of the peer review process and that T and F will resist any attempts to breach the 
process.

With best regards,
Roger

Roger O. McClellan, Editor 
Critical Reviews in Toxicology

On Saturday, February 21, 2015 11:51 AM. Larry Kier wrote:

Dear Editor McClellan.
Hopefully this communication won’t be considered too presumptuous or a waste of your time. It 
certainly isn't intended as such.
A recent article in Science ('‘Agricultural researchers rattled by demands for documents", Science, 13 
February 2015, p. 699.) indicates an aggressive campaign by a nonprofit organization to discredit 
academic scientists by demanding documentation of their interactions with industry.
Given the aggressive nature of this campaign I wonder if such organizations might consider a tactic of 
taking legal actions against authors, sponsors, editors and publishers of publications that represent 
industrial products as being of low risk where the authors) have industry connections.
While anonymous scientific peer review could represent a reasonable defense against accusations of 
improper bias I wonder if such legal actions could eventually include demands for legal discovery of 
the identities of the reviewers and the contents of their reviews Of course, this is speculation and I 
am certainly not an attorney but I did want to bring this to your attention.
These concerns prompted me to think about and offer a specific example and generic suggestion. I 
could have suggested the three first authors (Bolognesi, Paz-y-Mino and Koureas) of the five 
informative papers on GBF biomonitoring results as potential reviewers of the GBF genotoxicity 
biomonitoring review manuscript. This simply didn't occur to me at the time and these particular 
individuals may not have agreed or been appropriately responsive but considering this as a generic 
approach may be useful.
The concept of considering significant primary publication authors as potential reviewers for a review 
publication seems to be a worthwhile suggestion. This could address bias issues for reviews, 
especially if authors of the primary review papers might have different affiliations, interpretations and 
conclusions than the authors of the review manuscript. The primary paper authors would have a 
chance to have their viewpoints considered by the review authors and editor as reviewer comments. 
Thanks.

h
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Roger McClellan

From:
Sent:
To:
Subject:

As1' ey Robe rts Intertek ntr-rtek co ins
Wednesday. July 11, 2018 11:35 AM 
Roger McClellan
RE: An Independent Review of the Carcinogenic Potential of Glyphosate

Roger,

Sorry I missed your call but I was in the UK on business (addressing questions in the houses of parliament but not related 
to glyphosate).

I must admit I do not remember making any recommendation to Charles that the title of the journal should have 
included the term "independent". % •

Regarding the other matters, maybe we can discuss wherfwe are both in town. Unfortunately, I leave on business again 
on Saturday for a while and will not be back in the office until July 25th.

Hope to speak to you then. ^

Best Wishes

Ashley ^

Ashley Roberts, Ph.D. /
Senior Vice President -  Food & Nutrjtion Health, Environmental & Regulatory Services (HERsT

Direct fl 
Office 
Skype
www.intertek.com

Intertek, 2233 Argentia Rd., Suite 201, Mississauga, ON L5N 2X7

.......Original Message.......
From: Roger McClellan <roger.o.mcdellan(5^^^J>
Sent: October-16-16 2:28 AM 
To: ̂ ^ ^ ^ ^ ^ ^ H@ tandf.co.uk
Cc: Ashley Roberts Intertek <^^^ ^ ^ |^ J in te rte k .c o m >
Subject: Fw: An Independent Review of the Carcinogenic Potential of Glyphosate

Charles:
You will find this of interest. Can you tell me how many times the Supplement has been accessed and the number of 

downloads on each article ? Best regards, Roger
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^Roçjer^McCleMaii

From: r o g e r .o .m c c le l la n  < r o g e r .o .m c c le l ! a n ( n ^ ^ ^ >

Sent: Wednesday. July 29, 2015 2:12 AM
To: Charles Whalley
Cc: mbmorgan@>hargra^^^^^J roger.o mcdellanw^^^P
Subject: Fwd: Follow up questions on CRT manuscript "Evaluation of Carcinogenic Potential of 

the Herbicide Glyphosate, Drawing on Tumor Incidence D a ta  from Fourteen 
Chronic/Carcinogenicity Rodent Studies"?

Charles Please help Dr Saltmiras out with the aceess issue. I would also like your views on giving additional 
publicity to the several papers on glyphosale published in CRT.
The controversial decision by IARC makes these papers even more important. Roger 
Sent \ i.i the Samsung (ialj\> S ■* ft. an A I & I 4(1 LTI smartphone
---------Original m essage---------- ------------------------
From: "SALTMIRAS. DAVID A [AG/1000]" monsanto.com>
Date: 07/27/2015 9:49 PM (GMT+01:()())
To: roger.o.m ccle llan (u ^ ^ J
Subject: Follow up questions on CRT manuscript "Evaluation o f Carcinogenic Potential o f  the Herbicide 
Glyphosate, Drawing on Tumor Incidence Data from Fourteen Chronic/Careinogenicity Rodent Studies"?

Hi Roger.

I hope this note finds you well in the absence o f  the humidity we face here in St Louis. I have a few follow up 
inquiries regarding the glyphosate in vivo cancer data review manuscript published several months ago in CRT. 
which I coauthored.

1. I have had a number o f  requests for this paper. Is there a way to pay to have this changed to “open
access”? This wasn’t a clear option when submitting, perhaps due to something with the change o f publisher 
from Informa to Taylor & Francis, or more likely, ineptitude on my part. If open access is not an option, how- 
may I order author copies for me to distribute? I can’t seem to order these through Scholar One now.

2. In recently experiencing a few computer issues, I can no longer find the original supplementary materials 1 
uploaded with the manuscript submission, which are posted online with the manuscript. Since I do not have a 
subscription to CRT and thus do not have a user name and password, I do not have access the online data 
supplement. Is there a w'ay I can either access the online supplement or obtain a copy o f the data supplement 
that I uploaded on Scholar One (it is now electronically archived by T&F)?

3. I am curious as to the volume and quality o f  correspondence you may have received, particularly in light o f  the 
IARC opinion that glyphosate is a “2a” probably human carcinogen.
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^ o g e H M c C le l la n

From:
Sent:
To:
Cc:
Subject:

Roger McClellan < @att.net>
Wednesday, October 21, 2015 11:13 AM
SALTMIRAS, DAVID A |AG/1000); Elaine Roberts; Charles Whalley 
Mildred B. Morgan; Roger McClellan 
Re: Glyphosate Papers

David:
I am confident Charles Whalley, the Managing Editor for CRT will be able to work out "open 

access" for the Greim article on Glyphosate. I will notify him of your interest by copy of this e-mail 
since the fee for "open access" is a business matter and outside of my purview as the Scientific Editor 
for CRT. As an aside, did you purchase 'open access" for the earlier articles?

If you are interested in Taylor and Francis providing some publicity for these papers I suggest you 
compile a set of key points for each article and send them to Elaine Roberts at Tand F with a copy to 
me and Charles Whalley. I would encourage Monsanto to note the availability of the important review 
papers published in CRT. Alternatively, I am sure Tand F (Elaine Roberts) would be pleased to work 
with you on a press release coming from T and F. Since, this issue is clearly of international interest I 
am sure they cab make certain the press release receives international distribution.

Best regards,
Roger

On Wednesday. October 21, 2015 9:41 AM, "SALTMIRAS, DAVID A [AG/1000]" <david.a saltmiras@monsanto.com> 
wrote:

Roger,
Thank you for opening this discussion.
I would like to procure open access for the Greim et al. (2015) publication. This was my original intent upon 
submission of the manuscript. However, in the transition from Informa to Taylor and Francis, I was not able to 
navigate this request online. Please let me know if and how I can pay for open access to help facilitate 
broader reader distribution.
Regards,
David Saltmiras. Ph D , D A.B T.
Science Fellow
Novel Chemistry and Microbials Product Lead 
Toxicology and Nutrition Center 
Monsant^^^^^
Ph

From: Roger McClellan [ it  :i : : nil net]
Sent: Wednesday, October 21, 2 ^ C T o !2 ^ M  
To: Elaine Roberts: Charles Whalley
Cc: SALTMIRAS, DAVID A [AG/1000]; Mildred B Morgan; Roger McClellan 
Subject: Glyphosate Papers

Elaine and Charles:

RM 000230
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During the last several years several review papers on the very important chemical. Glyphosate, the key ingredient 
in the herbicide, Roundup, were published in Critical Reviews in Toxicology. These papers were considered by the 
International Agency for Cancer Research review in early 2015 of the carcinogenic hazard of the chemical. Much to 
the surprise of many scientists IARC classified Glyphosate as a "probable human carcinogen". This decision is still 
being discussed around the world . For example, the decision will be the focus of a US Senate Heanng this week

This causes me to raise the question of whether Taylor and Francis might give the Glyphosate papers some 
publicity The decision by IARC and the underlying science is going to be a topic of debate for some time.

My principal contact on the Glyphosate papers has been Dr David Saltmiras at Monsanto. If T and F were interested 
in publicizing the papers I am sure David could provide some key talking points as to the key conclusions in the papers.
I have copied him on this memo

You should be aware that Monsanto has asked an independent organization based in Canada to review the 
Glyphosate science relevant to evaluating its carcinogenic hazard including the IARC decision. A paper describing the 
review panel's work is in preparation. I have advised David that I will be pleased to consider that paper for publication in 
CRT.

Please let me know your views on this matter including if you want some key summary points from the papers.
Best regards,

Roger

.his e-nail message may contain privileged and/or cor t i benti ii informal ion. ar.c is 
intended to be received only oy re .sens entitled
E< receive such 1 r.formatior.. ii you ocei • . • lr. rar, i.u'ise notify "he
sender immediately. Flease delete it and
-¡.I attachments from any servers, hard it . res sr ar.y other red:a. Other use of this e
mail by you is strictly prohibited.
All e-mails anti attachments sent ar.-d rcreiveu are subject '■ monitoring, . • .:.. g and 
archival by Monsanto, including its

Les. The rec I ! el g foi tJic
presence of "Viruses" or other "Malware".
Monsanto, along with its suesidiaiits, accents no liability for any Jeriage caused by any 
suer, code transmitted oy or accompanying 
This e-mail or any attachment.

The information contained if. this ema.i nay he subteci tc the expert control laws ana 
regulations of tne Vr.ited St sees, ccter.tially
ir.cl jritng but net limited to the Expert An-iris-va-inr. Regulations (LAP) and sanctions 
regulations issued by the 1'.?. Depart:.«?:,!, :f
T r e a s u r y ,  O f f i c e  o f  F o r e ig n  A s s e t  C o n t r o l s  tCFAC i . As a r e c i p i e n t  of t h i s  in  format''or,
you are obligated to comply with, all
appiintihle i;.s. expert laws and regulations.
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Roger McClellan

From:
Sent:
To:
Cc:
Subject:

Whalley, Charles l@tandf.co.uk>
Thursday, October 22, 2015 4:54 AM 
Roger McClellan
Mildred B. Morgan, Roberts. Elaine 
RE; Glyphosate Papers

Dear Roger,
I've emailed Dr Saltmiras about Open Access for the Greim et al. article
Can you please confirm that the relevant articles in C R T , besides the recent Greim et al.. are the following?
Kimmel et al in 43(4)
Kier et al in 43(4)
Kier in 45(3)
Of these only the later Kier article is not currently Open Access.
Best wishes,
Charles

|@att.net]

Morgan; Roger McClellan

Elaine and Charles:
During the last several years several review papers on the very important chemical, Glyphosate, 

the key ingredient in the herbicide, Roundup, were published in Critical Reviews in Toxicology.
These papers were considered by the International Agency for Cancer Research review in early 
2015 of the carcinogenic hazard of the chemical. Much to the surprise of many scientists IARC 
classified Glyphosate as a "probable human carcinogen". This decision is still being discussed 
around the world . For example, the decision will be the focus of a US Senate Hearing this week.

This causes me to raise the question of whether Taylor and Francis might give the Glyphosate 
papers some publicity. The decision by IARC and the underlying science is going to be a topic of 
debate for some time.

My principal contact on the Glyphosate papers has been Dr David Saltmiras at Monsanto. If T and 
F were interested in publicizing the papers I am sure David could provide some key talking points as 
to the key conclusions in the papers. I have copied him on this memo.

You should be aware that Monsanto has asked an independent organization based in Canada to 
review the Glyphosate science relevant to evaluating its carcinogenic hazard including the IARC 
decision. A paper describing the review panel's work is in preparation. I have advised David that I will 
be pleased to consider that paper for publication in CRT.

Please let me know your views on this matter including if you want some key summary points 
from the papers.

Best regards,
Roger

From: . M 1
Sent: 21 October 2015 16:28
To: Roberts, Elaine; Whalley, Charles
Cc: DAVID A (AG/1000) SALTMIRAS; Mildred B.
Subject: Glyphosate Papers
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JîoçjerJ^cCleMçm

From:
Sent:
To:
Cc:
Subject:

Roger McClellan
Thursday, October 22, 2015 11:08 AM 
Whalley, Charles
Mildred B. Morgan. Roberts, Elaine. DAVID A (AG/1000) SALTMIRAS; Roger McClellan 
Re: Glyphosate Papers

Charles
I believe these are the only recent articles in CRT on Glyphosates that are of interest. I am including 

David Saltmiras on this e=mail so he can weigh in if I have missed any articles. As an aside, the 
Kimmel etal paper is in Volume 43, issue 2. Thanks for your help on this matter. Roger

On Thursday, October 22. 2015 3:54 AM. 'Whalley, Charles" <Charles.Whalley@tandf l > wrote

Dear Roger,
I've emailed Dr Saltmiras about Open Access for the Greim et al. article.
Can you please confirm that the relevant articles in C R T , besides the recent Greim et al., are the following?
Kimmel et al. in 43(4)
Kier et al. in 43(4)
Kier in 45(3)
Of these, only the later Kier article is not currently Open Access.
Best wishes,
Charles

From: Roger McClellan [m ailto^^^^^^^^J@ att.net]
Sent: 21 October 2015 16:28
To: Roberts. Elaine; Whalley, Charles
Cc: DAVID A (AG/1000) SALTMIRAS; Mildred B. Morgan; Roger McClellan 
Subject: Glyphosate Papers

Elaine and Charles:
During the last several years several review papers on the very important chemical, Glyphosate, 

the key ingredient in the herbicide, Roundup, were published in Critical Reviews in Toxicology. 
These papers were considered by the International Agency for Cancer Research review in early 
2015 of the carcinogenic hazard of the chemical. Much to the surprise of many scientists IARC 
classified Glyphosate as a "probable human carcinogen". This decision is still being discussed 
around the world . For example, the decision will be the focus of a US Senate Hearing this week.

This causes me to raise the question of whether Taylor and Francis might give the Glyphosate 
papers some publicity. The decision by IARC and the underlying science is going to be a topic of 
debate for some time.
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My principal contact on the Glyphosate papers has been Dr David Saltmiras at Monsanto. If T and 
F were interested in publicizing the papers I am sure David could provide some key talking points as 
to the key conclusions in the papers. I have copied him on this memo.

You should be aware that Monsanto has asked an independent organization based in Canada to 
review the Glyphosate science relevant to evaluating its carcinogenic hazard including the IARC 
decision. A paper describing the review panel's work is in preparation. I have advised David that I will 
be pleased to consider that paper for publication in CRT.

Please let me know your views on this matter including if you want some key summary points 
from the papers.

Best regards,
Roger

so
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R ĉjer^McCleJIari

From:
Sent:
To:
Subject:

SALTMIRAS, DAVID A [AG/1000] @monsanto.com>
Tuesday, December 1, 2015 7:17 PM 
Roger McClellan
Correction SRA (not ACT) Glyphosate Expert Panel Poster

Roger,

Correction, poster at SRA, not ACT.

David

Sent from my iPhone 

Begin forwarded message:

From: "SALTMIRAS, DAVID A [AG/1000]” < ^ ^ ^ ^ ^ ^ ^ S m o n san tg xo m >
Date: December 1, 2015 at 6:47:27 PM CST
To: Roger McClellan net>
Subject: Glyphosate Expert Panel Poster

FYI, attached is the poster that an Expert Panel is presenting at ACT on Monday. Four different sub
committee sections reviewing the corresponding glyphosate IARC review panels are exposure, animal 
bioassays, epidemiology and genetic toxicology/oxidative stress (mechanisms). This poster summarizes 
the Expert Panel subcommittee and overall conclusions. Details of the Expert Panel subcommittee 
reviews are in the process of being consolidated into a multipart manuscript or manuscripts.

Regards,

!h iv i i1  S u i t n n i i i s .  j ' l i .J i . .  j )  l j :  r 
Soe^ce Ferrivv
NovctCnenw-y 3rp M ic:;r-V ! I . • : s j
Tocology aid Nuv .>• <*
Monsarto

<E\pert Panel Poster proof, pdl̂ *

"his e-mail message rray vr;-:::. privileged anc/or confidential informatics, and is 
intended ro be received only by persons entitled
to receive such information. 1* you have received this e-mail in error, please notify the 
sender immediately, -lease delete it and
all attachments from any servers, hard drives or any other media. Other :se of this e
mail by you is strictly prohibited.
A l l  e-mails and attachments s> -:r.d received are. subject to monitoring, reading ar.c 
archival by Monsanto, i i . c l  ud i : i t s
subsidiaries. The reel p.e:.- o' e-mail is solely responsible for checking for the
presence of "Viruses" or ot'"s* "Malware”.

Roger,
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Mcnsanro, alone wlth irs sutsibiaries, ac-cep: <• .. i- i.- ility ter ar.y d a r c a u s e - i  by any 
such cede t-ansT.irced cy or ac'omcaayiao 
this e-:»ail or any at tach.ner.t.

The info-rr.ation contai ned ir. this c-maii .ray he s.jr ev . tc tre export control laws a nei 
regola t i cria or tne Vriitcri .States, pcter.tiaiiy
includine but r.ct ’.imi tea tc thè Export ASr»i:.';«t r a : Higulat .cvis (EAP.) ar.tì sar.ctione
reguiationa issued by thè U.S. Department ci
Treasury, Office c.f Foreign Asset Oc:,troia ( f.\Ti . A; a lecit-ient et -.hi? Information 
yen are orligated tc ccnply with ari 
applicaci«- U .5 .  export laws ar.d reguiations.
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Response:

I do not recall any communications with W'allace Hayes related to GBFs, AMPA and/or 

surfactants for GBFs.

(9) All communications with Wallace Hayes related to GBFs, AMPA and/or surfactants for
GBFs.
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(10) All communications with Ashley Roberts related to GBFs, AV1PA, and/or surfactants for
GBFs.

Response:

The communications I have had with Ashley Roberts related to GBFs, AM FA. and/or 

surfactants for GBFs relate to the live papers published in the Special Supplement to Volume 46 

(2016).
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(1 ]) All medical literature, studies, journal articles, tests and/or scientific analyses authored
and/or conducted by You related to the potential adverse human health effects o f  GBFs.
AMPA. and/or surfactants for GBFs. This request includes drafts.

Response:

I have not conducted independent research on the potential adverse health effects of 

GBFs, AMPA, and/or surfactants for GBFs and, thus, have not published on these topics. 1 did 

prepare a “Foreword"’ to the Special Supplement to Volume 46 o f  Critical Reviews in 

Toxicology in my role as Editor-in-Chief o f the Journal. The Foreword, noted in the response to 

Item 5. was intended to provide an editorial context to the five papers published in the 

Supplement.
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(12) All communications with Monsanto related to the documents in Request No. 9.

Response:

I had no communications with Wallace Hayes as I noted in my response to Request No.

9. I did have a communication from David Saltmiras o f  Monsanto (January 9, 2014) related to 

preparation o f a “glyphosate carcinogenicity review manuscript” for submission to Critical 

Reviews in Toxicology. This manuscript, authored by Greim, Saltmiras. Mostert and Strupp 

(2015) was ultimately submitted to Critical Review's in Toxicology and was noted in my 

response to Item 5. A second manuscript, authored by Larry Kier (2015), is also noted in the 

communications with David Saltimiras.
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(13) All documents and communications related to Williams, et al., A Review  o f  the  
C arcinogenic P oten tia l o f  G lyphosale by Four Independent Expert Panels and  
Com parison to the IAR C  A ssessm ent 46 Crit. Rev. Toxicol. 3-20 (2016), including all 
documents and communications related to the four contemporaneously published 
companion papers by the expert panel organized by Intertek, Inc ("Inertek Expert 
Panel’'). This request includes drafts.

Response:

The five papers referred to in Item 13 were previously noted in Item 5 and are listed

below:

Williams. Gary, Marilyn Aardena, John Acquavella, Sir Colin Berry, David Brusick and Michele 
M. Burns (2016). A Review o f the Carcinogenic Potential o f  Glyphosate by Four Independent 
Expert Panels & Comparison to IARC Assessment. Crit. Rev. Toxicol. 46(S1): 3-20.

Solomon, Keith R. (2016). Glyphosate in the General Population and in Applications: A Critical 
Review o f Studies on Exposures. Crit. Rev. Toxicol. 46(S1): 21-27.

Acquavella, John. David Garabranl, Gary Marsh, Tom Sorahan and Douglas L. Weed. (2016). 
Glyphosate Epidemiology Expert Panel Review: A Weight o f  Evidence Systematic Review of  
the Relationship Between Glyphosate Exposure and Non-Hodgkin’s Lymphoma or Multiple 
Myeloma. Crit. Rev. Toxicol. 46(S1): 28-43.

Williams. Gary, Colin Berry, Michele Burns, Joao LauroViana de Camargo and Helmut Greim. 
(2016). Glyphosate Rodent Carcinogenicity Bioassay Expert Panel Review. Crit. Rev. Toxicol. 
46(S1): 44-55.

Brusick, David, Marilyn Aardema. Larry Kier, David Kirkland and Gary Williams. (2016). 
Genotoxicity Expert Panel Review: Weight o f Evidence Evaluation o f the Genotoxicity o f  
Glyphosate. Glyphosatc-Bascd Formulations, and Aminomclhylphosphonic Acid. Crit. Rev. 
Toxicol. 46(S1): 56-74.

As noted earlier, these papers were all submitted to Critical Reviews in Toxicology 

through the Manuscript Central/Scholar One portal. Each o f  the manuscripts was reviewed by 

from 5 to 9 reviewers with the review comments provided to the authors to assist in revising the 

manuscripts. In total, the five manuscripts were reviewed by 27 different reviewers who 

provided 36 sets o f review comments.

The reviewers were all selected and contacted by the Editor-in-Chief via the Manuscript 

Central/Scholar One System. The identity o f  the reviewers was not made known to the authors, 

a “single blind” review system. The review comments are considered to be confidential 

communications among the authors, the Editor and reviewers as discussed in response to Item 5.
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The Editor does not retain an independent file o f reviewer comments on individual papers. The

author does not retain a file of original manuscripts nor revised manuscripts.

RM 000242



Roger McClellan

From: Whalley, Cnarles ?>tandf co ,k >
Sent: Tuesday, March 8 , 2016 7:23 AM
To: Roger McClellan
Cc: Mildred
Subject: RE: Glyphosate Manuscripts —Potential Supplement

Dear Roger,
Thank you for this, and my apologies for being slow to respond.
First off, the download figures for the glyphosate papers (unless I’ve missed some) are as follows:
Kimmel et al in 43(2) 847
Kier & Kirkland in 43(4) 2,688
Kier in 45(3) 272
Greim et al in 45(3) 732

These download figures understate their impact, as all have been discussed on news sites and blogs, etc. It is, 
as you say. a controversial topic of some public interest
With that in mind, I'm grateful for your usual diligence in pursuing a thorough Declaration of Interest.
As for your plans on how to publish this series of papers should they be accepted, I agree that combining the 
introduction and summary makes sense, with the others split out into separate papers. As ever, I’m grateful to 
be kept informed and happy to be guided by your judgement! As for the question of a supplement, I can take 
this up with Dr Roberts as appropriate.
I'll try giving you a ring later today, as I want to catch up about SoT If you see this email before I get hold of 
you, do give me a tinkle, as we say over here.
All best wishes,
Charles

From: Roger McClellan [mailtc^ ^ ^ ^ ^ ^ ^ ^ J@ att.net]
Sent: 26 February 2016 22:05
To: Whalley, Charles
Cc: Mildred; Roger McClellan
Subject: Fw: Glyphosate Manuscripts -Potential Supplement 

Charles:
1 have been in discussions with multiple parties over the past year on publishing one or a series o f  review papers 
on the evaluation o f the human carcinogenic potential o f "glyphosate". Several excellent reviews on the toxicity 
of this compound have been published previously in CRT. Can you tell me how many times those papers have 
been accessed?
As you know this compound is a leading agro-chemical. Moreover, the IARC has recently evaluated the 
compound and made a determination as to its carcinogenicity that is very controversial. That lead to the work 
covered in these six papers. As an aside , much o f my discussions have relates to whether this might be 
published as one or multiple papers.
At this stage, I am leaning to recommending that for the initial review what has been billed as an introduction 
and a second paper billed as a summary should be rolled together as a single paper. That single paper and the

tos
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other six papers would be sent for external review with the reviewers o f  each paper being given access to all the 
papers.
I have already alerted the coordinating author, Ashley Roberts, to the need for more robust Declarations of 
Interest. The topic is controversial and the papers when published are likely to be controversial.
At his stage I would envision the papers being published as a single issue Supplement. At he appropriate 
juncture it will be useful for you to make contact with Dr Roberts to negotiate terms and conditions for 
publication o f the Supplement, assuming it moves through the rigorous review process.
The purpose o f  this e-mail is to alert you to this large project and ask if  you have any special advice to offer at 
this time.
Best regards,
Roger

— On Fri, 2/26/16, Ashley Roberts Interlek intertek.com> wrote:

> From: Ashley Roberts Intertek  ̂ m;ci:ek.com '•
> Subject: Glyphosate Manuscripts
> To: "Roger o .m ecic llan u ^ ^ J" <Roucr.o.mcclcllan'<i^^ J >
> Date: Friday, February 26, 2016, 11:41 AM
>
>
>
>
>
>
>
>
> Dear Dr. McClellan,
>
> In follow-up to our
> discussions this morning, please find attached the
> individual manuscripts covering the Expert panels responses
> to the IARC Monograph. I have not included all o f  the
> figures and supplemental information at this stage
> for risk o f clogging up your email.
>
> If you have any
> comments/questions, please do not hesitate to contact
> me.
>
> Looking forward to hearing
> from you
>
> Many Best Wishes
>
> Ashley
>
> Ashley Roberts,
> Ph D.
>
> Senior Vice President
>
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> Food & Nutrition Group
>
> Intertek Scientific
> & Regulatory Consultancy
>
> Tel: +1

>
> 2233 Argentia Road,
> Suite 201
>
> Mississauga, Ontario Canada L5N 2X7
>
>
>
>
> Valued Quality. Delivered.
>
> CONFIDENTIALITY NOTICE
> This email may contain confidential or privileged
> information, if  you are not the intended recipient, or the
> person responsible for delivering the message to the
> intended recipient then please notify us by return email
> immediately. Should you have received
> this email in error then you should not copy this for any
> purpose nor disclose its contents to any other person.
> http://vv\v\v. intertck.com
>
>
>
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^ogerJ^cCleMan^

From:
Sent:
To:
Subject:

Ashley Roberts Intertek I 
Friday, March 11, 2016 10:36 AM 
Roger, o.mcclellanta^^^
RE: Glyphosate Manuscripts

@intertek.com>

Dear Roger,

Nice to talk to you the other day about our current very interesting scientific climate!!! I have put together a declaration 
of interest preamble below (in red,) which would cover all of the authors of the introductory manuscript. This would 
obviously be revised for the individual groups publications. Please could you let me know if this is in line with your 
thinking and the Journals requirements?

The authors of the manuscript is as shown on the cover page. The authors had sole responsibility for the writing and the 
content of the article, and the interpretations and opinions expressed in the paper are those of the authors.

Gary Williams, Sir Colin Berry, David Brusick, Joao Lauro Viana de Camargo, Helmut Greim, David Kirkland, Keith 
Solomon and Tom Sorahan have previously served as independent consultants for the Monsanto Company or the 
European Glyphosate Task Force. John Acquavella and Larry Kier were previously employees of the Monsanto Company, 
while Marilyn Aardema, Michele Burns, David Garabrant, Gary Marsh, Ashley Roberts and Douglas Weed d e c la r e  no 
potential conflicts of interest.

The E x p e r t  Panel Members recruitment and evaluation of the data was o r g a n iz e d  a n d  conducted by Intertek Scientific & 
Regulatory Consultancy (Intertek). The Expert Panelists acted as consultants for Intertek. Intertek (previously Cantox) is 
a consultancy firm that provides scientific and regulatory advice, as well as safety and efficacy evaluations for the 
chemical, food and pharmaceutical industries. While Intertek Scientific & Regulatory Consultancy has not previously 
worked on glyphosate related matters for the Monsanto company, previous employees of Cantox had worked in this 
capacity.

Funding for this evaluation was provided by the Monsanto Company which is a primary producer of glyphosate and 
products containing this active ingredient. Neither Monsanto nor any attorney reviewed any of the Expert Panel's 
manuscripts prior to submission to the journal.

If you think some revisions/amendments are required, I would be most happy to receive your suggestions.

I will be sending you the introductory chapter on Monday as I have just been told that one of the authors is going to work 
on this over the weekend I gave him over a week to do this and gave him a deadline of today but what can you do!!!

All the Best

Ashley

Ashley Roberts, Ph.D.
Senior Vice President 
Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Tel: +1 
Fax: +1l
E-mail: l@intertek com

2233 Argent/a Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7
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^ogerJVkCleMari

From:
Sent:
To:
Subject:
Attachments:

Ashley Roberts Intertek @intertek.com>
Monday, March 14, 2016 10:26 AM 
Roger o.mcdellan@^^^
FW: Glyphosate Manuscripts 
Summary March 10 FINALdocx

Dear Roger,

In follow-up to our chat on Friday, please find attached the final introductory manuscript to go alongside the 4 main
papers sent previously.

Also I amended the declaration of interest slightly as per your recommendations. Please see below. I hope this is more 
along the lines you were looking for?

Gary Williams, Sir Colin Berry, David Brusick, Joao Lauro Viana de Camargo, Helmut Greim, David Kirkland, Keith 
Solomon and Tom Sorahan have previously served as independent consultants for the Monsanto Company or the 
European Glyphosate Task Force. John Acquavella and Larry Kier were previously employees of the Monsanto Company. 
Marilyn Aardema, Michele Burns, David Garabrant, Gary Marsh, Ashley Roberts and Douglas Weed have not previously 
been employed the Monsanto Company or previously been involved in any activity involving glyphosate and as such 
declare no potential conflicts of interest. Furthermore, none of the afore mentioned authors have been involved in any 
litigation procedures involving glyphosate.

The Expert Panel Members recruitment and evaluation of the data was organized and conducted by Intertek Scientific & 
Regulatory Consultancy (Intertek). The Expert Panelists acted as consultants for Intertek. Intertek (previously Cantox) is 
a consultancy firm that provides scientific and regulatory advice, as well as safety and efficacy evaluations for the 
chemical, food and pharmaceutical industries. While Intertek Scientific & Regulatory Consultancy has not previously 
worked on glyphosate related matters for the Monsanto company, previous employees of Cantox had worked in this 
capacity.

Funding for this evaluation was provided by the Monsanto Company which is a primary producer of glyphosate and 
products containing this active ingreoient. Neither any Monsanto company employees nor any attorney reviewed any of 
the Expert Panel's manuscripts prior to submission to the journal.

I am out of the office today but would be happy to call you if you think necessary. Just send me a quick email and I will 
respond.

Best Wishes

Ashley .

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
Tel: +1
Fax: +1
E-mail: @intertek.com
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From: Ashley Roberts Intertek 
Sent: March-11-16 12:36 PM 
To: 'Roger.o.mcclellantg^^J 
Subject: RE: Glyphosate Manuscripts

Dear Roger,

Nice to talk to you the other day about our current very interesting scientific climate!!! I have put together a declaration 
of interest preamble below (in red,) which would cover all of the authors of the introductory manuscript. This would 
obviously be revised for the individual groups publications. Please could you let me know if this is in line with your 
thinking and the Journals requirements?

The authors of the manuscript is as shown on the cover page The authors had sole responsibility for the writing and the 
content of the article, and the interpretations and opinions expressec in the paper are those of the authors.

Gary Williams, Sir Colin Berry, David Brusick, Joao Lauro Viana de Camargo, Helmut Greim, David Kirkland, Keith 
Solomon and Tom Sorahan have previously served as independent consultants for the Monsanto Company or the 
European Glyphosate Task Force. John Acquavella and Larry Kier were previously employees of the Monsanto Company, 
while Marilyn Aardema, Michele Burns, David Garabrant, Gary Marsh, Ashley Roberts and Douglas Weed declare no 
potential conflicts of interest.

The Expert Panel Members recruitment and evaluation of the data was organized and conducted by Intertek Scientific & 
Regulatory Consultancy (Intertek). The Expert Panelists acted as consultants tor Intertek intertek (previously Cantox) is 
a consultancy firm that provides scientific and regulatory advice, as well as safety and efficacy evaluations for the 
chemical, food and pharmaceutical industries. While Intertek Scientific & Regulatory Consultancy has not previously 
worked on glyphosate related matters for the Monsanto company, previous employees of Cantox had worked in this 
capacity.

Funding for this evaluation was provided by the Monsanto Company which is a primary producer of glyphosate and 
products containing this active ingredient. Neither Monsanto nor anv attorney reviewed any of the Expert Panel's 
manuscripts prior to submission to the journal.

If you think some revisions/amendmenls are required. I would be most happy to receive your suggestions.

I will be sending you the introductory chapter on Monday as I have just been told that one of the authors is going to work 
on this over the weekend. I gave him over a week to do this and gave him a deadline of today but what can you do!!!

All the Best

Ashley

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific&Regulatory Consultancy
Tel: +1
Fax:
E-mail: ^^ ^^^^ ^B@intertek.com

2233 Argentia Road, Suite 201
Mississauga, Ontario Canada L5N 2X7

2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7
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From: Ashley Roberts Intertek 
Sent: February-26-16 5 d ^ M  
To: 'Roger.o.mcclellan(Q^^^|
Subject: RE: Glyphosate Manuscripts

Dear Dr. McClellan,

I received your voice mail message. Thank you.

Unfortunately, I will not be attending the SOT this year. I have young staff members hungry to learn and grow within 
the industry, so I feel that it much more worthwhile for them to attend than myself. We have 9 people going from our 
group and some will be presenting posters etc.

Best Wishes

Ashley

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
Tel: +1
Fax:
E-mail: intertek com

2233 Argentia Road. Suite 201 
Mississauga, Ontario Canada L5N 2X7

From: Ashley Roberts Intertek 
Sent: February-26-16 1:41 PM 
To: 'Roger.o.mcdellan®^^^
Subject: Glyphosate Manuscripts

Dear Dr. McClellan,

In follow-up to our discussions this morning, please find attached the individual manuscripts covering the Expert panels 
responses to the IARC Monograph. I have not included all of the figures and supplemental information at this stage for 
risk of clogging up your email.

If you have any comments/questions, please do not hesitate to contact me.

Looking forward to hearing from you .

Many Best Wishes .

Ashley

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
Tel: +1
Fax:
E-mail: ̂ ^ ^ ^ ^ ^ B@intertek.com
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2233 Argentia Road, Suite 201
Mississauga. Ontario Canada L5N 2X7

Valued Quality Delivered 

CONFIDENTIALITY NOTICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person responsible for delivering the message 
to the intended recipient then please notify us by return email immediately. Should you have received this email in error then you should not copy this for 
any purpose nor disclose its contents to any other person.

htto //www intertek com
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Roçjer^McClellan

From: Roger McClellan < ^ ^ ^ ^ U ^ ^ p@att.net>
Sent: Friday, March 20,2015 2:17 PM
To: Mildred Morgan; Susan Felter
Cc: Roger McClellan
Subject: Re: Roger O. McClellan's Note on CRT Journal

Susan:
Thanks for your quick response. The exact position of Taylor and Francis with regard to the 'Open 

Access" policy is still evolving. I will be meeting with the Taylor and Francis Managing Editor, 
Charles Whalley, who I report to at the SOT meeting and discussing the details of the "open access" 
policy with him. After that meeting on Saturday evening I will be able to give you an up date on the 
"open access" policy for CRT. If you should stop by the Taylor and Francis / CRC Press booth at 
SOT and see Mr Whaley please convey to him your expectations on "open access". I hope to see 
you in San Diego 

Best regards,
Roger

On Friday, March 20, 2015 10:39 AM, Mildred Morgan @hargray.com> wrote:

Susan would like for you to respond to her.

From: Felter, Susan [mailtc^^^^J@pg.com]
Sent: Friday, March 20, 2 0 t^ T 5 5  AM 
To: Mildred Morgan
Subject: RE: Roger 0 . McClellan's Note on CRT Journal

Hi Mildred,
Thanks for the email below. I am interested in the details of the open access policies for Taylor and 
Francis. I just hit "reply" to this email and then realized it was going to you and not Roger. Please let 
me know if I should contact him directly, or if you can send this. Thanks!
Best regards,
Susan

From: Mildred Morgan fmailto 
Sent: Friday, March 20, 2015 TT7TZ 
To: ken.unice@cardn 
FGrimm@cvm.tamu

l@hargrav.com1
M

Imsweenev Antonis Christou; 'James Bus'; 'Robertson, Larry';
elter, Susan: edonovan@cardnoJ__

Annahita.qhassemi@churchdwiqht^^ P Lewis, R Jeffrey; sherilymc 
C.R.Tyler@exeter.ac^rB ro o ke  Tvemioes': brent.finlev@cardnop 
Subject: Roger O. McClellan’s Note on CRT Journal

iross@cardno|
JL Mauderly”
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Critical Reviews in Toxicology

I am writing to you as a recent author of a paper published in Critical Reviews in Toxicology 
(CRT) and/or a reviewer of a paper published in CRT. I anticipate seeing many of you next week at 
the Society of Toxicology (SOT) meeting in San Diego. Please seek me out if you wish to discuss 
any potential review manuscript submissions with me.

In preparation for a meeting of the Editorial Advisory Board for CRT at next week's SOT 
Meeting, I have reviewed the most recent Publisher's Report. The Report confirms that CRT 
continues to be ranked in the top 10% of Journals published in the Toxicology category. In addition, 
the Report confirms our tradition of prompt and rigorous review of manuscripts, received from around 
the world, on contemporary topics in toxicology and risk/safety assessment.

It was a special pleasure to note the download statistics for recently published papers on a 
diverse ra n g e  of agents such as chrysotile asbestos, atrazine, glyphosate, bisphenol A, phthalates, 
aflatoxins and nanomaterials. Other papers focused on new methods for evaluating the risk/safety of 
chemicals and other agents and improved human risk assessment approaches. Other papers that 
were frequently downloaded were concerned with over-arching issues such as exposure(dose)- 
response extrapolations and weight of evidence approaches to evaluating diverse data sets. These 
papers are already being widely cited in the global peer-reviewed literature ensuring that the Citation 
Impact Factor for CRT will remain high in the future.

Most importantly, Critical Reviews in Toxicology is now being managed as one of the Journals 
within Taylor and Francis’ portfolio of more than 2,200 Journals. The move of CRT to this portfolio 
will result in some changes to the Journal’s open access policy. I am confident that these new open 
access policies will be well received by authors and their founders. Please let me know if you are 
interested in the details of these open access policies.

Best regards to all and best wishes for safe travel if you are heading to San Diego.

Roger

Roger O. McClellan
Editor, Critical Review in Toxicology

AlbuquerquaNM 87111
T e k ^ ^ ^ ^ HE-mail: roqer.o.mcclellanti
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Roger McClellan

From:
Sent:
To:

Cc:
Subject:

To all:
Attached is a copy of the Publisher's Report (March 2015) that I just received from Charles 

Whalley, Managing Editor, Taylor and Francis Group. Charles is now my primary Editorial contact at 
T and F. On a very regular basis basis, I have continuing contact with our superb Production Editor, 
Claire Summerfield I am looking forward to meeting Charles, face to face, over dinner in San Diego 
on Saturday evening. I am personally very excited about Critical Reviews in Toxicology moving 
under the main Taylor and Francis umbrella effective January 1,2015 to the Taylor and Francis 
portfolio of some 2,200 journals. They are very experienced in the world of scientific publishing.

I urge you to treat this as a confidential report and not share it with others. We will discuss the 
contents at our breakfast meeting on Tuesday morning at the Marriott Hotel in San Diego. I believe 
you will agree with me that the report is very comprehensive and professional in tone. It contains 
some very positive information about Critical Reviews in Toxicology.. I have conveyed that view in a 
message sent out this morning to over 300 individuals ( authors who have previously published in 
the Journal and past reviewers).

One of the topics I will be discussing with Charles is the Journals "open Access" policy. As you 
know , I was concerned that a change in the journals "open access" policy imposed by the former 
Informa Health Care management would have potential negative impact on the Journal's manuscript 
flow. Indeed that has happened. One of the primary topics I will be discussing with Charles is the 
"open access" policy under T and F management. A glimpse in to this policy is apparent on page 7 of 
the Publisher's Report. I am optimistic that the "open policy" under T and F management will be 
more favorably received by authors and sponsors than the previous policy. I will likely be sending a 
memo to authors and reviewers on this new policy after I meet with Charles. My e-mail earlier this 
morning has already stimulated queries back to me on the new "open access" policy.

The importance of "open access" is apparent when one notes that three of the articles in Issue 
44, Supplement 3 have been down loaded more than 1,000 time. As an aside, Sam is a co-author on 
those articles and was very helpful in facilitating their publication in CRT. Thanks, Sam!

I am flying from Albuquerque to San Diego on Saturday morning. I will be staying at the Marriott, 
the SOT headquarters hotel. As soon as I can identify a location for our Tuesday morning breakfast 
meeting I will let you know

Thanks again for all your help with Critical Reviews in Toxicology.
Best regards,

Roger

Roger McClellan <roger.o.mcclellan(5^^^p>
Friday. March 20, 2015 11:08 AM
Samuel M Cohen; Russell Cattley; David Dorman; Gunnar Johanson; F. Guengerich; 
David Warheit; Herman Bolt; Shuji Tsuda; Mildred B. Morgan 
Roger McClellan; Charles Whalley; Claire Summerfield, mbmorgan@hargra>^ 
Publisher's Report - March 2015
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RogeMMcClellari

From:
Sent:
To:

Cc:
Subject:
Attachments:

Mildred Morgan <mbmorgan@^^^^ ^ ^ J >
Tuesday, August 30, 2016 3:40 PM__
bolt@ifado^ rcc0022@au b urn^ J scohen@unmc^H Vicki Dellarco; 
david_dorman@ncsu^M f.guengerich@vanderbilt^J'Gunnar Johanson'; Shuji Tsuda; 
David Warheit 
Roger McClellan
Editorial Draft for Glyphosates Papers
Special Supplemental Issue on Glyphosates Document for CRT.docx

Dear Board Members:

Attached is a draft editorial for the Special Supplemental Issue on "An Independent Review of the Carcinogenic Potential 
of Glyphosates." Dr. McClellan would appreciate your reviewing this draft and provide him any comments, additions, 
changes, etc.

Thanks.

Mildred B. Morgan
Assistant to Dr. Roger O. McClellan
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From:
Sent:
To:
Subject:

JtogerJVIcClellan^

" I  I  '
Tuesday, April 5, 2016 8:53 AM 
Roger McClellan 
Glyphosate papers

Dear Roger,
I hope this finds you very well.
I spoke to Ashley Roberts at Intertek today about the options for publishing a supplement in C R T . It was my 
understanding that we were waiting for some changes to the Declaration of Interest statements on the 
glyphosate manuscripts before they were submitted to ScholarOne, but it seems things have progressed 
beyond that. Dr Roberts thought he was waiting for contact from me.
We can negotiate a supplement whilst the manuscripts are in review, on the assumption (as I made clear to Dr 
Roberts) that any discussion is conditional on acceptance. With this in mind, is there anything else waiting for 
Dr Roberts to address, or should we advise him to submit his group’s manuscripts into ScholarOne?
Best wishes as ever,
Charles
Charles Whalley - Managing Editor, Medicine & Health Science Journals 
Taylor & Francis Group

Oxon. 0X14 4RN. UK4 Park Square, Milton Park, Abingdon. 
Direct line:

__________________  ¡Mandf.co.i5k
www.tandfoniine.com

Taylor & Francis is a trading name of Infomia UK Limited, 
registered in England under no. 1072954
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Roçjer^^cGeMari

From: Roger McClellan <roger.o.mcclellan<a^^^^
Sent: Tuesday, April 5, 2016 2:36 PM
To: Ashley Roberts Intertek
Cc: Charles.Whalleyta^^^^^^roger.o mcclellanto^ Mildred
Subject: Re: FW: Glyphosate Manuscripts

Ashley:
I understand that you and Charles Whalley have initiated discussions with regard to publishing the glyphosate 

manuscripts as a Supplement to Critical Reviews in Toxicology conditioned on the papers all being accepted for 
publication in CRT after external scientific review. Both Charles and I agree that we should proceed with the scientific 
review of the papers in parallel with you and Charles working out the details including costs associated with publication 
of the Supplement.

Hence, I urge you to enter the papers in the Scholar One system. For each paper please enter the names of 10 
potential reviewers. In addition, please send me an e-mail listing the suggested reviewers for each paper including their 
name, affiliation, e-mail address, area of expertise and whether or not their work is cited in the particular review paper. 
It is Ok to recommend a specific reviewer to review more than one paper. As always, I retain the right as Editor to select 
the reviewers for any particular paper.

In addition to submitting the papers via Scholar One please send me an e-mail with each of the papers as an 
attachment.

Each paper should include a comprehensice Declaration of Interest as we have discussed.
I am looking forward to receiving the papers via Scholar One and as attachments to your e-mail to me.
Best regards,

Roger

On Mon, 3/14/16, Ashley Roberts Intertek <^^^^^^^J@intertek.com> wrote:

Subject: FW: Glyphosate Manuscripts
To: "Roger.o.mcdellantg^^^H <Roger.o.mcclellan(a^^^|>
Date: Monday, March 14, 2016, 9:25 AM

Dear Roger,

In follow-up to our chat on Friday,
please find attached the final introductory manuscript to go alongside the 4 main papers sent previously.

Also I amended the declaration of
interest slightly as per your recommendations. Please see below. I hope this is more along the lines you were looking 

for?
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Gary Williams, Sir Colin Berry, David
Brusick, Joao Lauro Viana de Camargo, Helmut Greim, David Kirkland, Keith Solomon and Tom Sorahan have previously 

served as independent consultants for the Monsanto Company or
the European Glyphosate Task Force. John Acquavella and Larry Kier were previously employees of the Monsanto 

Company. Marilyn Aardema, Michele Burns, David Garabrant, Gary Marsh, Ashley Roberts and Douglas Weed have not 
previously been employed the Monsanto
Company or previously been involved in any activity involving glyphosate and as such declare no potential conflicts of 

interest. Furthermore, none of the afore mentioned authors have been involved in any litigation procedures involving 
glyphosate.

The Expert Panel Members recruitment and evaluation of the data was organized and conducted by Intertek Scientific 
& Regulatory Consultancy (Intertek).
The Expert Panelists acted as consultants for Intertek. Intertek
(previously Cantox) is a consultancy firm that provides scientific and regulatory advice, as well as safety and efficacy 

evaluations for the chemical, food and pharmaceutical industries. While Intertek Scientific & Regulatory Consultancy 
has not previously
worked on glyphosate related matters for the Monsanto company, previous employees of Cantox had worked in this 

capacity.

Funding for this evaluation was provided by the Monsanto Company which is a primary producer of glyphosate and 
products containing this active ingredient.
Neither any Monsanto company employees nor any attorney reviewed 
any of the Expert Panel's manuscripts prior to submission to the journal.

I am out of the office today but
would be happy to call you if you think necessary. Just send me a quick email and I will respond.

Best Wishes

Ashley

Ashley Roberts,
Ph.D.

Senior Vice President

Food & Nutrition Group

Intertek Scientific 
& Regulatory Consultancy

Tel: +1
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E-mail: |@intertek.com

2233 Argentia Road,
Suite 201

Mississauga, Ontario Canada L5N 2X7

From: Ashley 
Roberts Intertek

Sent: March-11-16 12:36 PM

To: 'Roger,o .rncc ,e ilan@ £^ ^ H

Subject: RE: Glyphosate Manuscripts

Dear Roger,

Nice to talk to you the other day
about our current very interesting scientific climate!!! I have put together a declaration of interest preamble below (in 
red,) which would cover all of the authors of the introductory
manuscript. This would obviously be revised for the individual groups publications. Please could you let me know if 

this is in line with your thinking and the Journals requirements?

The authors of the manuscript is as shown on the cover page. The authors had sole responsibility for the writing and 
the content of the article, and the interpretations and opinions expressed in the paper are those 
of the authors.

Gary Williams, Sir Colin Berry, David
Brusick, Joao Lauro Viana de Camargo, Helmut Greim, David Kirkland, Keith Solomon and Tom Sorahan have previously 

served as independent consultants for the Monsanto Company or
the European Glyphosate Task Force. John Acquavella and Larry Kier were previously employees of the Monsanto 

Company, while Marilyn Aardema, Michele Burns, David Garabrant, Gary Marsh, Ashley Roberts and Douglas Weed 
declare no potential conflicts of interest.

The Expert Panel Members recruitment and evaluation of the data was organized and conducted by Intertek Scientific 
& Regulatory Consultancy (Intertek). The Expert Panelists acted as consultants for Intertek. Intertek 
(previously Cantox) is a consultancy firm that provides scientific and regulatory advice, as well as safety and efficacy 

evaluations for the chemical, food and pharmaceutical industries. While Intertek Scientific & Regulatory Consultancy 
has not previously
worked on glyphosate related matters for the Monsanto company, previous employees of Cantox had worked in this 

capacity.
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Funding for this evaluation was provided by the Monsanto Company which is a primary producer of glyphosate and 
products containing this active ingredient.
Neither Monsanto nor any attorney reviewed any of the Expert 
Panel's manuscripts prior to submission to the journal.

If you think some
revisions/amendments are required, I would be most happy to receive your 
suggestions.
I will be sending
you the introductory chapter on Monday as I have just been told that one
of the authors is going to work on this over the weekend. I gave him over a week to do this and gave him a deadline 

of today but what can you doll!
All the
Best
Ashley

Ashley Roberts,
Ph.D.

Senior Vice President

Food & Nutrition Group

Intertek Scientific 
& Regulatory Consultancy

Tel: +1

l@intertek.com

2233 Argentia Road, 
Suite 201

Mississauga, Ontario Canada L5N 2X7

From: Ashley 
Roberts Intertek

Sent: February-26-16 5:19 PM

To: 'Roger.o.mcclellan(a^^^|

Subject: RE: Glyphosate Manuscripts
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Dear Dr. McClellan,

I received your voice mail 
message. Thank you.

Unfortunately, I will not be
attending the SOT this year. I have young staff members hungry to learn and grow within the industry, so I feel that it 
much more worthwhile for them to attend than myself. We have 
9 people going from our group and some will be presenting posters etc.

Best Wishes

Ashley

Ashley Roberts,
Ph.D.

Senior Vice President

Food & Nutrition Group

Intertek Scientific 
& Regulatory Consultancy

Tel: +1

Fax: +1

: : '! a i; : ' ' rte<

2233 Argentia Road,
Suite 201

Mississauga, Ontario Canada L5N 2X7

From: Ashley 
Roberts Intertek

Sent: February-26-16 1:41 PM

To: ‘Roger.o.mcclellan@^^^|'

Subject: Glyphosate Manuscripts
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Dear Dr. McClellan,

In follow-up to our
discussions this morning, please find attached the individual manuscripts covering the Expert panels responses to the 
IARC Monograph. I have not included all of the figures and supplemental information at this stage 
for risk of clogging up your email.

If you have any
comments/questions, please do not hesitate to contact me.

Looking forward to hearing 
from you

Many Best Wishes

Ashley

Ashley Roberts,
Ph.D.

Senior Vice President

Food & Nutrition Group

Intertek Scientific 
& Regulatory Consultancy

Tel: +1

Fax: +1

L-ii ,!il ' ’ n ek .cu n'

2233 Argentia Road,
Suite 201

Mississauga, Ontario Canada L5N 2X7

Valued Quality. Delivered.

CONFIDENTIALITY NOTICE
This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipient then please notify us by return email immediately. 
Should you have received
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this email in error then you should not copy this for any purpose nor disclose its contents to any other person. 
http://www.intertek.com
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Roger McClellan

From:
Sent:
To:
Cc:
Subject:

Whalley, Charles @tandf.co.uk>
Friday, April 15, 2016 5:25 AM 
Roger McClellan
mbmorgan
RE: Any legal requests to T and F or related companies

Dear Roger,

Further to the below, I can confirm that our current understanding is that Taylor & Francis has not disclosed any 
reviewer comments on this article. We're still investigating with the various parties who could've had access to the 
reviewer comments. I'll update you on our findings.

As for your broader question, for now I can only refer you to mine and Didi's previous emails to you on T&F's policy on 
this issue. I’ll get back to you on this soon. I'm still seeking further legal guidance.

In return, could you let me know the nature of the litigation in which these reviewer comments have been raised, and 
your understanding of how this relates to the journal? I'd be grateful for whatever background you can give here.

Best wishes,
Charles

----Original Message.......
From: Whalley, Charles 
Sent: 15 April 2016 08:14 
To: 'Roger McClellan'
Cc: mbmorgan(S^^^^^^^
Subject: RE: Any legal requests to T and F or related companies 

Dear Roger,

Thanks for passing this on. I'm going to need to consult internally on this. I'm afraid. I'll get back to you as soon as I can.

I'm working from home today, so won't be reachable via telephone, but I'm back at my desk next week.

All best wishes as ever,
Charles

.......Original Message........
From: Roger McClellan [mailto:roger.o.mcclellan(a^^^|]
Sent: 14 April 2016 22:48 
To: Whalley, Charles
Cc: roger.o.mcclellanfg^^^J m b m o rg a n iS ^ J^ U ^
Subject: Any legal requests to T and F or related companies

Charles:
I was very disturbed to recently learn that reference was made in US Federal Court to "confidential review comments" 

for a paper Paustenbach etal, A review of the health hazards of cobalt, CRT, 43; 316-362 (2013). Does T and F have a 
record of releasing "confidential review comments" for this or any other paper published by Dr Dennis Paustenbach

RM 000263
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and/or his associates in CRT? It is possible that the lawyers might have attempted to use a subpoena or merely made 
contact by telephone or e-mail. It is possible the lawyers used some means other than contacting T and F to obtain the 
"confidential review comments", possibly contacting a reviewer. This case is remarkable since the lawyers apparently 
had copies of multiple review comments on the paper.

I am hoping that this does not occur again in the future. Can you provide me assurance that in the event T and F 
receives a legal or any inquiry for release of "confidential review comments" that T and F will immediately contact me 
before taking any action with regard to release of the "confidential review comments"?

As you know, I have strongly held views that all transactions between authors, reviewers and the Editor concerning a 
paper are confidential and private. Moreover, if this curtain of confidentiality is removed it can c a u s e  irreparable h a rm  
to the review process and, in doing so, to the author(s). Editor, reviewers and publisher. Hence, I will personally 
strongly object to release of any "confidential review comments" even if served a legal subpoena. I would hope T and F 
and its affiliates would hold similar views and support me and my position as an Editor under contract to T and F.

I welcome your response to my specific question on release of comments on this specific paper. Moreover, I welcome 
your comments on the larger issue.

Best regards,
Roger

1 2 1
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Roger McClellan

From:
Sent:
To:
Ce:
Subject:
Attachments:

Roger McClellan <roger.o.mcclellan(ôfl|H>
Friday, April 15, 2016 12:39 PM 
Charles Whalley@tandf^H
' ■ ' : t ^  : • • '
Fw; RE Any legal requests to T and F or related companies 
jj trial scan 2 .pdf

Charles:
Thanks for the quick response on this matter. I left a telephone message for you before I read your e-mail indicating 

you were working from your home today. Your message is re-assuring.
The official tile of the legal case is shown on the top of the transcript which I have attached. You can obtain 

additional details by goggling on key words such as hip implants, Depuy, Johnson and Johnson, etc. It is my 
understanding that more than 6000 cases have been filed alleging failure of the implant and/or harm to health from 
these particular "metal on metal" implants which have now been removed from the market.

In this specific case the court consolidated several cases. It is my understanding the Jury awarded the plaintiffs 
represented by Attorney Mark Lanier about $500 million. Other cases are in the "pipeline. It is my understanding that 
Johnson and Johnson has set aside about $2.5 billion in US dollars to cover potential losses related to these cases.

What I know about the case is derived from the transcript I have attached. The paper by Paustenbach etal (2013) 
was apparently introduced as evidence by the Defendants in the case just tried. The paper concludes that systemic 
toxicity from Cobalt reaching the blood occurs only when very high blood levels of Cobalt are encountered. As I 
understand it, the Plaintiff's counsel apparently tried to trash the Defendants expert, Dr Boyer, by indicating he had not 
considered the negative review comments (reviewer 3) on the paper thereby under-mining the credibility of Dr Boyer 
and the paper. Dr Boyer was obviously surprised because he had never seen the reviewers comments. The key question 
is how did the plaintiffs lawyer, Mark Lanier, gain access to the review comments?

As an aside, I have reviewed the process and specifics of how the paper was submitted, reviewed and accepted. I 
feel confident that the paper was rigorously reviewed and the authors appropriately responded to review comments 
which helped improve the paper resulting in its acceptance. Indeed, one could argue the Journal comes out OK in the 
exchange..

My concern relative to the Journal is whether a breach occurred in the review / production process that allowed 
release of "confidential review comments". This could cause authors and reviewers to lose confidence in the Editor, the 
journal and publisher.

I appreciate what you have done to date. Moreover, I will appreciate further efforts by you, Didi and Taylor and 
Francis to identify any potential breaches in the confidentiality of the review and production system.

Best regards,
Roger

> From: Whalley, Charles <Charles.Whalley@tand^^J>
> Subject: RE: Any legal requests to T and F or related companies
> To: "Roger McClellan" <roger.o.mcclellan(S^^^|>
> Cc: "mbmorgan<a>harg ray^ ^ J <mbmorgan(S>hargra y ^ ^ J
> Date: Friday, April 15, 2016, 4:24 AM
> Dear Roger,
>
> Further to the below, I can
> confirm that our current understanding is that Taylor & Francis has
> not disclosed any reviewer comments on this article. We're still
> investigating with the various parties who could've had access to the
> reviewer comments. I'll update you on our findings.
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>
> As for your broader question,
> for now I can only refer you to mine and Didi's previous emails to you
> on T&F's policy on this issue.
> I'll get back to you on this soon. I'm still seeking further legal
> guidance.
>
> In
> return, could you let me know the n a t u r e  o f  the litigation in which
> these reviewer comments have been raised, and your understanding of
> how this relates to the journal? I'd be grateful for whatever
> background you can give here.
>
> Best wishes,
> Charles
>
>— Original Message—
> From: Whalley, Charles
> Sent:
>15 April 2016 08:14
> To: 'Roger
> McClellan'
> Cc: mbmorgan@hargra\^^
> Subject: RE: Any legal requests to T and F or related companies
>
> Dear
> Roger,
>
> Thanks for passing
> this on. I'm going to need to consult internally on this. I'm afraid.
> I'll get back to you as soon as I can.
>
> I'm working f r o m
> home today, so won't be reachable via telephone, but I'm back at my
> desk next week.

> All best wishes as ever,
> Charles
>
> ...Original Message----
> From: Roger McClellan [mailto:roger.o.mcclellan(
>
> Sent: 14 April 2016 22:48
> To: Whalley, Charles
> Cc: roger.o.mcclellan(
> mbmorgan@hargray|
> Subject: Any legal requests to T and F or related companies
>
> Charles:
> I was
> very disturbed to recently learn that reference was made in US Federal
> Court to "confidential review comments"

■
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> for a paper Paustenbach etal, A review of the health hazards of
> cobalt, CRT, 43; 316-362 (2013). Does T and F have a record of
> releasing "confidential review comments"
> for this or any other paper published by Dr Dennis Paustenbach and/or
> his associates in CRT? It is possible that the lawyers might have
> attempted to use a subpoena or merely made contact by telephone or
> e-mail. It is possible the lawyers used some means other than
> contacting T and F to obtain the "confidential review comments",
> possibly contacting a reviewer. This case is remarkable since the
> lawyers apparently had copies of multiple review comments on the
> paper.
> I am hoping
> that this does not occur again in the future. Can you provide me
> assurance that in the event T and F receives a legal or any inquiry
> for release of "confidential review comments" that T and F will
> immediately contact me before taking any action with regard to release
> of the "confidential review comments"?
>
> As you know, I have strongly held views that all transactions
> between authors, reviewers and the Editor concerning a paper are
> confidential and private. Moreover, if this curtain of confidentiality
> is removed it can cause irreparable harm to the review process and ,
> in doing so, to the author(s), Editor, reviewers and publisher. Flence,
> I will personally strongly object to release of any "confidential
> review comments" even if served a legal subpoena. I would hope T and F
> and its affiliates would hold similar views and support me and my
> position as an Editor under contract to T and F.
> I welcome your response to my
> specific question on release of comments on this specific paper.
> Moreover, I welcome your comments on the larger issue.
> Best regards,
> Roger
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^Rocjer^M cCJeM ari

From:
Sent:
To:
Cc:
Subject:
Attachments:

!-:?qer ‘. U i a  or. rnger n
Friday, ApriM5, 2016 12:39 PM
Charles.Whalley@tan<H |
roger.o mcclellarus^^^l mbmorgan@hargray^^ Didi Peng@informa 
Fw: RE: Any legal requests to T and F or related companies 
jj trial scan 2 .pdf

Charles:
Thanks for the quick response on this matter. I left a telephone message for you before I read your e-mail indicating 

you were working from your home today. Your message is re-assuring.
The official tile of the legal case is shown on the top of the transcript which I have attached. You can obtain 

additional details by goggling on key words such as hip implants, Depuy, Johnson and Johnson, etc. It is my 
understanding that more than 6000 cases have been filed alleging failure of the implant and/or harm to health from 
these particular "metal on metal" implants which have now been removed from the market.

In this specific case the court consolidated several cases. It is my understanding the Jury awarded the plaintiffs 
represented by Attorney Mark Lanier about $500 million. Other cases are in the "pipeline. It is my understanding that 
Johnson and Johnson has set aside about $2.5 billion in US dollars to cover potential losses related to these cases.

What I know about the case is derived from the transcript I have attached. The paper by Paustenbach etal (2013) 
was apparently introduced as evidence by the Defendants in the case just tried. The paper concludes that systemic 
toxicity from Cobalt reaching the blood occurs only when very high blood levels of Cobalt are encountered. As I 
understand it, the Plaintiff's counsel apparently tried to trash the Defendants expert, Dr Boyer, by indicating he had not 
considered the negative review comments (reviewer 3) on the paper thereby under-mining the credibility of Dr Boyer 
and the paper. Dr Boyer was obviously surprised because he had never seen the reviewers comments. The key question 
is how did the plaintiffs lawyer, Mark Lanier, gain access to the review comments?

As an aside, I have reviewed the process and specifics of how the paper was submitted, reviewed and accepted. I 
feel confident that the paper was rigorously reviewed and the authors appropriately responded to review comments 
which helped improve the paper resulting in its acceptance. Indeed, one could argue the Journal comes out OK in the 
exchange..

My concern relative to the J o u r n a l  is whether a breach occurred in the review / production process that allowed 
release of "confidential review comments". This could cause authors and reviewers to lose confidence in the Editor, the 
journal and publisher.

I appreciate what you have done to date. Moreover, I will appreciate further efforts by you, Didi and Taylor and 
Francis to identify any potential breaches in the confidentiality of the review and production system.

Best regards,
Roger

> From: Whalley, Charles <Charles.Whalley@tandf^^^
> Subject: RE: Any legal requests to T and F or related companies
> To: “Roger McClellan" <roger.o.mcclellan@^^^|>
> Cc: "mbmorgan@)hargrav^^|" <mbmorgan@hargray^^H
> Date: Friday, April 15, 2016, 4:24 AM
> Dear Roger,
>
> Further to the below, I can
> confirm that our current understanding is that Taylor & Francis has
> not disclosed any reviewer comments on this article. We're still
> investigating with the various parties who could've had access to the
> reviewer comments. I'll update you on our findings.
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> As for your broader question,
> for now I can only refer you to mine and Didi's previous emails to you
> on T&F's policy on this issue.
> I'll get back to you on this soon. I'm still seeking further legal
> guidance.
>
> In
> return, could you let me know the nature of the litigation in which
> these reviewer comments have been raised, and your understanding of
> how this relates to the journal? I'd be grateful for whatever
> background you can give here.
>
> Best wishes,
> Charles
>
> — Original Message.......
> From: Whalley, Charles
> Sent:
>15 April 2016 08:14 
>To: 'Roger
> McClellan'
> Cc: mbmorgan@hargray^H
> Subject: RE: Any legal requests to T and F or related companies
>
> Dear
> Roger,
>
> Thanks for passing
> this on. I'm going to need to consult internally on this, I'm afraid.
> I'll get back to you as soon as I can.
>
> I'm working from
> home today, so won't be reachable via telephone, but I'm back at my
> desk next week.
>
> All best wishes as ever,
> Charles
>
> — Original Message—
> From: Roger McClellan [mailto:roger.o.mcclellan(5^^Jt]
>
> Sent: 14 April 2016 22:48
> To: Whalley, Charles
> Cc: roger.o.mcclellan(
> mbmorgan@hargray|
> Subject: Any legal requests to T and F or related companies
>
> Charles:
> I was
> very disturbed to recently learn that reference was made in US Federal
> Court to "confidential review comments"
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> for a paper Paustenbach etal, A review of the health hazards of
> cobalt, CRT, 43; 316-362 (2013). Does T and F have a record of
> releasing "confidential review comments"
> for this or any other paper published by Dr Dennis Paustenbach and/or
> his associates in CRT? It is possible that the lawyers might have
> attempted to use a subpoena or merely made contact by telephone or
> e-mail. It is possible the lawyers used some means other than
> contacting T and F to obtain the "confidential review comments",
> possibly contacting a reviewer. This case is remarkable since the
> lawyers apparently had copies of multiple review comments on the
> paper.
> I am hoping
> that this does not occur again in the future. Can you provide me
> assurance that in the event T and F receives a legal or any inquiry
> for release of "confidential review comments" that T and F will
> immediately contact me before taking any action with regard to release
> of the "confidential review comments"?
>
> As you know, I have strongly held views that all transactions
> between authors, reviewers and the Editor concerning a paper are
> confidential and private. Moreover, if this curtain of confidentiality
> is removed it can cause irreparable harm to the review process and ,
> in doing so, to the author(s). Editor, reviewers and publisher. Hence,
> I will personally strongly object to release of any "confidential
> review comments" even if served a legal subpoena. I would hope T and F
> and its affiliates would hold similar views and support me and my
> position as an Editor under contract to T and F.
> I welcome your response to my
> specific question on release of comments on this specific paper.
> Moreover, I welcome your comments on the larger issue.
> Best regards,
> Roger
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Roger McClellan

From:
Sent:
To:
Ce:
Subject:

Roger McClellan <roger.o.mcdellan(g^^^>
Friday, April 15, 2016 1:31 PM 
Charles.Whalley@tandfMJ
roger.o.mcclellan@fl^fimbmorgan@flH^|HHDidi.Peng@mforma.c^P 
Re. Fw: RE: Any legal requests to T and F/ FOLLOWUP • MAJOR GOOF

Charles and Didi:
Mildred Morgan and I have gone back to the Critical Reviews in Toxicology web site and reviewed the Paustenbach 

etal (2013) paper available on line. Much to our dismay, under Supplemental Material, the review comments on the 
paper are available.

It appears that the authors attached the Review Comments as Supplemental material when the revised paper was 
submitted. This error was not caught by either Mildred or me. Most importantly, this error was not caught later during 
the production process by the Production Editor, the Production staff, m e, Mildred or the authors. It is my opinion, the 
key final check points should be the checking of the galleys by authors and, for the Journal, the Production Editor.

With regard to this specific paper, please have the Supplemental Material removed ASAP from the CRT web site.
With regard to the Production process, Mildred will more carefully check as materials are handed off to the 

Production Editor to see the files are appropriate. I am also asking T and F to work with Scholar One to see that the 
process is as simple and straight forward as possible, I ask that because I am concerned the process has become more 
complex over time And see changes introduced that I have never approved. I assume the changes have been made in 
response to requests from others. I also strongly recommend that a specific step be added to the Production Process in 
which the Production Editor reviews ALL files BEFORE the material is sent to the Production staff. It is my understanding 
that step is not taken now. This major problem on the Paustenbach paper illustrates that past practices have not been 
adequate.

Please keep me posted as to actions taken by you and others. Also, let me know if you have any special insights on 
these matters.

Best regards,
Roger

On Fri, 4/15/16, Roger McClellan <roger.o.mcclellan@att^|> wrote:

Subject: Fw: RE: Any legal requests to T and F or related companies 
To: Charles.Whalley@tandf^^|
Cc: roger.o.mcciellan(a^^^Hrnbmorgan@hargray|
Date: Friday, April 15, 2016, 11:39 AM

Charles:
Thanks for the quick

response on this matter. I left a telephone message for you before I read your e-mail indicating you were working from 
your home today. Your message is re-assuring.

The official tile of the legal
case is shown on the top of the transcript which I have attached. You can obtain additional details by goggling on key 
words such as hip implants, Depuy, Johnson and Johnson, etc. It is my understanding that more than 6000 cases have 
been filed alleging failure of the implant and/or harm to health from these particular "metal on metal" implants 
which have now been removed from the market.

In this specific case the
court consolidated several cases. It is my understanding the Jury awarded the plaintiffs represented by Attorney Mark 
Lanier about $500 million. Other cases are in the "pipeline.

Didi.Peng@informal
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It is my understanding that Johnson and Johnson has set aside about $2.5 billion in US dollars to cover potential losses 
related to these cases.

What I know about the case
is derived from the transcript I have attached. The paper by Paustenbach etal (2013) was apparently introduced as 

evidence by the Defendants in the case just tried. The paper concludes that systemic toxicity from Cobalt reaching the 
blood occurs only when very high blood levels of Cobalt are encountered. As I understand it, the Plaintiff's counsel 
apparently tried to trash the Defendants expert. Dr Boyer, by indicating he had not considered the negative review 
comments (reviewer 3) on the paper thereby under mining the credibility of Dr Boyer and the paper. Dr Boyer was 
obviously surprised because he had never seen the reviewers comments.
The key question is how did the plaintiffs lawyer, Mark Lanier, gain access to the review comments?

As an aside, I have reviewed
the process and specifics of how the paper was submitted, reviewed and accepted. I feel confident that the paper was 
rigorously reviewed and the authors appropriately responded to review comments which helped improve the paper 
resulting in its acceptance. Indeed, one could argue the Journal comes out OK in the exchange..

My concern relative to the
Journal is whether a breach occurred in the review / production process that allowed release of "confidential review 
comments". This could cause authors and reviewers to lose confidence in the Editor, the journal and publisher.

I appreciate what you
have done to date. Moreover, I will appreciate further efforts by you, Did! and Taylor and Francis to identify any 

potential breaches in the confidentiality of the review and production system.
Best regards,
Roger

> From: Whalley, Charles <Charles.Whalley@tand^^H>>Subject: RE: Any legal requests to T and F or related 
companies > To: "Roger McClellan" <roger.o.mcclellan@^^^|> > Cc: "mbmorgan@hargray 
<mbmorgan@hargray^J>
> Date: Friday, April 15, 2016,4:24 AM > Dear Roger, > > Further to the below, I can > confirm that our current 
understanding is that Taylor & > Francis has not disclosed any reviewer comments on this > article. We're still 
investigating with the various > parties who could've had access to the reviewer > comments. I'll update you on our 
findings.
>
> As for your broader question,
> for now I can only refer you to mine and Didi's previous > emails to you on T&F.'s policy on this issue.
> I'll get back to you on this soon. I'm still seeking > further legal guidance.
>
> In
> return, could you let me know the nature of the litigation > in which these reviewer comments have been raised, and 

your > understanding of how this relates to the journal? I'd be > grateful for whatever background you can give here.
>
> Best wishes,
> Charles
>
> — Original Message----
> From: Whalley, Charles
> Sent:
>15 April 2016 08:14
> To: 'Roger
> McClellan'
> Cc: mbmorgan(a>hargray^H
> Subject: RE: Any legal requests to T and F or > related companies > > Dear > Roger, > > Thanks for passing > this 
on. I'm going to need to consult internally on > this, I'm afraid. I'll get back to you as soon as I > can.
>
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> I'm working from
> home today, so won't be reachable via telephone, but > I'm back at my desk next week.

> All best wishes as ever,
> Charles
>
> --Original Message........
> From: Roger McClellan [mailtorroger.o.mcclellani
>
> Sent: 14 April 2016 22:48
> To: Whalley, Charles
> Cc: roger.o.mcclellani
> mbmorgani
> Subject: Any legal requests to T and F or > related companies > > Charles:
> I was
> very disturbed to recently learn that reference was made in > US Federal Court to "confidential review comments"
> for a paper Paustenbach etal, A review of the health hazards > of cobalt, CRT, 43; 316-362 (2013). Does T and F have 
a > record of releasing "confidential review comments"
> for this or any other paper published by Dr Dennis > Paustenbach and/or his associates in CRT? It is possible > that 

the lawyers might have attempted to use a subpoena or > merely made contact by telephone or e-mail. It is possible > 
the lawyers used some means other than contacting T and F to > obtain the "confidential review comments", > 
possibly contacting a reviewer. This case is remarkable > since the lawyers apparently had copies of multiple review > 
comments on the paper.
> I am hoping
> that this does not occur again in the future. Can you > provide me assurance that in the event T and F receives a > 
legal or any inquiry for release of "confidential > review comments" that T and F will immediately contact > me before 
taking any action with regard to release of the > "confidential review comments"?
>
> As you know, I have strongly held views that > all transactions between authors, reviewers and the Editor > 
concerning a paper are confidential and private.
Moreover,
> if this curtain of confidentiality is removed it can cause > irreparable harm to the review process and , in doing so, > 
to the author(s), Editor, reviewers and publisher.
Hence, I
> will personally strongly object to release of any > "confidential review comments" even if served a > legal subpoena. I 

would hope T and F and its affiliates > would hold similar views and support me and my position as > an Editor under 
contract to T and F.
> I welcome your response to my
> specific question on release of comments on this specific > paper. Moreover, I welcome your comments on the larger
> issue.
> Best regards,
> Roger
>
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JRocjer̂ McCleHati

From:
Sent:
To:
Cc:
Subject:

Whalley, Charles «Charles.Whalley@tand^^H >
Monday, April 18, 2016 10:18 AM _______
Roger McClellan (roger.o.mcclellan(5^^^|
Mildred; Peng, Didi; Whittle, Jenna
CONFIDENTIAL — CRT Paustenbach et al 43(4) and supplemental material

Dear Roger,

It was a pleasure to chat this afternoon, as ever, albeit unfortunately only on things that have gone wrong. 
Once again, please accept my apologies for the inadvertent publishing of the comments to reviewers as 
supplemental material for the Paustenbach article. As we’ve discussed before, T&F considers review 
comments in C R T  to be confidential, so I do regret that this error occurred.
Based on our investigations, it would seem that this error explains how the review comments came to be cited 
in federal court in Texas earlier this year. To confirm, we've no record of consciously releasing any information 
relating to this manuscript on any request. Additionally, any 3,d party with access to review comments is bound 
to inform us of any request, and we've had no such notification. Whilst this is all a little academic now that 
we've found the problem, I hope this reassures you as to our general practice.
As I mentioned on the phone, I would stress that the Production processes in place now are much changed 
from those on the journal in 2012 and 2013, and that I wouldn't take this error as indicative of any serious 
procedural problems. However, I do think we could do with looking at how we work with supplemental material, 
both in ScholarOne Manuscripts and through CATS, and will discuss this with Jenna and with you and Mildred 
in due course.
I’ll discuss some of the steps with Jenna tomorrow, as well as how supplemental material is presented in the 
typeset articles. I know you've some concerns here, in particular in regards to proofs for the Maronpot 
manuscript. Jenna and I will get to work on addressing them for you.
Finally, as agreed, I’d be grateful if you can either forward the attachments from Dr Tvermoes to me or ask the 
authors to send them to me directly, so that I can pursue some remaining mysteries around the Paustenbach 
article if possible.
All best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Science Journals 
Taylor 8 Francis Group

Oxon, 0X14 4RN. UK

Taylor & Francis is a trading name ol Informa UK Limited, 
registered in England under no. 1072954
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RogerJWcCleNari

From: Ashley Roberts Ir tertek
Sent: Tuesday, May 3, 2016 2:13 PM
To: roger.o.mcclelland^^H
Cc: mbmorgan@hargray^H
Subject: RE: Critical Reviews in Toxicology

Dear Roger,

@intertek.com >

Hope all is going well? I was just wondering if you could give me a quick update as to where we currently stand on the 
review of the glyphosate manuscripts.

Thanking you in anticipation

Ashley

Ashley Roberts, Ph.D.
Senior Vice President 
Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Tel: +11
Fax: + ll
E-mail: |^^^^^^^^Hntertek.com 
2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

— Original Message.......  . . .
From: onbehalfof+roger.o.mcclellar^^^B@manuscriptcentral.com
[mailto:onbehalfof+roger.o.mcclellar^^^J@manuscriptcentral.com] On Behalf Of roger.o.mcclellan(5^^^
Sent: April-23-16 7:14 PM
To: Ashley Roberts Intertek; Judy Vowles Intertek
Cc: roger.o.mcclellar^^^^J  mbmorgan@hargrav^^
Subject: Critical Reviews in Toxicology

23-Apr-2016

BTXC-2016-0027 - Carcinogenicity bioassay Expert Panel review 

Dear Dr Ashley Roberts:

The review comments on the five papers are starting to come in and are generally quite positive.

One issue that has been raised is access to ALL the bioassay results including material submitted for registration. 
Apparently, some of these results were not considered by IARC. If there is any question about such information you 
could include the basic data for any previously unpublished paper as Supplemental Information to one of the submitted 
papers. Supplemental Material is not included in the hard copy version of the papers that have been type set, rather the 
Supplemental Material is available electronically just as submitted.
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At least one of the reviewers from Europe has made reference to a review meeting starting about May 8 th. You are 
probably aware of the meeting. Do you intend to submit these papers to that meeting. I am not certain the reviews will 
be completed by then, I am certain any required revision of the papers will not be completed by then. I would be willing 
to have the papers submitted to such a meeting for distribution only to participants with the understanding the papers 
have been submitted to CRT and are still undergoing review.

Sincerely,
Dr Roger McClellan 
Critical Reviews in Toxicology

Visit www.informapharmascience.com and sign up for free eTOC alerts to all Informa Pharmaceutical Science journals 

Valued Quality. Delivered.

CONFIDENTIALITY NOTICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipient then please notify us by return email immediately. 
Should you have received this email in error then you should not copy this for any purpose nor disclose its contents to 
any other person.

http://www.intertek.com

5

RM 000276

http://www.informapharmascience.com
http://www.intertek.com


^ o g e iJW c C ie H a r i

From: onbehalfof+roger.o.mcclellan @manuscriptcentral.com on behalf of
roger.o.mcclellanC
Sunday, May 8 , 2016 5:57 PM
ashley.roberts@ judy.vowles@inte
roger.o.mcclella >morgan@hargra
Critical Reviews in Toxicology

Sent:
To:
Cc:
Subject:

08-May-2016

BTXC-2016-0025 - Glyphosate: Carcinogenic potential -  A Critical review using four Expert Panels 

Dear Dr Ashley Roberts:

I have spent the afternoon re-reading the glyphosate papers and reading the comments received to date from external 
reviewers. I have reached several over-riding conclusions on the papers as a group that I wish to convey to you now.

First, I suggest that you start now to develop revised Declarations of Interest. These need to be as complete and 
transparent as possible. When reference is made to past employment by or consulting for Monsanto it will be important 
to note the specific years. I think you will need to critically review how authors show their affiliation. This is important 
since the individuals, the review process, the writing of the papers and the journal review process are likely to be 
intensively scrutinized. For example, many show an academic appointment. Is this appropriate as a first affiliation if they 
were compensated via their private consulting firm?

Second, these papers are a critique of the IARC review process and conclusions. Thus, it is critical to be very specific 
about the IARC review process and specific conclusions. Then it will be necessary to clearly compare and contrast the 
IARC conclusions and those of your Panels. This can be done most readily in some cases using direct quotes from IARC 
and a compare and contrast approach. The authors should not try to hide behind the argument they were conducting a 
scientific review and not really critiquing IARC. That will not fly with many readers.

Third, the present reviews suffer from a lack of time lines other than revealed by references. Much of this review has a 
historical time line. I suggest that his should be revealed in tables and or graphs. This is critically important for the 
carcinogenicity assays, the exposure studies and epidemiology studies. As an aside, having read the papers I am still 
uncertain as to when it first went on the market in the USA and other countries. Likewise, the reference to multiple past 
reviews was interesting but rambling. It is not clear when many were conducted. I kept looking for 'the table" I would 
use to present this to an interested audience. Unfortunately, it was not there.

Fourth, access to unpublished data is of paramount importance. Please make certain all unpublished data that is of key 
importance is available in the papers, electronic supplements or key linkages are available. For example, how does one 
access the various exposure reports prepared for Monsanto.

Fifth, it is time to be thinking about a more appropriate set of titles for the linked papers.

I hope these comments are useful to you now since I think it will be important that they are covered as the papers are 
revised. It is important that to recognize that the majority of readers do not have the same background knowledge on 
IARC and glyphosate as you and the Panel members. Another small group of readers know the material inside and out 
and will be ready to attack the panel and conclusions on every slipup.
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Sincerely,
Dr Roger McClellan 
Critical Reviews in Toxicology

Visit www.informapharmascience.com and sign up for free eTOC alerts to all Informa Pharmaceutical Science journals
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R o g e r M cC le llan

From: Roger McClellan <roger.o.mcdellan(ô^^^J
Sent: Wednesday, May 11, 2016 10:08 AM
To: Ashley Roberts
Cc: Mildred: Roger McClellan
Subject: Papers to Ashley Roberts

Ashley:
By copy of this e-mail I am asking Mildred Morgan to send you the 8  reviews we have in hand on BTXC-2016-0025 

(Summary) and the 3 reviews we have in hand on BTXC-2016-0026 (Exposure). I am waiting for 2 additional sets of 
review comments on both papers before sending you an official decision letter. You will find these comments helpful in 
jump starting your revision of both papers.

As I have noted it is going to be very important to clearly state the approach used by IARC and their conclusions and 
the approach used by the InterTek review team and their conclusions and then compare and contrast the two processes 
and results. In referencing IARC it will be important to be very precise in use of language. For example, the summary 
paper concludes with a statement that the InterTek Panel concluded " glyphosate is not carcinogenic". In contrast, IARC 
for category 4 uses the descriptor -"probably not carcinogenic to humans". As I recall, IARC has only placed one 
chemical, caprolactam, in this category.
Best regards,
Roger
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J ôcjer^McCleMaii

From:
Sent:
To:
Cc:
Subject:

Roger McClellan <roger o n ic c le lld i^ ^ ^ ^ J
Wednesday, May 11, 2016 12:07 PM
Ashley Roberts
Roger McClellan; Mildred
Re: Reviews of Summary and Exposure Papers/ Followup

Ashley:
I urge you at some point in the process to share these comments on the Summary paper with the lead authors on all 

the papers (indeed, perhaps all authors) so they will appreciate the range of comments offered on the Summary. To a 
large extent, these comments are also highly relevant to the other papers in this constellation.

Best regards, Roger

On Wed, 5/11/16, Mildred Morgan <mbmorgan@hargray^^P wrote:

Subject: Reviews of Summary and Exposure Papers 
To: ashley.roberts@intertel^^|
Cc: "Roger McClellan" <roger.o.mcclellar^ m ^ m  
Date: Wednesday, May 11, 2016, 10:56 AM

Dear Dr. Roberts:

Dr. McClellan asked me to send you the attached 8  reviews in hand on the Summary Paper and the 3 reviews on the 
Exposure paper.

Mildred Morgan
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Roger McClellan

From:
Sent:
To:
Cc:

Subject:

Gunnar Johanson se -
Thursday, May 12, 2016 8:50 AM
Whalley, Charles; Roger McClellan___________ __________
s.tsuda@iwate-u^ ^ H dellarcov(o^ ^ ^ ^ ^ : david.warh e it@ c^ ^ |^ B ^  
davd  K o rn s ’ : "¡o''. ; , : ' :  ~ i 7 ~ ' B i | |
f.guengerich@vanderbil^^B Samuel Cohen 
SV: SV: 5 Glyphosate Papers/ Comments from Gunnar

Thank you Charles for your prompt answer. What you say Is all well, except that it is not satisfying with the secret 
agreement monetary agreement between T&F and the authors/sponsors. In my view, this should not be a business 
secret but similar as for regular open access articles where T&F openly declares the fees. The secrecy around the 
supplements opens up for suspicions of economic incentives for Taylor & Francis which in turns spills over to the journal 
since, even if there are no extra incentives for the supplements, I assume that the Chief Editor receives a salary or 
honorarium for his work (as he rightly should considering the importance of the task and all the effort he puts into it). 
Does anyone else have thoughts on this?
Best regards,
Gunnar

Gunnar Johanson | Ph D | Professor

Head Unit of Work Environment Toxicology 
Institute of Environmental Medicine

KarolinsKa Institutel
N o b e i^ a ^ ^ l P O Stockholm. Sweden

' ' ■:
mtfHT^e/en/inirn/untt-of-work-environment-toxicology 
http //www nordicexperlgroup org

Frân: Whalley, Charles [m ailtc |^ ^ ^ ^ ^ ^ ^ @ tandf.co.uk]
Skickat: den 10 maj 2016 1 8 :0 ^ ^ ^ ^ ^ ^ ^
T ill: Gunnar Johanson; Roger McClellan _____  _____  ____
Kopia: s.tsuda@iwate-u.ac j  dellarcov@gmailJ^| david.warheit@gmail^H david.dorman@nscu^J 
mbmorgan@ hargray^J rcc0022@auburn^^P!guengerich@vanderbilt^^^amuel Cohen 
Àmne: RE: SV: 5 Glyphosate Papers/ Comments from Gunnar

Dear all,
Many thanks for including me on your discussions here, as I'm grateful to hear your thoughts on this crucial 
issue for the journal.
As Gunnar has noted, C R T  commonly publishes supplements funded by industry sponsorship. These allow the 
authors to publish as a stand-alone issue separate from the normal schedule of issues, meaning that they can
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publish as soon as the articles are accepted. These supplements are commonly made free-to-view. and are 
promoted by Taylor & Francis. Unsurprisingly, industry groups often find this publication option attractive.

The sponsorship in no way guarantees acceptance. To reiterate Roger's comments, the commercial and 
editorial elements of the journal are entirely separate. Editorial policy is Roger's responsibility. We do not 
overrule or interfere in his decisions for commercial reasons. Similarly, these articles are subject to all the 
same peer review and scrutiny of their declarations of interest as any other manuscript. Additionally, to be 
clear, there is no financial incentive for anyone involved in the editorial process relating to sponsored 
supplements.

I can't comment on how much sponsors pay for these supplements, as this is commercially sensitive.
Regarding publishing a commentary alongside this proposed issue, I d be happy to make room for such an 
editorial, if that's Roger’s decision following this suggestion. I would suggest that the focus of such a 
commentary should be on the significance of these articles, as Vicki has suggested, with an additional 
opportunity to remind our readership of editorial policy around sponsored supplements and how it applies in 
this case. I will, however, leave this up to Roger
I hope this helps clarifies matters from the publisher’s perspective. Please do let me know if you have any 
further questions or comments on this. I'm very eager to hear them)
All best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Science Journals 
Taylor & Francis Group

Oxon. 0X14 4RN, UK

Taylor & Francis Is a trading name of Informa UK Limited, 
registered in England under no. 1072954

4 Park Square, Milton Park, Abingdon, 
Direct line

Stand! co uk 
www lanofonl.ne.com

From: Gunnar Johanson fmailtc 
Sent: 09 May 2016 14:44 
To : Roger McClellan
Cc : s.tsuda@iwate-u 
mbmoraan@hararav

lellarcovfa 
~cc0 0 2 2 @auburn

l@ki.sel

david.warheitü david.dorman@nscul

Subject: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar
Whalley, Charles; f.auenaerich&vanderbilt^^  Samuel Cohen

Thank you Roger for clarifying. It is good with the rigorous review and detailed COIs of CRT, I have no problem with 
those items or, for that matter, that industry (or other vested interests) funds research and expert groups and seek to 
publish their results.

My remaining concern is that it may be seen as industry is paying their way into the journal ("The authors/sponsors of 
these Supplemental Issues pay a special fee negotiated between the Authors /  Sponsors and Taylor and Francis. As the 
CRT Editor, I have nothing to do with this business transaction. My role is to assure thot all papers published in 
any Special Supplement receive the same, high quality rigorous review as papers published in regular issues"). I checked 
the last 15 supplemental papers in CRT, all stem from industry. It is reasonable that the authors/sponsors pay for the 
publication costs but not a lot more, as this might bias the review and publishing processes.

So, I would appreciate a clarification how much is paid by the authors/sponsors to the publisher and how editors and 
reviewers are reimbursed (if at all). Maybe Charles Whalley can respond to this?
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Best regards,
Gunnar

PS. I agree with Vicky about an accompanying commentary.

----Ursprungligt meddelande----
Fran: Roger McClellan lmailto:roeer.o.mcclellanta 
Skickat: den 8  maj 2016 21:42 
Till: Gunnar Johanson 
Kopia: s.tsuda(5)iwate-u.a c B  dellarcov 
mbmorgantSharerav^ ^ B roeer.o.mcclellan 
f.EuengerlchiSvanderbilt^^ B  Samuel Cohen 
Amne: Re: SV: 5 Glyphosate Papers/ Comments from Gunnar

david.warheitlj
|; rccOQ2 2 (a>auburn|

| ;  david.dormanfflnscu 
| Charles.Whallev(5)tandf

Gunnar and other members of the CRT Editorial Advisory Board
Gunnar, thank you for your e-mail concerning the publication of a Supplemental Issue including 5 papers on 

Glyphosate. Your e-mail was a follow up to our discussion of this matter at our Editorial Advisory Board in New Orleans 
and my distribution of copies of the papers.

By way of background, CRT in recent years has included 920 pages each year which have been published on line 
electronically and last year published at year end as a single printed copy. The authors of some papers have purchased 
on line access.

In addition to the regular issues, CRT has a long standing practice of publishing Special Supplements. The authors/ 
sponsors of these Supplemental Issues pay a special fee negotiated between the Authors / Sponsors and Taylor and 
Francis. As the CRT Editor, I have nothing to do with this business transaction. My role is to assure that all papers 
published in any Special Supplement receive the same, high quality rigorous review as papers published in regular 
issues. Indeed, the agreement between T and F and the Authors/Sponsors specifically note that publication of the 
Special Issue is contingent upon scientific review and acceptance of the papers. It does not guarantee acceptance.. The 
primary reason for publishing a Special Issue of CRT is to minimize the impact on our limited page budget. Papers 
included in the Special Supplements do not count against the current annual 920 page limit.

As I recall, CRT has published 3 papers in the recent past on Glyphosate. All three papers were downloaded many 
times and have been widely cited, including by IARC. One paper by Griem etal contained extensive supplemental 
material (This is different than a Special Issue Supplement). It is not clear how well IARC reviewed this paper and , 
especially, the electronic supplement. However, I can assure you that the electronic supplement is clearly marked in the 
text.

After the IARC review of glyphosate I was contacted by personnel from Monsanto and InterTek, a private consulting 
firm, as to my interest in considering one or multiple papers on glyphosate that would be a critique of the IARC review. I 
responded that I would be enthusiastic about considering one or multiple papers. I indicated my preference would be to 
have one large paper or a collection of papers to be published in a single issue. I indicated that since it was anticipated 
that these papers would be comprehensive and long I thought it unlikely these papers could be published in a regular 
issue. I noted that I would expect the papers to have comprehensive and transparent Declarations Of Interest, as is 
routine for CRT. As an aside, I know of no other scientific journal that has as rigorous a Declaration of Interest policy as 
CRT with publication of each DOI.

Gunnar has raised the issue of the employment affiliation of the authors and the past association of some of the 
authors with Monsanto. I expect that to be made clear in the DOIs. As a matter of policy, I do not think where an 
individual author is employed (academe, government, consulting firm, private consultant, etc) should be a determinant 
of whether a paper should be considered for publication. I do expect all relevant material relating to potential conflicts 
of interest to be disclosed in the DOI. Quite frankly, I am concerned by many journals allowing self proclamations from 
authors -"We have no conflicts of interest to declare." That is "eye wash". Conflicts of Interest are in the eyes of the 
beholder not the Declarer.
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I think my job as an Editor is to see that the submitted paper receive a rigorous review by outstanding experts from 
around the globe. In the case of the submitted glyphosate papers I think I have selected some outstanding reviewers, in 
some case up to 7 per paper. As an aside, how many of you have received 7 sets of external review comments on any 
paper, original research or review paper, you have authored? Many of you agreed to review one or more of the five 
papers. For that special effort I extend my thanks. I will be pleased to have you review any or all of the revised papers. I 
use the review comments to help guide my decision to accept, request revision or reject a paper. Most importantly, I 
expect the authors to use the review comments to further improve their revised paper.

The five glyphosate papers are still under review. In general, the review comments are very positive and constructive. 
Many reviewers noted they were pleased to have these papers published in CRT.

Gunnar has raised the issue of my publishing a commentary on the five papers as part of the Special Supplement. I 
have never published such a commentary for either a regular issue or Special Issue. MV basic view is that all papers 
published in CRT "speak for them selves'. However, I am willing to consider such a commentary for this Special Issue if 
you think it useful. If I were to prepare one it would include many of the points made here. Of course, I would also need 
to refer to the IARC process and the IARC decision on glyphosate. It is my view that the five papers published in CRT will 
represent the most comprehensive review of the world's literature on the potential carcinogenicity of glyphosate and be 
widely cited by others.

I welcome you views on this important matter.
Best regards,

Roger

On Mon, 5/2/16, Gunnar Johanson • |[5>ki.se> wrote:

Subject: SV: 5 Glyphosate Papers 
To: "Roger McClellan" <roeer.o.mcclellan(i 
"david dorman(S)ncsuj 
Cc: "s.tsuda(5>iwate-u.acl
Date: Monday, May 2, 2016, 4:27 AM

<david.warheit(<
[ <david dorman(5>ncsu| 
1 <s.tsuda(Q>iwate-u.ac.l ["Mildred" <mbmorgan(5)hargravl

Dear Roger,
How will this will be introduced in the journal, i.e. how will it be explained that the 5 papers appear in a separate 
volume (assuming they will be accepted for publication) ?
Nearly early all
authors are more or less connected to Monsanto. My concern is that this may be viewed as an industry input and, 
more important, that the integrity and independence of CRT may be questioned by the scientific community.
All the best 
Gunnar

— Ursprungligt meddelande----
Frän: Roger McClellan fmailto:roger.o.mcclellanf

Skickat: den 14 april 2016 20:55 
Till: david.warheitii 
david dorman(S>ncsL 
GunnarJohanson 
Kopia: s.tsuda(5>iwate-L 
roeer.o.mcclellan(5)attj 
Mildred
Ämne: Fw: 5 Glyphosate Papers
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— On Thu, 4/14/16, Roger McClellan <roger.o.mcclellan 
wrote:

> From: Roger
Mi Clc ¡a r c  ' ■ • ■ _ H B
> Subject: Fw: 5 Glyphosate Papers
> To: boUgjfado^B rcc0020@auburn.i lf.Euengerich(5) vanderbilt I

> "Samuel Cohen" <scohen(5)unmc^^ B
> Cc: "Roger McClellan" <roger.o.mcdellan(5^M ^^B "Mildred"
> <mbmorgan(5)harerav^^ B
> Date: Thursday, April 14, 2016,11:51 AM To all:
> Attached are five papers 
critiquing the IARC review of glyphosate.
> Assuming the papers are accepted after rigorous review, they will be > published in a single Special Supplement to 
CRT. I would be pleased if > you would agree to review the general paper and one or more of the > four detailed 
papers. If you are willing to review one or more paper > please linform my assistant, Mildred Morgan, 
mbmorgan(a>hargray^^ B  and > you will be formally invited.
Thanks in advance for your help. Best
>
regards, Roger

— On Thu, 4/14/16, Mildred Morgan <mbmorgan(a>hargrav^^ B  > wrote:
>
> > From: Mildred Morgan <mbmorgan(5>hargrav^^ J  > > Subject: 5 Glyphosate Papers > > To: "Roger McClellan"
<roger.o.m cclellan(5^^ ^ W
> > Date: Thursday, April 14, 2016, 9:38 AM The 5 glyphosate papers > > attached.
> >
>

> >
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RoçjeHWcClehari

From:
Sent:
To:
Subject:

Roger McClellan <roger.o.mcdellan 
Thursday, May 12, 2016 10:16 AM 
David Dorman
Fw: Re: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar

— On Thu, 5/12/16, Roger McClellan <roger.o.mcclellan@^^^|> wrote:

> From: Roger McClellan <roger.o.mcclellan(2^^^J
> Subject: Re: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar

> Date: Thursday, May 12, 2016, 9:10 AM
> Gunnar:
> Thanks for your follow up note on the Special Glyphosate
> Supplement. I will off some clarification on some of the issues you
> raise.
> First, let me address my role as the Editor of Critical Reviews
> in Toxicology. I do have a contract with Informa / Taylor and Francis
> for my services as Editor of CRT. That contract provides me a flat fee
> to cover all of my time and expenses for serving as Editor, the most
> important aspects of which are the maintenance of manuscript flow and
> the delivery of high quality, peer-reviewed manuscript to T and F. To
> assist me, I engage Mildred Morgan, who has worked effectively and
> efficiently with me for decades. The fee I receive is the same
> irrespective of the number of manuscripts moving through the system
> and whether CRT includes any Special Supplements.
> Hence, there is no financial incentive for me to promote the
> publication of Special Supplements. Indeed, every Special Supplement
> requires more effort from me and Mildred for which I receive NO
> additional reimbursement.
> It follows logically to ask why I should consider recommending
> publication of any Special Supplements. I do so as part of my
> professional responsibility as Editor. I want to see the 920 pages
> allotted each year for regular issues of CRT used to publish high
> quality, high impact papers in a timely manner. That is a difficult
> balancing act involving (a) high scientific impact, (b) high
> scientific quality and (c) timeliness.
> Impact and quality are not the same. By impact I am referring to
> scientific information that is relevant to contemporary Societal
> issues. Scientific quality is independent of whether the content is

> Cc: mbmorgam
> <s.tsuda@iwat
> "david.warheit
> "david.dorman
> <rcc0 0 2 2 @aub
> <f.guengerich(£

> To: "CharlesWI
> <roger.o.mccle
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> relevant to Societal issues. Timeliness is obviously of concern for
> all authors, they would like to have their paper published as soon as
> possible. T and F addresses that issue in part by promptly processing
> all accepted manuscripts and posting them on line at the earliest
> possible date. However, no one would like to have their paper in limbo
> as to formal publication for months and months. Hence, the dilemma of
> every Editor and .especially Review Journal Editor. I want to have a
> modest back log but not an excessive back log. I can assure you I have
> had more then a few sleepless nights thinking about whether I have the
> right balance.
> This brings me to the five
> Glyphosate papers. This is one of the world's highest impact
> chemicals. IARC operates one of the world's most widely recognized
> cancer hazard classification schemes. CRT previously published at
> least three widely cited review papers on Glyphosates that were
> considered in the IARC review. The IARC cancer hazard classification
> of Glyphosate is one of the most controversial cancer hazard
> classifications rendered in recent years. Although let me quickly note
> that the cancer hazard classifications rendered for "outdoor air" and
> "airborne particulate material" follow close behind. When I learned
> that Monsanto was going to sponsor a critical review of the cancer
> hazard of glyphosate, including a critique of the IARC review, managed
> by InterTek , I decided it would be highly desirable to publish that
> critical review in CRT. I thought then and now that CRT was the ideal
> publication venue for this review because of the rigor of CRT's review
> process, our transparent "Declaration of Interest" process and our
> desire to provide access to all underlying data through use of
> electronic supplements and electronic linkages.
> In anticipation of the number of pages involved I quickly
> decided that it would be best to publish the new review as a Special
> Supplement. At that point I handed off to Charles Whalley, the
> Managing Editor of CRT, and the business office of T and F the
> negotiation of the details, including fees, for publishing the
> Special Supplement. As the recipients of this memo know I have 60
> years of experience as a scientist, scientific manager and science
> advisor. What may not be as well known is I have over 50 years of
> business experience running large scale research enterprises,
> including responsibility for the bottom line. That means making tough
> decisions as to when you hire and fire your scientific colleagues. To
> provide me better tools for working as a scientific business manager I
> enrolled and completed a Master of Management Science degree at the
> University of New Mexico, the equivalent of an MBA. I understand
> business - it is rough and tumble!!!
> I fully understand the T and F
> business decision to not release details, including publication fees,
> of the agreement between T and F and InterTek for publishing the
> Special Supplement containing the glyphosate papers. Indeed, I suspect
> the agreement at this stage has not yet been published because the
> number of pages to be published is not yet known.
> Wearing my "business hat" I can assure you that T and F has very
> straight forward business procedures for deciding what is a reasonable
> fee for publishing a Special Supplement containing 125,150,175 or
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> 200 pages. It is not some arbitrary process guided by a " lets charge
> as much as possible" approach. Indeed, I suspect an examination of the
> fees typically charged by T and F for 'open access" will provide clues
> as to the cost to the sponsor of publishing the Special Supplement. As
> I hope everyone knows the "scientific publishing business" is a tough
> business today with rapidly changing practices. [As an aside, how many
> paper solicitations from fly by night journals have you received this
> month?] Bottom line, I count on T and F to run their publishing
> business in an ethical and business like manner. I am counting on that
> because I want thenjm to be in business and publishing CRT
> indefinitely. I certainly do not want them to go out of business. The
> counter point is that I will continue to deliver them high scientific
> quality, high impact, rigorously peer reviewed manuscripts to fill
> the 920 pages of regular issues they have contractually agreed to
> provide to their subscribers and occasional provide papers for a
> Special Supplement.
> As an update, the five glyphosate papers are moving through an
> extraordinarily rigorous review process. The review comments meet the
> high standards of CRT and will help the authors further improve the
> final accepted version of the papers. I do anticipate preparing a
> "prelude" that will introduce the Special Supplement".
> I hope the foregoing material is helpful to all of you I welcome
> any further inquiries by e mail or phone.
> Again, thank you for your assistance with CRT and , especially,
> with the glyphosate Special Supplement.
> With best regards,
> Roger
> PS This is a "business sensitive communication". I would appreciate
> your not sharing it or communicating the contents with any individuals
> other than the recipients.

I@ki.se>> On Thu, 5/12/16, Gunnar Johanson •
> wrote:
>
> Subject: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar
■ "VY> alley ( ' - h.-nrr ■ : ; .uk>, ”Rop> r
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> Thank you Charles for your prompt
> answer. What you say is all well, except that it is not satisfying
> with the secret agreement monetary agreement
> between T&F and the authors/sponsors. In my view, this should not
> be a business secret but similar as for regular open access articles
> where T&F openly declares the fees.
> The secrecy around the supplements opens up for suspicions of
> economic incentives for
> Taylor & Francis which in turns spills over to the journal since,
> even if there are no extra incentives for the supplements, I assume
> that the Chief Editor receives a salary or honorarium for his work
> (as he rightly should considering the importance of the
> task and all the effort he puts into it).
> Does anyone else have thoughts on
> this?
> Best regards,
> Gunnar
>
>
> Gunnar Johanson
> | Ph.D. |
> Professor
>
>
> Head, Unit of Work
> Environment Toxicology
>
> Institute of Environmental Medicine
>
>
>

Karolinska Institutet

Nobels vag 13 | P.O. Box 210 | SE-171 77 Stockholm, Sweden 

Mobile 

l@ki.se

http://ki.se/en/imm/unit-of-work-environment-toxicology

http://www.nordicexpertgroup.org

> Karolinska Institutet is one of the
> world's leading medical universities.
> Its mission is to contribute to the
> improvement of human health through research and education.
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> Karolinska Institutet accounts for
> over 40 per cent of the medical academic research conducted in
> Sweden and offers the country's broadest range of education in
> medicine and health sciences.

Since 1901 the Nobel Assembly at 
Karolinska Institutet has selected the

Nobel laureates in Physiology or 
Medicine.

> Fran: Whalley, Charles
> im a ilto ^ ^ ^ ^ ^ ^ ^ ^ (S ta n d f .c o .u k {
>
>
> Skickat: den 10 maj 2016 18:05
>
> Till: Gunnar Johanson; Roger McClellan
>
> Kopia: s.tsuda@iwate-u.ac^ |
> dellarcovi
> david.warheiti
> david.dorman@nscu|
> mbmorgan@hargray|
> rcc0022@auburn|
> f.guengerich@vanderbilt|
> Samuel Cohen

> Àmne: RE: SV: 5 Glyphosate Papers/ Comments from Gunnar
>
>
>
> Dear all,
>
> Many thanks for including me on
> your discussions here, as I'm grateful to hear your thoughts on this
> crucial issue for the journal.
>
> As Gunnar has noted,
> CRT commonly publishes supplements funded by industry sponsorship.
> These allow the authors to publish as a stand-alone issue separate
> from the normal schedule of issues, meaning that they can publish as
> soon as the articles are accepted. These supplements
> are commonly made free-to-view, and are promoted by Taylor &
> Francis. Unsurprisingly, industry groups often find this publication
> option attractive.
>
> The sponsorship in no way
> guarantees acceptance. To reiterate Roger's comments, the commercial

mailto:Charles.Whalley@tandf.co.uk
mailto:s.tsuda@iwate-u.ac.jp
mailto:dellarcov@gmail.com
mailto:david.warheit@gmail.com
mailto:david.dorman@nscu.edu
mailto:mbmorgan@hargray.com
mailto:rcc0022@auburn.edu
mailto:f.guengerich@vanderbilt.edu


> and editorial elements of the journal are entirely
> separate. Editorial policy is Roger's responsibility. We do not
> overrule or interfere in his decisions for commercial reasons.
> Similarly, these articles are subject to all the same peer review and
> scrutiny of their declarations of interest as any other manuscript.
> Additionally, to be clear, there is no financial incentive for
> anyone involved in the editorial process relating to sponsored
> supplements.
>
> I can't comment on how much
> sponsors pay for these supplements, as this is commercially
> sensitive.
>
> Regarding publishing a commentary
> alongside this proposed issue. I'd be happy to make room for such an
> editorial, if that's Roger's decision following
> this suggestion. I would suggest that the focus of such a
> commentary should be on the significance of these articles, as Vicki
> has suggested, with an additional opportunity to remind our
> readership of editorial policy around sponsored supplements and how
> it
> applies in this case. I will, however, leave this up to Roger.
>
> I hope this helps clarifies
> matters from the publisher's perspective. Please do let me know if
> you have any further questions or comments on this.
> I'm very eager to hear them!
>
> All best wishes,
> Charles
>
> Charles Whalley
> -
> Managing Editor, Medicine & Health Science Journals Taylor &
> Francis Group
> 4 Park Square, Milton Park,
> Abingdon, Oxon, 0X14 4RN, UK
> Direct line:

>
> www.tandfonline.com
>
>
> Taylor & Francis is a trading
> name of Informa UK Limited,
> registered in England under no.
> 1072954
>
>
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>
>
>
> From: Gunnar Johanson [mailtc
>
>
> Sent: 09 May 2016 14:44
>
> To: Roger McClellan
>
> Cc: s .tsu d a @ iw a te -u .a JB

l@ki.se]

dellarcov^ 
david.warheitO 
david.dorman@nscu|

mbmorgan@hargray| 
rcc0022@auburn|
Whalley, Charles; 
f.guengerich@vanderbilt ^ H  
Samuel Cohen

Subject: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar

> Thank you Roger for clarifying. It
> is good with the rigorous review and detailed COIs of CRT, I have no
> problem with those items or, for that matter, that
> industry (or other vested interests) funds research and expert
> groups and seek to publish their results.
>
>
>
>
>
> My remaining concern is that it
> may be seen as industry is paying their way into the journal ("The
> authors/ sponsors of these Supplemental Issues pay a special
> fee negotiated between the Authors / Sponsors and Taylor and
> Francis. As the CRT Editor, I have nothing to do with this business
> transaction. My role is to assure that all papers published in any
> Special Supplement receive the same, high quality rigorous
> review as papers published in regular issues."). I checked the last
> 15 supplemental papers in CRT, all stem from industry. It is
> reasonable that the authors/sponsors pay for the publication costs
> but not a lot more, as this might bias the review and publishing
> processes.
>
>
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>
>
>
> So, I would appreciate a
> clarification how much is paid by the authors/sponsors to the
> publisher and how editors and reviewers are reimbursed (if at all).
> Maybe
> Charles Whalley can respond to this?
>
>
>
>
>
> Best regards,
>
>
> Gunnar
>
>
>
>
>
> PS. I agree with Vicky about an
> accompanying commentary.
>
>
>
>
>

> ----Ursprungligt
> meddelande.......

> Fr3n: Roger McClellan [mailto:roger.o.mcclellan@attl
>
>
> Skickat: den 8 maj 2016 21:42
>
> Till: Gunnar Johanson
>
> Kopia: s.tsuda@ iwate-u.acj
>
> dellarcov@gmail
> david.warheit@gmail.
> david.dorman@nso

li L d J J
■

> mbmorgan@hargra
> roger.o.mcclellan@att
> rcc0022@aubur

rgrav^ B j
n@ att^ J
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> Charles.Whalleytatandf^ ^ l ;
> f.guengerich@vanderbilt^^M
> Samuel Cohen
>
> Amne: Re: SV: 5 Glyphosate Papers/ Comments from Gunnar
>
>
>
>
>
> Gunnar and other members of the
> CRT Editorial Advisory Board
>
>
> Gunnar, thank you
> for your e-mail concerning the publication of a Supplemental Issue
> including 5 papers on Glyphosate. Your e-mail was a follow up to
> our discussion of this matter at our Editorial Advisory Board in
> New Orleans and my distribution of copies of the papers.
>
>
> By way of background,
> CRT in recent years has included 920 pages each year which have been
> published on line electronically and last year published at
> year end as a single printed copy. The authors of some papers have
> purchased on line access.
>
>
> In addition to the
> regular issues, CRT has a long standing practice of publishing
> Special Supplements. The authors/ sponsors of these Supplemental
> Issues
> pay a special fee negotiated between the Authors / Sponsors and
> Taylor and Francis. As the CRT Editor, I have nothing to do with
> this business transaction. My role is to assure that all papers
> published in any Special Supplement receive the same, high quality
> rigorous review as papers published in regular issues.
> Indeed, the agreement between T and F and the Authors/ Sponsors
> specifically note that publication of the Special Issue is contingent
> upon scientific review and acceptance of the papers. It does not
> guarantee
> acceptance.. The primary reason for publishing a Special Issue of
> CRT is to minimize the impact on our limited page budget. Papers
> included in the Special Supplements do not count against the current
> annual 920 page limit.
>
>
> As I recall, CRT has
> published 3 papers in the recent past on Glyphosate. All three
> papers were downloaded many times and have been widely cited,
> including

>
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> by IARC. One paper by Griem etal contained extensive supplemental
> material (This is different than a Special Issue Supplement). It is
> not clear how well IARC reviewed this paper and , especially, the
> electronic supplement.
> However, I can assure you that the
> electronic supplement is clearly marked in the text.
>
>
>
> After the IARC review
> of glyphosate I was contacted by personnel from Monsanto and
> InterTek, a private consulting firm, as to my interest in considering
> one or multiple papers on glyphosate that would be a critique of
> the IARC review. I responded that I would be enthusiastic about
> considering one or multiple papers. I indicated my preference would
> be to have one large paper or a collection of papers to be
> published in a single issue. I indicated that since it was
> anticipated that these papers would be comprehensive and long I
> thought it unlikely these papers could be published in a regular
> issue. I noted that I would expect the papers to have comprehensive
> and transparent Declarations Of Interest, as is routine for CRT.
> As an aside, I know of no other scientific journal that has as
> rigorous a Declaration of Interest policy as CRT with publication of
> each DOI.
>
>
> Gunnar has raised the
> issue of the employment affiliation of the authors and the past
> association of some of the authors with Monsanto. I expect that to
> be made clear in the DOIs. As a matter of policy, I do not think
> where an individual author is employed (academe, government,
> consulting firm, private consultant, etc) should be a determinant of
> whether a paper should be considered for publication. I do expect
> all relevant material relating to potential conflicts of interest
> to be disclosed in the DOI. Quite frankly, I am concerned by many
> journals allowing self proclamations from authors -"W e have no
> conflicts of interest to declare." That is "eye wash". Conflicts
> of Interest are in the eyes of the beholder not the Declarer.
>
>
> I think my job as an
> Editor is to see that the submitted paper receive a rigorous review
> by outstanding experts from around the globe. In the case of the
> submitted glyphosate papers I think I have selected some
> outstanding reviewers, in some case up to 7 per paper. As an aside,
> how many of you have received 7 sets of external review comments on
> any paper, original research or review paper, you have authored?
> Many of you agreed to review one or more of the five papers. For
> that special effort I extend my thanks. I will be pleased to have
> you review any or all of the revised papers. I use the review
> comments to help guide my decision to accept, request revision
> or reject a  p a p e r . Most im p o r t a n t l y ,  I e x p e c t  the authors to use
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> the review comments to further improve their revised paper.
>
>
> The five glyphosate
> papers are still under review. In general, the review comments are
> very positive and constructive. Many reviewers noted they were
> pleased
> to have these papers published in CRT.
>
>
> Gunnar has raised the issue
> of my publishing a commentary on the five papers as part of the
> Special Supplement. I have never published such a commentary
> for either a regular issue or Special Issue. MY basic view is that
> all papers published in CRT "speak for them selves'. However, I am
> willing to consider such a commentary for this Special Issue if you
> think it useful.
> lf
> I were to prepare one it would include
> many of the points made here. Of course, I would also need to refer
> to the IARC process and the IARC decision on glyphosate. It is my
> view that the five papers published in CRT will represent the most
> comprehensive review of the world's literature on the
> potential carcinogenicity of glyphosate and be widely cited by
> others.
>
>
> I welcome you views on
> this important matter.
>
>
> Best
> regards,
>
>
> Roger
>
>
>
>
>
>
>
>
> --------------------------------
>
>
>
> On Mon, 5/2/16, Gunnar Johanson

> wrote:
>
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>
>

Subject: SV: 5 Glyphosate 
Papers

To: "Roger McClellan" 
<roger.o.mcclellan@at 
"david.warheit 
<david.warheit 
"david_dorman@ncsu 
<david_dorman@ncsu

Cc: "s.tsuda@iwate-u.a 
<s.tsuda@iwate-u.ac|
"Mildred" <mbmorgan@hargray|

u^acH

' B

Date: Monday, May 2, 2016, 4:27 
AM

>
>
>
>
> Dear Roger,
>

> How will this will be introduced
> in the journal, i.e. how will it be explained that the 5 papers
> appear in a separate volume (assuming they will be accepted
> for publication) ?
>
>
> Nearly early all
>
>
> authors are more or less connected
> to Monsanto. My concern is that this may be viewed as
> an
> industry input and, more important, that the integrity
> and independence
> of CRT may be questioned by the scientific
> community.
>

> All the best
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>
> Gunnar
>
>
>
>
>

>

......Ursprungligt
meddelande.......

Fran: Roger McClellan [mailto:roger.o.mcclellan@attl

>
>
>
>
>
> Skickat: den 14 april 2016
> 20:55
>
>
> Till:
> david.warheit@gmail
>
>
>
> david_dorman@ncsu
>
>
>
> Gunnar Johanson
>
>
> Kopia:
> s.tsuda@iwate-u.ac^
>
>
>
> roger.o .m ccle llan(S)att^ H
>
>
>
> Mildred
>
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> Amne: Fw: 5 Glyphosate
> Papers
>
>
>
>
>
>
>
>
>

> — On Thu, 4/14/16, Roger
> McClellan <roger.o.mcclellan
>
>
>
> wrote:
>
>
>
>
>
> > From: Roger
>
>
> McClellan <roger.o.mcclellan
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>

> Subject: Fw: 5 Glyphosate 
Papers

> To:
bolt@ifado^ ,
rcc0020@ auburn^ J

f.guengerich@vanderbiltl

> "Samuel Cohen"
<scohen@unmcfl

> Cc: "Roger
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> McClellan" croger.o.mcclellani
> "Mildred"
>
>

> > <m bm organ@ hargray^^>
>
>
>
> > Date: Thursday, April 14,
> 2016, 11:51AM To all:
>
>
> > Attached are five
> papers
>
>
> critiquing the IARC review of
> glyphosate.
>
>
>
> > Assuming the papers are
> accepted after rigorous review , they will be >
> published in a single Special Supplement to CRT. I would
> be pleased if > you would
> agree to review the general paper and one or more
> of
> the > four detailed papers. If you are willing to
> review one or more paper > please linform my
> assistant, Mildred Morgan,
> m b m o rg an @ h a rg ra y^ ^
> and > you will be formally invited.
>
>
> Thanks in advance for your help.
> Best
>
>
> >
>
>
> regards, Roger
>
>
> >
>
>
> >
>
>
> — On Thu, 4/14/16, Mildred
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> Morgan <mbmorgan@hargray
> > wrote:
>
>
> >
>
>
> > > From: Mildred Morgan
> <mbmorgan@hargray
> > > Subject: 5 Glyphosate Papers > > To:
> "Roger McClellan"
>
>
> <roger.o.mcclellan(g^ ^ J t>
>
>
>
> > > Date: Thursday, April
> 14,2016,9:38 AM The 5 glyphosate papers >>
> attached.
>
>
> > >
>
>
> >
>
>
> >
>
>
> > >
>
>
>
>
>
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Roger McClellan

From:
Sent:
To:
Cc:

Subject:

Whalley, Charles |@tandf.co.uk>
Wednesday, June 1, 2016 3:37 AM 
Gunnar Johanson; Roger McClellan 
mbmorgan@hargray^^ft s.tsuda@iwate-u.a 
david.warheit@^^^^^Bdavid.dorman@nscu 
f.guengerich@vanderbilt^H Samuel Cohen 
RE: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar

* ‘llarcov(S)gmai^^B^^ 
; rcc0022@auburrj^|

Dear Gunnar,

I understand your point about the extent of sponsorship, but I'm afraid this will have to remain confidential. I’m 
glad, otherwise, that the change I suggest below makes sense. I intend to implement this with the next 
published supplement, likely to be that of the glyphosate papers discussed below.
Once again, I’m grateful for this discussion, as it is a particularly pertinent issue for the journal. Any other 
thoughts, perspectives or suggestions on this from the board are very welcome, as ever.

All best wishes,
Charles

From: Gunnar Johanson [m ailtc^ ^ ^ ^ ^ ^ ^ ^ J@ ki.se]
Sent: 24 May 2016 14:01
To: Whalley, Charles; Roqej^IcClellan
Cc: mbmorgan@harqra^^J ;  s.tsuda@iwat^^.^^J de lla rco v (S^ H H |H ^ avid.warheit(afl^^^^|; 
david.dorman@nscuBBpcc0022@auburn|^P ^ uengerich@ vanoem iltU samuel Cohen 
Subject: SV: SV: SV^^lyphosate Papers^omments from Gunnar

Dear Charles,
Sounds good, with that I am satisfied for now (although I would be happier if the extent of sponsorship was also 
indicated somehow).
All the best,
Gunnar

Dear Gunnar,
A change that I am planning for any sponsored supplements published in the 2016 volume and thereafter is to 
include a statement appended to each article, stating the name of the sponsor. In previous years this 
information was included with issue preliminary information, although as most sponsored supplements are now 
online-only this has become redundant. I also think that it's important for those reading an individual article to 
see the information without having to seek it out.
Do you think this would be a helpful change?

Best wishes,
Charles
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From: Gunnar Johanson
Sent: 13 May 2016 14:29
To: Whalley, Charles; Roger McClellan
Cc: mbmorqan@harqrayJ J [ ; s.tsuda@ iwate-u.acj dellarcov(5j J J J clavid.warheit(5^^ ^ ^ J :  
david.dorman@nscu^ ^ p cc 0 022@auburn^ M TouenQerich@vanaerbilt^J  Samuel Cohen 
Subject: SV: SV: SV: 5 Glyphosate Papers/Comments from Gunnar

Dear Charles,
Thank you for the info. As far as can see, the T&F Annual Report is not helpful as it contains no information specific for 
CRT. I am happy to note that you are "... working to ensure ... making readers aware of which issues of the journal have 
been sponsored..." Can you give some more details how this will be done? By downloading and reading a random 
paper (Voi 45 S2 1-55), I find no information telling that T&F has been sponsored by the authors to publish the paper. If 
the sponsorship is not openly declared, it looks very much like "native advertising" or "embedded marketing". The 
elaborate p e e r - r e v i e w  a n d  extensive DOI at the end of each p a p e r  a r e  good but not sufficient, as the don't cover the 
relation between the authors and T&F.
Best regards,
Gunnar

PS. Roger, I see these mails as an internal discussion within the Editorial Board.

Frdn: Whalley, Charles [mailLQ^^^^^^^^Jtandhcauk]
Skickat: den 13 maj 2016~lT-2^^^^^^^^^
Till: Roger McClellan; Gunnar Johanson ___________  ____________
Kopia: mbmorqan@haroravB| B  s.tsuda@iwate-u.ac J  dellarcov@MB ^ ^ B : david.warheitid^^^^^J 
david.dorman@nscu rcc0022@auburn^ J  f.ouenoerich@vandemi l t j r Samuel Cohen 
Amne: RE: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar

Dear Gunnar.

Thanks for your thoughts. I wanted to add to Roger’s points below.
You're right to say that we publish the cost of publishing Open Access in C RT , which is $2,950 and a flat fee 
across the journal and indeed across the majority of the journals we publish However, as I mentioned, the cost 
of sponsoring a supplement in the journal (which varies) is confidential, as a commercial matter between us 
and the sponsor. The owner of CRT and my employer, Informa, is a public company and so publishes its 
annual report (http://informa.com/investors/annual-reports/), but I'm afraid that's as much information about the 
business operations of the journal and of Taylor & Francis that I can give you.
What we are doing is working to ensure that we are making readers aware of which issues of the journal have 
been sponsored, on top of the extensive Declarations of Interest that Roger insists upon. This information I 
think has more bearing than the actual monetary amount of any sponsorship We would hope that readers can 
make their own judgement.
Even so, this is a particularly pertinent issue for CRT, due to the area it works in, and so your thoughts here, 
and the thoughts of the board, are very welcome. I'd be grateful for any other comments or suggestions as to 
how we can ensure that the journal continues to be seen as making an impartial and critical contribution to the 
literature. Short of areas of commercial sensitivity, I'm open to any other areas where we can increase 
transparency or demonstrate fairness. I also wonder if there's anything we can do to build bridges with all sides 
of these debates, although I'm speculating a little here.
As ever, I'd invite you all to feel free to contact me separately at my details below if you'd like to discuss 
personally.
Best wishes,
Charles
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Charles Whalley - Managing Editor, Medicine & Heallh Science Journals 
Taylor & Francis Group

Oxon. 0X14 4RN. UK

www iandioniine.com

4 Park Square, Milton Park Abingdon 
Direct line

Taylor & Francis 'S a Iradmg name ol Informa UK Limited 
registered in England under no 1072954

From: Roger McClellan rmailtoiroQer.o.mccleilantn^^ ^ J  
Sent: 12 May 2016 17:11
To: Whalley, Charles; Rogej^IcClellan; Gunnar Johanson
Cc: mbmorQan®harora^ ^ J  S.tSUda@iwate-M rv^JriplUrrnvraiqmail^Mrlavtd 
david.dorman(d'nscuB ^ p c c OQ22@auburn^J  f.Quengerichgivandeibilt^ J  Samuel Cohen 
Subject: Re: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar

Gunnar:
Thanks for your follow up note on the Special Glyphosate Supplement. I will off some clarification on some of the issues 
you raise.
First, let me address my role as the Editor of Critical Reviews in Toxicology. I do have a contract with Informa / Taylor 
and Francis for my services as Editor of CRT. That contract provides me a flat fee to cover all of my time and expenses for 
serving as Editor, the most important aspects of which are the maintenance of manuscript flow and the delivery of high 
quality, peer-reviewed manuscript to T and F. To assist me, I engage Mildred Morgan, who has worked effectively and 
efficiently with me for decades. The fee I receive is the same irrespective of the number of manuscripts moving through 
the system and whether CRT includes any Special Supplements. Hence, there is no financial incentive for me to promote 
the publication of Special Supplements. Indeed, every Special Supplement requires more effort from me and Mildred for 
which I receive NO additional reimbursement.
It follows logically to ask why I should consider recommending publication of any Special Supplements. I do so as part of 
my professional responsibility as Editor. I want to see the 920 pages allotted each year for regular issues of CRT used to 
publish high quality , high impact papers in a timely manner. That is a difficult balancing act involving (a) high scientific 
impact, (b) high scientific quality and (c) timeliness. Impact and quality are not the same. By impact I am referring to 
scientific information that is relevant to contemporary Societal issues. Scientific quality is independent of whether the 
content is relevant to Societal issues. Timeliness is obviously of concern for all authors, they would like to have their 
paper published as soon as possible. T and F addresses that issue in part by promptly processing all accepted 
manuscripts and posting them on line at the earliest possible date. However, no one would like to have their paper in 
limbo as to formal publication for months and months. Hence, the dilemma of every Editor and .especially Review 
Journal Editor. I want to have a modest back log but not an excessive back log. I can assure you I have had more then a 
few sleepless nights thinking about whether I have the right balance.
This brings me to the five Glyphosate papers. This is one of the world’s highest impact chemicals, IARC operates one of 
the world's most widely recognized cancer hazard classification schemes. CRT previously published at least three widely 
cited review papers on Glyphosates that were considered in the IARC review. The IARC cancer hazard classification of 
Glyphosate is one of the most controversial cancer hazard classifications rendered in recent years. Although let me 
quickly note that the cancer hazard classifications rendered for "outdoor air" and "airborne particulate material" follow 
close behind When I learned that Monsanto was going to sponsor a critical review of the cancer hazard of glyphosate, 
including a critique of the IARC review, managed by InterTek, I decided it would be highly desirable to publish that 
critical review in CRT. I thought then and now that CRT was the ideal publication venue for this review because of the 
rigor of CRT's review process, our transparent "Declaration of Interest" process and our desire to provide access to all 
underlying data through use of electronic supplements and electronic linkages.
In anticipation of the number of pages involved I quickly decided that it would be best to publish the new review as a 
Special Supplement. At that point I handed off to Charles Whalley, the Managing Editor of CRT, and the business office 
of T and F the negotiation of the details, including fees, for publishing the Special Supplement. As the recipients of this
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memo know I have 60 years of experience as a scientist, scientific manager and science advisor. What may not be as well 
known is I have over 50 years of business experience running large scale research enterprises, including responsibility for 
the bottom line. That means making tough decisions as to when you hire and fire your scientific colleagues. To provide 
me better tools for working as a scientific business manager I enrolled and completed a Master of Management Science 
degree at the University of New Mexico, the equivalent of an MBA. I understand business - it is rough and tumble!!!
I fully understand the T and F business decision to not release details, including publication fees, of the agreement 
between T and F and InterTek for publishing the Special Supplement containing the glyphosate papers. Indeed, I suspect 
the agreement at this stage has not yet been published because the number of pages to be published is not yet known. 
Wearing my "business hat" I can assure you that T and F has very straight forward business procedures for deciding what 
is a reasonable fee for publishing a Special Supplement containing 125,150,175 or 200 pages. It is not some arbitrary 
process guided by a " lets charge as much as possible" approach. Indeed, I suspect an examination of the fees typically 
charged by T and F for 'open access" will provide clues as to the cost to the sponsor of publishing the Special 
Supplement. As I hope everyone knows the "scientific publishing business" is a tough business today with rapidly 
changing practices. [As an aside, how m a n y paper solicitations from fly by night jo u r n a l s  h a v e  you received this month?] 
Bottom line, I count on T and'F to run their publishing business in an ethical and business like manner. I am counting on 
that because I want then]m to be in business and publishing CRT indefinitely. I certainly do not want them to go out of 
business. The counter point is that I will continue to deliver them high scientific quality, high impact, rigorously peer 
reviewed manuscripts to fill the 920 pages of regular issues they have contractually agreed to provide to their 
subscribers and occasional provide papers for a Special Supplement.
As an update, the five glyphosate papers are moving through an extraordinarily rigorous review process. The review 
comments meet the high standards of CRT and will help the authors further improve the final accepted version of the 
papers. I do anticipate preparing a "prelude" that will introduce the Special Supplement".
I hope the foregoing material is helpful to all of you I welcome any further inquiries by e-mail or phone. (505-296-7083). 
Again, thank you for your assistance with CRT and , especially, with the glyphosate Special Supplement.
With best regards,
Roger
PS This is a "business sensitive communication". I would appreciate your not sharing it or communicating the contents 
with any individuals other than the recipients.

On Thu, 5/12/16, Gunnar Johanson • | iS>ki.se> wrote:

Subject: SV: SV: 5 Glyphosate Papers/ Comments from Gunnar 
To: "Whalley, Charles" < ( M J ^ m [(5>tandf.co.uk>. "Roger McClellan"
Cc: "s.tsudatoJiwate-aa ^ F ^ s.tsudatSiwate-u^ac^B ^ dellarcov 
"david warheitin^^^^^BB  <david.warheit(S^^^^^B>, "david.dorman 
"mbmorganfl I" <mbmorgan
"f.guengerich(5)vanderbilt.edu" <f.guengerich(5)vanderbilt 
Date: Thursday, May 12, 2016, 7:49 AM

Patt.net>

"rccOQ22(£>auburri^J <rcc0022pauburn 
”"1  "Samuel Cohen" <scohen(5>uninc
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Thank you Charles for your prompt 
answer. What you say is all well, except that it is not 
satisfying with the secret agreement monetary agreement 
between T81F and the authors/sponsors. In my view, this 
should not be a business secret but similar as for regular 
open access articles where T&F openly declares the fees.
The secrecy around the supplements opens up for suspicions
of economic incentives for
Taylor & Francis which in turns spills over to the
journal since, even if there are no extra incentives for the
supplements, I assume that the Chief Editor receives a
salary or honorarium for his work (as he rightly should
considering the importance of the
task and all the effort he puts into it).
Does anyone else have thoughts on 
this?
Best regards,
Gunnar
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Gunnar Johanson 
| Ph.D. | 
Professor

Head, Unit of Work 
Environment Toxicology

Institute of Environmental Medicine

Karolinska Institutet

Nobels vag 13 | P.O. Box 210 | SE-171 77 Stockholm, 
Sweden

Mobile +4

I jSki.se

http://ki.se/en/imm/unit-of-work-environmenttoxicology

http://www.nordicexpertgroup.org

Karolinska Institutet is one of the 
world's leading medical universities.
Its mission is to contribute to the
improvement of human health through research and
education.
Karolinska Institutet accounts for
over 40 per cent of the medical academic research
conducted
in Sweden and offers the
country's broadest range of education in medicine and 
health sciences.
Since 1901 the Nobel Assembly at 
Karolinska Institutet has selected the

Nobel laureates in Physiology or 
Medicine.

Fran: Whatley, Charles
fmailto:Charles.Whallev(5)tandf.co.ukl
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Skickat: den 10 maj 2016 18:05

Till: Gunnar Johanson; Roger McClellan

Kopia: s.tsuda(S>iwate-u.ac.jp: dellarcoviaemail.com: 
david.warheit(5)gmail.com; david.dorman(5)nscu.edu: 
mbmoreantaharerav.com: rcc0022(5>auburn.edu: 
f.guengerich(S)vanderbilt edu: Samuel Cohen

Àmne: RE: SV: 5 Glyphosate Papers/ Comments from 
Gunnar

Dear all,

Many thanks for including me on
your discussions here, as I'm grateful to hear your
thoughts on this crucial issue for the journal.

As Gunnar has noted,
CRT commonly publishes supplements funded by industry 
sponsorship. These allow the authors to publish as a 
stand-alone issue separate from the normal schedule of 
issues, meaning that they can publish as soon as the 
articles are accepted. These supplements 
are commonly made free-to-view, and are promoted by Taylor 
& Francis. Unsurprisingly, industry groups often find 
this publication option attractive.

The sponsorship in no way
guarantees acceptance. To reiterate Roger's comments, the 
commercial and editorial elements of the journal are 
entirely
separate. Editorial policy is Roger's responsibility. We 
do not overrule or interfere in his decisions for commercial 
reasons. Similarly, these articles are subject to all the 
same peer review and scrutiny of their declarations of 
interest as any other manuscript.
Additionally, to be clear, there is no financial incentive 
for anyone involved in the editorial process relating to 
sponsored supplements.

I can't comment on how much
sponsors pay for these supplements, as this is commercially 
sensitive.

Regarding publishing a commentary
alongside this proposed issue, I'd be happy to make room
for such an editorial, if that's Roger's decision
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following
this suggestion. I would suggest that the focus of such a 
commentary should be on the significance of these articles, 
as Vicki has suggested, with an additional opportunity to 
remind our readership of editorial policy around sponsored 
supplements and how it
applies in this case. I will, however, leave this up to 
Roger.

I hope this helps clarifies
matters from the publisher's perspective. Please do let me 
know if you have any further questions or comments on this. 
I'm very eager to hear them!

All best wishes,
Charles

Charles Whalley

Managing Editor, Medicine & Health Science
Journals
Taylor & Francis
Group
4 Park Square, Milton Park,
Abingdon, Oxon, 0X14 4RN, UK 
Direct line:

www.tandfonline.com

Taylor & Francis is a trading 
name of Informa UK Limited, 
registered in England under no. 
1072954

From: Gunnar Johanson (mailt (Siki.sel

Sent: 09 May 2016 14:44 

To: Roger McClellan 

Cc. • ... w3' ojj ^
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dellarcovtf 
david. dormants) nsci

david.warheittf

_ . J
Whalley, Charles;
f.gueneerich(5)vanderbilt 
Samuel Cohen

I; rcc0022(5>auburr

Subject: SV: SV: 5 Glyphosate Papers/ Comments from 
Gunnar

Thank you Roger for clarifying. It
is good with the rigorous review and detailed COIs of CRT, 
I have no problem with those items or, for that matter, 
that
industry (or other vested interests) funds research and 
expert groups and seek to publish their results.

My remaining concern is that it
may be seen as industry is paying their way into the journal 
("The authors/ sponsors of these Supplemental Issues 
pay a special
fee negotiated between the Authors / Sponsors and Taylor 
and Francis. As the CRT Editor, I have nothing to do 
with this business transaction. My role is to assure that 
all papers published in any Special Supplement receive the 
same, high quality rigorous 
review as papers published in regular issues."). I 
checked the last 15 supplemental papers in CRT, all stem 
from industry. It is reasonable that the authors/sponsors 
pay for the publication costs but not a lot more, as this 
might bias the review and publishing 
processes.

So, I would appreciate a
clarification how much is paid by the authors/sponsors to 
the publisher and how editors and reviewers are reimbursed 
(if at all). Maybe
Charles Whalley can respond to this?
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Best regards,

Gunnar

PS. I agree with Vicky about an 
accompanying commentary.

— Ursprungligt 
meddelande—

Fr à n : Roger McClellan fmailto:roger.o.mcclellan(S>

Skickat: den 8 maj 2016 21:42 

Till: Gunnar Johanson

Kopia: s.tsuda(5)iwate-u.ad

dellarcovtf Idavid .warheiti

mbmorgan(5>hargra 
rcc0022(S)auburn

Charles. Whallev(S>tar 
Samuel Cohen

■

f.p.uenRerich(g>vanderbir

Ämne: Re: SV: 5 Glyphosate Papers/Comments from 
Gunnar
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Gunnar and other members of the 
CRT Editorial Advisory Board

Gunnar, thank you
for your e-mail concerning the publication of a Supplemental 
Issue including 5 papers on Glyphosate. Your e-mail was a 
follow up to
our discussion of this matter at our Editorial Advisory 
Board in New Orleans and my distribution of copies of the 
papers.

By way of background,
CRT in recent years has included 920 pages each year which 
have been published on line electronically and last year 
published at
year end as a single printed copy. The authors of some 
papers have purchased on line access.

In addition to the
regular issues, CRT has a long standing practice of 
publishing Special Supplements. The authors/ sponsors of 
these Supplemental Issues
pay a special fee negotiated between the Authors / Sponsors 
and Taylor and Francis. As the CRT Editor, I have 
nothing to do with this business transaction. My role is to 
assure that all papers published in any Special Supplement 
receive the same, high quality 
rigorous review as papers published in regular issues.
Indeed, the agreement between T and F and the Authors/ 
Sponsors specifically note that publication of the Special 
Issue is contingent upon scientific review and acceptance of 
the papers. It does not guarantee 
acceptance.. The primary reason for publishing a Special 
Issue of CRT is to minimize the impact on our limited page 
budget. Papers included in the Special Supplements do not 
count against the current annual 920 page 
limit.

As I recall, CRT has
published 3 papers in the recent past on Glyphosate. All 
three papers were downloaded many times and have been widely 
cited, including
by IARC. One paper by Griem etal contained extensive 
supplemental material (This is different than a Special 
Issue Supplement). It is not clear how well IARC reviewed 
this paper and, especially, the electronic supplement.
Flowever, I can assure you that the
electronic supplement is clearly marked in the text.



After the IARC review
of glyphosate I was contacted by personnel from Monsanto and 
InterTek, a private consulting firm, as to my interest in 
considering
one or multiple papers on glyphosate that would be a 
critique of the IARC review. I responded that I would be 
enthusiastic about considering one or multiple papers. I 
indicated my preference would be to have one large paper or 
a collection of papers to be
published in a single issue. I indicated that since it was 
anticipated that these papers would be comprehensive and 
long I thought it unlikely these papers could be published 
in a regular issue. I noted that I would expect the papers 
to have comprehensive
and transparent Declarations Of Interest, as is routine 
for CRT. As an aside, I know of no other scientific journal 
that has as rigorous a Declaration of Interest policy as CRT 
with publication of each DOI.

Gunnar has raised the
issue of the employment affiliation of the authors and the 
past association of some of the authors with Monsanto. I 
expect that to
be made clear in the DOIs. As a matter of policy, I do not 
think where an individual author is employed (academe, 
government, consulting firm, private consultant, etc) 
should be a determinant of whether a paper should be 
considered for publication. I do expect 
all relevant material relating to potential conflicts of 
interest to be disclosed in the DOI. Quite frankly, I am 
concerned by many journals allowing self proclamations from 
authors --"We have no conflicts of interest to 
declare." That is "eye wash". Conflicts 
of Interest are in the eyes of the beholder not the 
Declarer.

I think my job as an
Editor is to see that the submitted paper receive a rigorous 
review by outstanding experts from around the globe. In the 
case of the
submitted glyphosate papers I think I have selected some 
outstanding reviewers, in some case up to 7 per paper. As an 
aside, how many of you have received 7 sets of external 
review comments on any paper, original research or review 
paper, you have authored?
Many of you agreed to review one or more of the five 
papers. For that special effort I extend my thanks. I will
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be pleased to have you review any or all of the revised 
papers. I use the review comments to help guide my 
decision to accept, request revision 
or reject a paper. Most importantly, I expect the authors 
to use the review comments to further improve their 
revised paper.

The five glyphosate
papers are still under review. In general, the review 
comments are very positive and constructive. Many reviewers 
noted they were pleased 
to have these papers published in CRT.

Gunnar has raised the issue
of my publishing a commentary on the five papers as part of 
the Special Supplement. I have never published such a 
commentary
for either a regular issue or Special Issue. MY basic view 
is that all papers published in CRT "speak for them 
selves'. However, I am willing to consider such a 
commentary for this Special Issue if you think it useful. If 
I were to prepare one it would include 
many of the points made here. Of course, I would also 
need to refer to the IARC process and the IARC decision on 
glyphosate. It is my view that the five papers published in 
CRT will represent the most comprehensive review of the 
world's literature on the
potential carcinogenicity of glyphosate and be widely cited 
by others.

I welcome you views on 
this important matter.

Best
regards,

Roger
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On Mon, 5/2/16, Gunnar Johanson
■ _  • s c >

wrote:

Subject: SV: 5 Glyphosate 
Papers

To: "Roger McClellan" 
c roger.o.mcclellan 
"david.warheiti 
<david.warheit 
"david dormaniSncsu 
<david dorman(5)ncsu

Cc: "s.tsuda(5)iwate- 
<s.tsuda(S)iwate-u.a 
"Mildred" <mbmorga

I P
I

Date: Monday, May 2, 2016, 4:27 
AM

Dear Roger,

How will this will be introduced
in the journal, i.e. how will it be explained that the 5
papers appear in a separate volume (assuming they will be
accepted
for publication) ?

Nearly early all

authors are more or less connected
to Monsanto. My concern is that this may be viewed as an 
industry input and, more important, that the integrity
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and independence
of CRT may be questioned by the scientific 
community.

All the best

Gunnar

— Ursprungligt 
meddelande—

Frán: Roger M cClellan [m ailto:roEer.o.m cclellan(S^| ^ J l

Skickat: den 14 april 2016 
20:55

Till:
david.warheit£

david dormánm

Gunnar Johanson

Kopia:
s,tsuda(S>iwate u a
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roeer.o.mcclellanI

Mildred

Àmne: Fw: 5 Glyphosate 
Papers

— On Thu, 4/14/16, Roger 
McClellan <roger.o.mcclella

wrote:

> From: Roger

McClellan <roger.o.mcclellan(j

> Subject: Fw: 5 Glyphosate 
Papers

> To:
bo!ü® ifado^
rcc0020(5)auburn f.guengerich(5)vanderbilt

> "Samuel Cohen"
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<scohen(5)unmc >

> Cc: "Roger
McClellan" c roeer.o.mcdellan 
"Mildred"

> <mbmorean@hargravl

> Date: Thursday, April 14, 
2016, 11:51AM To all:

> Attached are five 
papers

critiquing the IARC review of 
glyphosate.

> Assuming the papers are 
accepted after rigorous review, they will be > 
published in a single Special Supplement to CRT. I would 
be pleased if > you would
agree to review the general paper and one or more of 
the > four detailed papers. If you are willing to 
review one or more paper > please linform my 
assistant, Mildred Morgan, 
mbmorgan(a>hargravB^ [  
and > you will be formally invited.

Thanks in advance for your help. 
Best

>

regards, Roger

>
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— On Thu, 4/14/16, Mildred 
Morgan <mbmorgan(5>hargra' 
> wrote:

>

>

> > From: Mildred Morgan 
<mbmorgan(fi>hargrav|^ M
> > Subject: 5 Glyphosate Papers > > To: 
"Roger McClellan"

<roger.o.mcclellan(S>at

> > Date: Thursday, April
14, 2016, 9:38 AM The 5 glyphosate papers > >
attached.

> >

>

>

> >
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Rocjer^cCleNari

From: onbehalfof+mbmorgan+hargray.com@manuscriptcentral.com on behalf of 
mbmorgan@hargra}^^B

Sent:
To:
Subject:

roger.o.mcclella
All required reviews have been returned for Manuscript ID BTXC-2016-0026

Friday, May 13, 2016 4:58 AM

13-May-2016

Dear Dr Roger McClellan:

All required reviews have been returned by the reviewers for Manuscript ID BTXC-2016-0026 entitled "Glyphosate in the 
general population and in applicators: A critical review of studies on exposures" with Dr Ashley Roberts as contact 
author.

Please look at the reviews and make a decision by 27-May-2016.

Sincerely,
Mildred B Morgan
Critical Reviews in Toxicology Editorial Office mbmorgan@
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RogeMVIcClellan

From:
Sent:
To:
Cc:
Subject:

Roger McClellan croger.o.mcclellan 
Saturday, May 14, 2016 10:03 AM 
Ashley Roberts
Mildred; Roger McClellan
Titles for Constellation of Glyphosate papers

Ashley:
As you coordinate the revision of the five glyphosate papers please give consideration to revising the titles. One 

option is to use a single master title like "Review of Potential Carcinogenicity of Glyphosate:" and assign the five papers 
sub- titles like —  I. Overview and Summary Conclusions, II. Exposure Assessment, III. Animal Evidence, IV. 
Epidemiological Evidence and V. Mechanistic Evidence. This would parallel the IARC structure which is being critiqued. 
The current titles have been confusing to some reviewers.

As I have noted earlier, many of the reviewers of the 5 papers have called for greater clarity in presenting the 
approach used and conclusions drawn by IARC and then the comparison and contrasting of the approach and 
conclusions of the InterTek organized reviews.

Best regards, 
Roger il
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Roger McClellan

From:
Sent:
To:
Ce:
Subject:

John Acquavella <acquajohn(ç >
Saturday, May 14, 2016 10:35 AM 
Roger McClellan
mbm organ@ hargray^^B ashley.roberts@ mtertek^M
Re: Critical Reviews in Toxicology - Decision on Manuscript ID BTXC-2016-0029

Roger:

Thank you for the note. My affiliation is with Aarhus University. Like my co-authors, we can consult as we judge 
appropriate and our universities are not involved. I can see that my email signature can cause confusion and have 
revised it.

That being said, I will make sure that our disclosure of interests statement is clear - that we were all acting as 
independent consultants. We realize that this is a controversial area, but we hope that fair minded people will see the 
scientific value in our review - as all the reviewers did.

It is nice to know about your Aarhus connection. One of the great things about my professorship is spending time in 
residence in Aarhus. I go approximately 3 times a year to teach, advise students, and work with colleagues. The 
Department of Clinical Epidemiology is a great department and they have access to unparalleled national data sources 
for clinical epidemiology research. They are not political at all and actually value having faculty with a background in 
private industry. That's refreshing.

Regards,

John

John Acquavella, PhD FACE FISPE 
Professor, Dept Clinical Epidemiology 
Aarhus University, Denmark

On 5/14/16, 9:18 AM, "Roger McClellan" @att.net> wrote:

> I note from your e-mail you are using a combination title and address, ie Consultant and Professor. I think this will 
require greater clarity in the final papers. Am I correct in assuming this work was done as an independent consultant 
without any involvement of Aarhus University? I raise this because I can expect the critics of this and the other papers

>John:
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^ Roger^ M cC leM an

Sent:
To:
Cc:
Subject:

From: on bella fo1-> r o g a  o.mcc.'e Ian  m a n u  s c r i p t  e n t r a  c o n i  o n  b e h a  t < f
roger.o.mcclellan(3 ^ ^ ^
Wednesday, May 25, 2016 5:01 PM

Manuscript ID BTXC-2016-0029.R1 now in your Associate Editor Center

25-May-2016 

Dear Dr McClellan:

The above manuscript, entitled "Glyphosate Epidemiology Expert Panel Review A weight of evidence systematic review 
of the relationship between glyphosate exposure and non-Hodgkin's lymphoma or multiple myeloma" with Professor 
John Acquavella as contact author, has been assigned to you and is awaiting reviewer selection. Please go to your Editor- 
in-Chief Center at https://mc.manuscriptcentral.com/btxc and select reviewers by 27-May-2016.

Sincerely,

Roger O. McClellan
Editor-in-Chief, Critical Reviews in Toxicology roger.o.mcclellan(S^^^p
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Roger McClellan

From: Ashley Roberts Intertek <ashley.roberts@intertek|
Sent: Monday, May 16, 2016 10:04 AM
To: roger.o.m cclelland^^B; Judy Vowles Intertek
Cc: mbmorgan@hargray^H
Subject: RE: Critical Reviews in Toxicology

Thank you Roger

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
Tel: +1 905-542-2900
Fax: +1 905-542-1011
E-mail: ashley.roberts@ intertek^J
2233 Argentia Road, Suite 201
Mississauga, Ontario Canada L5N 2X7

— Original Message.......
From: onbehalfof+roger.o.mcclellan-i^^^Mjpmanuscriptcentral.com
[mailto:onbehalfof+roger.o.mcclellam^^^j@manuscriptcentral.com] On Behalf Of roger.o .m cclelland^^J
Sent: May-16-16 12:03 PM
To: Ashley Roberts Intertek; Judy Vowles Intertek
Cc: roger.o.mcclellan(S^^^| ;  mbmorgan@hargra\^^
Subject: Critical Reviews in Toxicology

16-May-2016

BTXC-2016-0025 - Glyphosate: Carcinogenic potential -  A Critical review using four Expert Panels 

Dear Dr Ashley Roberts:

By copy of this e-mail I am asking Mildred to provide you an additional set of comments on the summary paper. I 
strongly concur with the reviewer’s suggestions. As you will note there is a strong concensus that the InterTek 
coordinated review and critique of the IARC review and classification of glyphosate needs to be very direct in comparing 
and contrasting the approach and results fof IARC and the InterTek panels. I strongly support the inclusion in the 
summary paper of a table listing the participants in each InteTek Panel and a summary table comparing and contrasting 
key findings and conclusions of the IARC Panels and the InterTek panels with linkages to each of the detailed papers.

There may be one more set of comments on this paper. I will keep you posted.

Sincerely,
Dr Roger McClellan 
Critical Reviews in Toxicology

Visit www.informapharmascience.com and sign up for free eTOC alerts to all Informa Pharmaceutical Science journals
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Valued Quality. Delivered.

CONFIDENTIALITY NOTICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipient then please notify us by return email immediately. 
Should you have received this email in error then you should not copy this for any purpose nor disclose its contents to 
any other person.
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Roger McClellan

From:
Sent:
To:
Subject:

Whalley, Charles <Charles.Whalley@tandfJ 
Friday, May 20,2016 8:16 AM 
Mildred Morgan; 'Roger McClellan'
RE: Glyphosate manuscripts in ScholarOne

Dear Mildred,
I see! I didn’t realise they'd already had a decision, which is why I couldn’t find them. I'm a little behind.
I am sorry that you’re still having to work with your left hand, so I’m especially grateful for your response here. I 
do hope you are back to both hands soon.
Very best wishes,
Charles

From: Mildred Morgan [mailto:mbmorgan@hargra>^^J
Sent: 20 May 2016 15:07
To: Whalley, Charles; 'Roger McClellan'
Subject: RE: Glyphosate manuscripts in ScholarOne

Dear Charles:

All of the Glyphosate papers are loaded into Scholar One , they have all been reviewed and the comments sent back to 
authors for revision of the papers. Dr. Ashley Roberts has also received all of the comments.

I am still typing with only my left hand so it is a slow process. I am going to therapy 3 times a week. I will be so happy to 
be able to use both hands. Just going to take and patience.

Mildred

From: Whalley, Charles rmailto:Charles.Whallev@tandl|
Sent: Friday, May 20, 2016 9:49 AM
To: Roger McClellan (rooer.o.mcclellanig^^ J l
Cc: mbmoroan@harorav^J
Subject: Glyphosate manuscripts in ScholarOne

Dear Roger and Mildred,
Am I right in thinking that the Glyphosate manuscripts from Dr Roberts’ group are not currently loaded into the 
ScholarOne system?
Best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Science Journals
Taylor & Francis Group

Oxon, 0X14 4RN, UK
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Roger McClellan

From: Whalley, Charles <Charles.Whalley@tandf^^
Sent: Friday, May 20, 2016 9:00 AM
To: Roger McClellan
Cc: mbmorgan@hargray^H
Subject: RE: Glyphosate manuscripts in ScholarOne

Dear Roger,
Many thanks for confirmation. I wasn’t aware that a decision had already been returned on these manuscripts. 
I've got what I need to start preparing a quote for a possible supplement.
All best wishes as ever,
Charles

From: Roger McClellan [mailto:roger.o.mcdellan@^^^J 
Sent: 20 May 2016 15:41 
To: Whalley, Charles
Cc: mbmorgan@hargray^^ Roger McClellan 
Subject: Re: Glyphosate manuscripts in ScholarOne

Charles:
All live manuscripts have gone through a rigorous initial round o f  review including 10 reviewers on the 
Introduction and Summary paper. The comments have been positive and will help the authors further improve 
the constellation o f  five papers. Making revisions and ensuring the papers are appropriately crossed linked and 
that references and Supplemental material are in order is going to be challenging for Ashley and his colleagues 
and will take some time.
1 suspect the reference to Sponsor should note InterTek with reimbursement by Monsanto.
Best regards,
Roger

On Fri, 5/20/16, Whalley, Charles tandf.eo.uk> wrote:

Subject: Glyphosate manuscripts in ScholarOne _____
I ■ ' N 'm . :

Cc: "mbmoruanid harura\JJ P  <mbmorganfc1'hart;ra\^ ^ B>
Date: Friday, May 20, 2016, 6:49 AM

Dear Roger 
and Mildred,
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Am I right
in thinking that the Glyphosate manuscripts from Dr 
Roberts’ group are not currently loaded into the 
ScholarOne system?

Best
wishes,
Charles

Charles Whalley

Managing Editor, Medicine & Health Science 
Journals
Taylor & Francis 
Group
4 Park Square, Milton
Park, Abingdon, Oxon, 0X 14 4RN, UK
Direct line:

\wvw. tandfonline.com

Taylor & Francis
is a trading name o f Informa UK Limited, 
registered in England 
under no. 1072954
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j t o ^ e H W c C le H a i i

From:
Sent:
To:
Cc:
Subject:

1 ■. : •.............. ■ • ■•■'■■ ■ '
Thursday, May 26, 2016 8:33 AM 
roger.o.mcdellan@^^H 
mbmorgan@hargray^H 
RE: Critical Reviews in Toxicology

Hi Roger,

I will call later today to discuss. 

Best Wishes

Ashley

Ashley Roberts, Ph.D.
Senior Vice President 
Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Tel: + l|
Fax: +11______________
E-mail: |^^^^^^H@intertek.com 
2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

— Original Message—
From: onbehalfof+roger.o.mcclellan 
[mailto:onbehalfof+roger.o.mcclella 
Sent: May-25-16 6:58 PM
To: Ashley Roberts Intertek; Judy Vowles Intertek
Cc: roger.o.mcclel!an(a^^^|  mbmorgan@hargray^^
Subject: Critical Reviews in Toxicology

25-May-2016

BTXC-2016-0026.R1 - Glyphosate in the general population and in applicators: A critical review of studies on exposures 

Dear Dr Ashley Roberts:

Let's discuss how to better identify the Supplemental Material so it will stand alone and be informative to the reader. A 
brief paragraph to introduce it would be helpful to the reader.

A one or two sentence descriptor for each set of Supplemental Material that could be used at the end of the text would 
be useful.

@manuscriptcentral.com
lt@manuscnptcentral.com] On Behalf Of roger.o.mcclellar

Sincerely,
Dr Roger McClellan
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Critical Reviews in Toxicology
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any other person.
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JRoçjeMWcCleMari

From:
Sent:
To:
Cc:
Subject:

Roge; V  Cedar: rcger o n:rr
Tuesday, July 5, 2016 3:31 PM
Roger McClellan; Ashley Roberts Intertek
Roger McClellan; Mildred
Re: Need for telephone conversation/ Followup

Ashley:
It is shown below -J 

Or call my cell phone atl
I Or you can reach me at my desk atl ; if I am at my desk, it is my fax line.

. I hope your having a great time in Nova Scotia, one of my favorite spots. I found
a lot of McClellans and MacLellans there, almost all were six feet under. 
Roger

On Tue, 7/5/16, Ashley Roberts Intertek @intertek.com> wrote:

Subject: Re: Need for telephone conversation/ Followup 
To: "Roger McClellan" <roger.o.mcclellan(a^^^^B
Cc: "Roger M cClellan" <roger o r 'c c li’ llanr- ^ ^ ^ JC  "M ildred" <mhmorgan@hargra' 
Date: Tuesday, July 5, 2016, 2:17 PM

>

Hi Roger,

As I am on vacation, please
could you send me your telephone number so I can call you? 

Thanks

Ashley

Sent from my BlackBerry 10 smartphone on the Bell network. 
Original Message 

From: Roger McClellan 
Sent:
Tuesday, July 5, 2016 5:37 PM 
To: Ashley 
Roberts Intertek 
Reply To: Roger 
McClellan
Cc: Roger McClellan; Mildred
Subject: Re: Need for telephone conversation/ Followup

Ashley:
I am also

eager to get these papers wrapped up. I was hoping I could deal with one individual, you, rather than multiple authors. 
However, I understand you are away from your office for some time. There are several issues that need to be 

addressed.
First, the Acknowledgements
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section and Declaration of Interest sections in all the papers need further attention. I want them to be as clear and 
transparent as possible. At the end of the day I want the most aggressive critics of Monsanto, your organization and 
each of the authors to read them and say - Damm, they covered all the points we intended to raise.

I was anticipating that each
paper would include an Acknowledgements section that would read something like —"The authors gratefully 

acknowledge the extensive comments received from xx reviewers selected by the Editor and anonymous to the 
authors. These comments were very helpful in revising the paper.” I am proud of the rigorous review given these 
papers and want to make certain that review is clear to all readers. The Acknowledgements sections should also identify 
any other reviewers of the paper and any editorial assistance.

The DOIs should start
something like The employment affiliation of the authors is as shown on the cover page. However, it should be 
recognized that each individual participated in the review process and preparation of this paper as an independent 
professional and not as a representative of their employer. The remainder of the DOI should make clear how 
individuals were engaged, ie by Intertek. If you can say without consultation with Monsanto that would be great. If 
there was any review of the reports by Monsanto or their legal representatives that needs to be disclosed. Any 
previous appearances by individuals before regulatory agencies in the USA or abroad needs to be disclosed. The 
wording concerning involvement of employees of your firm and Can-Tox is not very clear and invites criticism, let it all 
hang out. Identify the individuals by name and note the nature of work done by the organization for Monsanto.

I want to be assured that all of the references in all the papers are clearly identified and can be made available to 
any interested person. Can your firm fill that role. I am concerned that in the summary paper key information is not 
directly referenced , rather reference is made to EPA documents. It is important to be as clear and transparent as 
possible. As I recall one paper refers to a "Confidential Document". Can that document be made available now?

As a summary
point, did the review you conducted use ANY papers not referenced by IARC? If so, should that point be addressed in 

the summary paper and , perhaps, other papers as appropriate.
On a personal

note I think the papers to a varying degree would benefit from very careful editing to minimize language that is 
combative. I had assumed that at a final stage all the papers would have been carefully edited by a professional editor. 

Please give me a call at
to discuss how best to move forward.

Best regards, Roger

On Tue, 7/5/16, Ashley Roberts lntertek| 
wrote:

lintertok.coni>

Subject: Re: Need
for telephone conversation
To: "Roger ___________________
McClellan" <̂ ^ |J^ ^ ^ ^ ^ J@ att.net>
Date: Tuesday, July 5, 2016, 4:06 AM

Hi Roger

I am messaging you from a few days vacation I am taking in 
Nova Scotia.

I am getting a lot of 
pressure to publish the papers for a 
lot of
reasons as you can imagine. Please could you let me
know the changes you require that we spoke of while I was in
China. Sorry to rush you on
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this matter but these papers 
will also
be useful for ECHA which is a European Agency
that is reviewing the safety of glyphosate. We would very
much like to share our
manuscripts with them to aid in their

deliberations.

I look
forward to receiving your reply.

Best Wishes

Ashley

Sent from my
BlackBerry 10 smartphone on the Bell network.

Original Message

From: Roger McClellan 
Sent: Sunday, June 
19, 2016 8:41 PM 
To: Ashley Roberts 
Intertek
Reply To: Roger McClellan 
Cc: Mildred; Roger McClellan

Subject: Need for telephone conversation

Ashley:
I think it would be
useful if you and I were to have a

telephone conversation with regard to the glyphosate papers.
What is your schedule on Monday or
Wednesday and your
availability fora

call?
Do you have a professional editor 

assisting with finalizing 
these papers? You
reference in the DOIs that employees of

your firm previously did work for Monsanto. Can you provide 
details, ie individuals and areas 
of work and time period? I 
note at least

one reference to a confidential report. Has

that now been disclosed. Is there any work that the Panels
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used in drawing their conclusions 
that is not now available?
I would have
been happier if all the paper had noted the

number of external reviewers and the value of the comments. 
I am concerned that the authors 
have chosen to not comply 
with requests to
make it easier fro the readers of identify

ALL the relevant literature. Why not bend over backwards to 
address concerns? I am still concerned about the tone in 
some places. Why
antagonize the readers? I am still not

clear as to the process used by all of the Panels. These 
reports are essentially a rebuttal of lARCs process and 
conclusions. There appears to 
be a reluctance to be 
absolutely clear in
presenting exactly what IARC concluded ,

the Panels conclusions and how they differ. Am I missing 
something?
I look forward to 

speaking with you.
Best regards,
Roger

Valued
Quality. Delivered.

CONFIDENTIALITY NOTICE

This email may contain confidential or privileged 
information, if you are not the intended recipient, or the 
person responsible for 

delivering the message to the 
intended

recipient then please notify us by return email
immediately. Should you have received this email in error
then you should not copy
this for any purpose nor disclose
its

contents to any other person. 

http://www.intertek.com
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privileged information, if you are not the intended recipient, or the person responsible for delivering the message to 

the intended recipient then please notify us by return email immediately. Should you have received this email in error 
then you should not copy this for any purpose nor disclose its contents to any other person.

http://www.intertek.com

21

RM 000337

http://www.intertek.com


Subject: Re: Need for telephone conversation 
To: "Roger McClellan" <roger.o.mcdellan@^^^|>
Date: Tuesday, July 5, 2016, 4:06 AM

Hi Roger

I am messaging you from a few days vacation I am taking in Nova Scotia.

I am getting a lot of pressure to publish the papers for a lot of reasons as you can imagine. Please could you let 
me know the changes you require that we spoke of while I was in China. Sorry to rush you on this matter but these 
papers will also be useful for ECHA which is a European Agency that is reviewing the safety of glyphosate. We would 
very much like to share our manuscripts with them to aid in their deliberations.

I look forward to receiving your reply.

Best Wishes

Ashley

Sent from my BlackBerry 10 smartphone on the Bell network.
Original Message 

From: Roger McClellan 
Sent: Sunday, June 19, 2016 8:41 PM 
To: Ashley Roberts Intertek 
Reply To: Roger McClellan 
Cc: Mildred; Roger McClellan 
Subject: Need for telephone conversation

Ashley:
I think it would be useful if you and I were to have a telephone conversation with regard to the glyphosate papers. 
What is your schedule on Monday or Wednesday and your availability for a call?
Do you have a professional editor assisting with finalizing these papers? You reference in the DOIs that employees 

of your firm previously did work for Monsanto. Can you provide details, ie individuals and areas of work and time 
period? I note at least one reference to a confidential report. Has that now been disclosed. Is there any work that the 
Panels used in drawing their conclusions that is not now available?
I would have been happier if all the paper had noted the number of external reviewers and the value of the 

comments.
I am concerned that the authors have chosen to not comply with requests to make it easier fro the readers of 

identify ALL the relevant literature. Why not bend over backwards to address concerns? I am still concerned about the 
tone in some places. Why antagonize the readers? I am still not clear as to the process used by all of the Panels.
These reports are essentially a rebuttal of lARCs process and conclusions. There appears to be a reluctance to be 
absolutely clear in presenting exactly what IARC concluded , the Panels conclusions and how they differ. Am I 
missing something?
I look forward to speaking with you.
Best regards,
Roger

Valued Quality. Delivered.

CONFIDENTIALITY NOTICE
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This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipient then please notify us by return email immediately. 
Should you have received this email in error then you should not copy this for any purpose nor disclose its contents to 
any other person.

http://www.intertek.com
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CONFIDENTIALITY NOTICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipient then please notify us by return email immediately. 
Should you have received this email in error then you should not copy this for any purpose nor disclose its contents to 
any other person.
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Rocjei^McCleHan

From: Roger McClellan croger.o.mcclellan
Sent: Thursday, July 7, 2016 9:09 AM
To: Ashley Roberts Intertek
Cc: Mildred; Roger McClellan
Subject: Re: Final Revisions

Ashley:
Thanks for the revised papers. I have started to review them. In the summary paper key information is presented in a 

paragraph beginning at line 127. This is now supported by a reference to a secondary document, ie EPA. Can you provide 
the primary references. I would personally like to know the reviewing pathologist and have a reference to that report, 
the other 3 pathologists and a reference to their report and the Pathology Working Group and a reference to their 
report. Can these be provided?

In the DOI reference is made to a key report Can-Tox was involved in preparing along with Gary Williams. Can that 
report be referenced? Perhaps it s already referenced in the text. Even if it is reference it again in the DOI.

I will be working through the others and will no doubt have additional comments.
Best regards, Roger

On Wed, 7/6/16, Ashley Roberts Intertek <^^M B^^B@ intertek.com> wrote:

Subject: Final Revisions
To: "Roger McClellan" <roger.o.mcclellan(a^^^|>
Cc: "Mildred" <mbmorgan@hargray^J>
Date: Wednesday, July 6, 2016, 5:16 PM

Dear Roger,

Please find attached the revised manuscripts as per your request below.

The changes can be seen as tracked changes for the sake of easy review. We have changed the DOI and made some 
slight editorial changes to the animal carcinogenicity paper.

I hope these address your concerns? I am currently on my way to Brussels so if these changes are acceptable, please 
could you confirm and provide me with a letter regarding our sharing these papers with ECHA.

Thanking you in anticipation.

Best Wishes

Ashley

PS. I noted that there was a McClellan street just outside of the town of Baddeck today. I am presuming some of your 
ancestors migrated to that part of Nova Scotia!!!

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
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Tel:
Fax:
E-mj @intertek.com
2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

— Original Message—
From: Roger McClellan [mailto:roger.o.mcclellan
Sent: July-05-16 4:35 PM 
To: Ashley Roberts Intertek 
Cc: Roger McClellan; Mildred
Subject: Re: Need for telephone conversation/ Followup 

Ashley:
I am also eager to get these

papers wrapped up. I was hoping I could deal with one individual, you, rather than multiple authors. However, I 
understand you are away from your office for some time.
There are several issues that need to be addressed.

First, the Acknowledgements section and Declaration of Interest sections in all the papers need further attention. I 
want them to be as clear and transparent as possible. At the end of the day I want the most aggressive critics of 
Monsanto, your organization and each of the authors to read them and say - Damm, they covered all the points we 
intended to raise.

I was anticipating that
each paper would include an Acknowledgements section that would read something like —"The authors gratefully 
acknowledge the extensive comments received from xx reviewers selected by the Editor and anonymous to the 
authors. These comments were very helpful in revising the paper." I am proud of the rigorous review given these 
papers and want to make certain that review is clear to all readers. The Acknowledgements sections should also identify 
any other reviewers of the paper and any editorial assistance.

The DOIs should start something like —" The employment affiliation of the authors is as shown on the cover page. 
However, it should be recognized that each individual participated in the review process and preparation of this paper 
as an independent professional and not as a representative of their employer. The remainder of the DOI should make 
clear how individuals were engaged, ie by Intertek. If you can say without consultation with Monsanto that would be 
great. If there was any review of the reports by Monsanto or their legal representatives that needs to be disclosed. Any 
previous appearances by individuals before regulatory agencies in the USA or abroad needs to be disclosed. The 
wording concerning involvement of employees of your firm and Can-Tox is not very clear and invites criticism, let it all 
hang out. Identify the individuals by name and note the nature of work done by the organization for Monsanto.

I want to be assured that all of
the references in all the papers are clearly identified and can be made available to any interested person. Can your 
firm fill that role. I am concerned that in the summary paper key information is not directly referenced , rather 
reference is made to EPA documents. It is important to be as clear and transparent as possible. As I recall one paper 
refers to a "Confidential Document". Can that document be made available now?

As a summary point, did the review you conducted use ANY papers not referenced by IARC? If so, should that point 
be addressed in the summary paper and , perhaps, other papers as appropriate.

On a personal note I think the
papers to a varying degree would benefit from very careful editing to minimize language that is combative. I had 

assumed that at a final stage all the papers would have been carefully edited by a professional editor.
Please give me a call a t d i s c u s s  how best to move forward.

Best regards, Roger

On Tue, 7/5/16, Ashley Roberts Intertek @intertek.com>
wrote:
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Subject: Critical Reviews in Toxicology standing matter 
To: "Roger McClellan" <roger.o.mcclellan(S^^^|>
Cc: "Mildred" <mbmorgan@hargray^^B "Whalley, Charles" <Charles.Whalley@tandf 
Date: Friday, July 8, 2016, 7:13 AM

Dear Roger and Mildred

Thank you for the phone
call yesterday. It was lovely to speak to you both. After our conversation, I instructed the typesetter to follow the new 

guidelines for the presentation of supplemental material so we should soon start to see articles 
containing a 'Supplemental material' section, as shown in the sample Charles sent you.

I also wanted to follow up
my message yesterday with some further information about the changes to journal standing matter I mentioned. These 

would be beneficial as we could potentially reduce the number of preliminary pages from four to 
two, freeing up a couple more pages in the journal budget for articles. The information on the standing matter has 

also been better organised and made clearer and more concise for readers.

I've attached
descriptions of the two different templates and also explained a bit more about them below. If either of these appeal 

to you, I can ask the typesetter to create a journal-specific sample, which I can send to you for your review.

Please do
let me know if you have any questions. I look forward to hearing your thoughts once you've had time to consider the 

various options.

Many thanks 
and best wishes

Jenna

Option A

The subscriptions information page is removed.
Subscriptions information is merged with the text on the inside covers. The journal's aims and scope appear on the 
back cover.

We would have two preliminary pages if we were to adopt this option: the two table of contents pages.

Option B

The table of contents appears on the outside back cover of the journal and is continued onto the inside back cover. 
The internal table of contents pages would therefore be removed.
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Subscription information and typesetting and printing information would be added on page i of the journal.

We would have two preliminary pages: the subscriptions information page (p. i) and a blank page on the reverse of this 
(p. ii).

Jenna
Whittle
Production Editor, 
Journals 
Taylor & Francis

4 Park Square, Milton
Park, Abingdon, Oxon, 0X14 4RN, UK

jenna.whittle@tandf|

www.tandfonline.com

This electronic
message and all contents transmitted with it are confidential and may be privileged. They are intended solely for the 
addressee. If you are not the intended recipient, you are hereby notified that any disclosure, distribution, copying or 

use of this message or taking any action in reliance on the contents of it is strictly prohibited. If you have received this 
electronic
message in error, please destroy it immediately, and notify the sender.

Taylor & Francis
is a trading name of Informa UK Limited, registered in England under no. 1072954
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Roger McClellan

From:
Sent:
To:
Subject:
Attachments:

Ashley Roberts Intertek 
Tuesday, July 12, 2016 3:50 AM 
Roger McClellan 
RE: Glyposate papers -Frustration
Genotoxicity Paper _Supplemental lnfo_Refs expanded_App B FINAL 2-25-16....docx

l y \ n l e n e k . c o m >

Hi Roger,

Please find attached the changes requested to the genetox manuscript. Please let me know if this is now okay?

Best Wishes

Ashley

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
T e l : + 1 ^ ^ ^ ^ H
Fax:
E-mail: ̂ ^ ^ ^ ^ ^ H @ intertek .com 
2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

— Original Message—
From: Roger McClellan [mailto:roger.o.mcclellan(S^^^J]
Sent: July-08-16 2:34 PM
To: Ashley Roberts Intertek
Cc: Roger McClellan
Subject: Glyposate papers -Frustration

Ashley:
When can you and I speak again about these papers. I have spent substantial time working on these papers and I am 

becoming increasingly frustrated. As an example -read the "revised" carcinogenicity paper. This paper is intended to 
critique the "animal evidence" that feeds in to the IARC classification. The IARC position should be clearly stated, indeed 
quoted, as a basis for the review. It is NOT.

Have you read the genotoxicity "revised" paper and the response to reviewers comments. Reviewer 1 calls for more 
details in Appendix B on identity of studies. The authors argue that was not requested in the earlier publication, why do 
we need to give it now? Do you agree with this approach to"stiffing" the reviewer?

These are just a couple of examples that heighten my frustration.
When can we speak about these matters?
Roger

Valued Quality. Delivered.

CONFIDENTIALITY NOTICE
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This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipient then please notify us by return email immediately. 
Should you have received this email in error then you should not copy this for any purpose nor disclose its contents to 
any other person.

http://www.intertek.com
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RoqerJMcClellan

From:
Sent:
To:
Subject:
Attachments:

Roger McClellan <roger.o.mcdellan@^^Bt>
Thursday, July 14, 2016 1:12 PM 
Mildred
Fw: RE: Glyposate papers -Frustration
Genotoxicity Paper .Supplemental lnfo_Refs expanded.App B FINAL 2-25-16....docx

— On Tue, 7/12/16, Ashley Roberts Intertek < ash ley .ro b erts@ m tertek^ ^ J wrote:

> From: Ashley Roberts lntertek^ ^ ^ ^ ^ ^ ^ ^ Jintertek.com>
> Subject: RE: Glyposate papers -Frustration
> To: "Roger McClellan" <roger.o.mcclellan(S^^^>
> Date: Tuesday, July 12, 2016, 2:49 AM
> Hi Roger,
>
> Please find attached the
> changes requested to the genetox manuscript. Please let me know if
> this Is now okay?
>
> Best Wishes
>
> Ashley
>
> Ashley
> Roberts, Ph.D.
> Senior Vice President
> Food & Nutrition G r o u p
> Intertek Scientific & Regulatory
> Consultancy

> Fax:
> E-mail: ̂ ^^^^HH@intertek.com
> 2233 Argentia Road, Suite 201
> Mississauga, Ontario Canada L5N 2X7
>
>
> — Original
> Message—
> From: Roger McClellan
> [mailto:roger.o.mcclellan(S^^mj
> Sent: July-08-16 2:34 PM
> To:
> Ashley Roberts Intertek
> Cc: Roger
> McClellan
> Subject: Glyposate papers
> -Frustration
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>
> Ashley:
> When can you and I speak again about these papers. I have spent
> substantial time working on these papers and I am becoming
> increasingly frustrated. As an example -read the "revised"
> carcinogenicity paper. This paper is intended to critique the "animal
> evidence" that feeds in to the IARC classification. The IARC position
> should be clearly stated, indeed quoted, as a basis for the review. It
> is NOT.
> Have you read the genotoxicity
> "revised" paper and the response to reviewers comments. Reviewer 1
> calls for more details in Appendix B on identity of studies. The
> authors argue that was not requested in the earlier publication , why
> do we need to give it now? Do you agree with this approach
> to"stiffing” the reviewer?
> These are just a couple of
> examples that heighten my frustration.
> When can we speak about these
> matters?
> Roger
>
> Valued Quality. Delivered.
> __________________________________
> CONFIDENTIALITY NOTICE
>
> This email may contain confidential or privileged information, if you
> are not the intended recipient, or the person responsible for
> delivering the message to the intended recipient then please notify us
> by return email immediately. Should you have received this email in
> error then you should not copy this for any purpose nor disclose its
> contents to any other person.
>
> http://www.intertek.com
>
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Roger McClellan

From: Ashley Roberts Intertek
Sent: Saturday, July 16, 2016 8:26 AM
To: Roger McClellan
Subject: FW: Manuscript

Hi Roger,

@intertek.com>

I know you are off for a few days but I have had a question from one of the manuscript leaders and so I thought I better 
confirm with you.

The question is 1. Should I complete the copyright release form or does that go with the set of all publications?

I believe each person assigned the lead on the manuscript should do this but just thought I should get confirmation.

Thanks

Ashley

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
Tel: +1
Fax:
E-mail: M B B B B l B@intertek.com

2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

1. Should I complete the copyright release form or does that go with the set of all publications?
2. When the proofs arrive, the journal wants them returned in 48 hours. Knowing that our group never does anything in 48 
hours, is there a standard method you suggest?

David
Valued Quality. Delivered.

CONFIDENTIALITY NOTICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person responsible for delivering the message 
to the intended recipient then please notify us by return email immediately. Should you have received this email in error then you should not copy this for 
any purpose nor disclose its contents to any other person.

http //www intertek com
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From:
Sent:
To:
Cc:
Subject:

JtogeMVlcClellari

John Acquavella <acquajohn(a^ ^ ^ ^ ^ J>
Monday, July 18, 2016 1:56 PM
’ ■' • ■ H I
mbmorgan@hargray^H
Re: Critical Reviews in Toxicology - Decision on Manuscript ID BTXC-2016-0029.R1

Dr. McClellan:

I will be speaking at the Toxicology Forum on Tuesday, July 26. My topic is: Implications of the Use of Epidemiologic Data 
in Risk Analysis. Can I assume that I have your permission to mention some of the key thoughts from our recently 
accepted glyphosate epidemiology article and to cite it on my slides as: Acquavella et al. A weight of evidence 
systematic review of the relationship between glyphosate exposure and non-Hodgkin’s lymphoma or multiple myeloma. 
Crit Rev Toxicol DOI 10.1080/10408444.2016.1214681.

Thank you for your consideration of this request.

Regards,

John

John Acquavella, PhD FACE FISPE 
Professor, Dept Clinical Epidemiology 
Aarhus University, Denmark

On 7/15/16,1:30 PM, "Critical Reviews in Toxicology" conbehalfof+roger.o.mcclella 
wrote:

@manuscriptcentral.com>

15-Jul-2016

Dear Professor Acquavella:

Ref: Glyphosate Epidemiology Expert Panel Review
A weight of evidence systematic review of the relationship between glyphosate exposure and non-Hodgkin’s 

lymphoma or multiple myeloma

It was a pleasure to receive your revised manuscript and, especially, to note the careful attention you gave to the 
reviewers comments. In my opinion, the paper is now clearer and will be a valuable contribution to the literature on this 
widely used chemical. Hence, I am pleased to accept your paper in its current form which will now be forwarded to the 
publisher for copy editing and typesetting. This paper will be published in a Special Supplement of Critical Reviews in 
Toxicology along with four related papers.

In a letter to Ashley Roberts I have detailed the circumstances under which this and the other four papers in the 
Special Issue can be shared with regulatory authorities. Please be certain you adhere to that guidance.
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You will receive proofs for checking, and Instructions for transfer of copyright In due course.

The publisher also requests that proofs are checked and returned within 48 hours of receipt.

Thank you for your contribution to Critical Reviews In Toxicology and we look forward to receiving further submissions 
from you.

Sincerely,

Roger 0 . McClellan
Editor-In-Chief, Critical Reviews in Toxicology 
roger.o.mcclellan(5^^^|

Visit www.lnformapharmasclence.com and sign up for free eTOC alerts to all Informa Pharmaceutical Science journals
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Ftô erJMcCleMari

F ro m :
S e n t :
To:
Cc:
Subject:

Whittle, Jenna l@informa.com>
Monday, July 18. 2016 7:38 AM 
Roger McClellan; Whalley, Charles 
Mildred
RE: Critical Reviews in Toxicology - Decision on Manuscript ID BTXC-2016-0025.R1

Thanks for your messages, Roger. I confirm that the papers have arrived in production and I'll be in touch if I have any 
questions about them.
The publication date largely depends on how quickly authors can return corrections, assuming all the contractual 
arrangements are finalised shortly. However, all going well, I would estimate that mid-September seems likely and we 
will do our best to move things along as quickly as possible. Initial proofs of each article should be ready next week 
Please do let me know if you have any questions.
Many thanks again and best wishes 
Jenna

From: Roger McClellan [mailto:roger.o.mcclellan(S^^^J 
Sent: 16 July 2016 03:50 
To: Whalley, Charles
Cc: Whittle, Jenna; Mildred; Roger McClellan
Subject: Fw: Critical Reviews in Toxicology - Decision on Manuscript ID BTXC-2016-0025.R1 

Charles and Jenna;
Attached is the first o f  five letters accepting papers on the review o f the potential carcinogenic hazard o f  
Glyphosate ( Roundup) to be published in a special supplement to Critical Reviews in Toxicology.
Charles, I anticipate that you will finalize any necessary arrangements for publication o f  these five papers with 
any fees paid by Intertek or by Monsanto. 1 am assuming they will want open access to maximize the 
readership.
Jenna, please notify me as to the most likely production and publication schedule. The authors and sponsor arc 
very eager to have these available on line at the earliest possible date.
1 will be preparing a brief Editors note that will be placed in front o f  the five papers. 1 will try to get the piece to 
you at the earliest possible date.
As an aside, a total o f 27 reviewers reviewed these papers with one paper reviewed by 5 individuals, three 
papers reviewed by 7 individuals and one paper reviewed by 10 individuals. Some individuals reviewed several 
papers and one individual reviewed all five papers. 1 doubt tht collectively any other pset o f papers has been 
extensively reviewed.
Please let me know if you have any questions.
As a favor could one o f  you do a quick literature search using search terms like -- glyphosate, Roundup, cancer, 
carcinogenesis, genotoxicity, mechanisms o f action, epidemiology, hazard and risk to see how many papers on 
these subjects have been published in last 10 years or 20 years.
How readily can you determine how many different references have been cited collectively in the 5 papers? 
Thanks for your help on publishing what 1 think will be a highly cited collection o f  papers.
Best regards, Roger

— On Fri, 7/15/16, Critical Reviews in Toxicology 
<onbehalfof+roger.o.mcclellan in mu1 1 riptcenlral.com> wrote:
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|( a  mannscnniconiral.com>> From: Critical Reviews in Toxicology <o n be h a 1 lb t'+ ro uc r, o. m ee 1 e 11 a n
> Subject: Critical Reviews in Toxicology - Decision on Manuscript ID BTXC-2016-0025.R1
> To: ashlcv.rohcrtsfc/ intcrtel^^B. ¡udv.vowlcsft/ inlerlck^J
> Cc: mhmorsianfn harurav^M
> Date: Friday, July 15, 2016, 1 :()7 PM
> 15-Jul-2016

> Dear Dr Roberts:
>
> Ref: A Review o f the Carcinogenic Potential o f  Glyphosate by
> Four Independent Expert Panels and Comparison to the 1ARC
> Assessment
>
> It was a pleasure to receive the revised manuscript and to
> note the careful attention given to the reviewers comments.
> In my opinion, the revisions were helpful in clarifying key
> points. This paper should be a valuable contribution to the
> literature on this widely used chemical. Hence, 1 am
> pleased to accept your paper in its current form which will
> now be forwarded to the publisher for copy editing and
> typesetting. It is understood that this paper will be
> published with four related papers in a Special Supplement
> to Critical Reviews in Toxicology.
>
> Recognizing the great interest o f  regulatory authorities in
> this and the related papers, I am extending permission to
> you to provide pre-publication copies o f  this and the four
> other papers to regulatory authorities and their advisors.
> It is understood these individuals will not reproduce or
> distribute these draft papers beyond the individuals who
> have need to review and cite the papers. Taylor and Francis
> will hold the copy right to the published papers. The papers
> should not be distributed further until you receive specific
> authorization from Mr Charles Whalley, the Managing Editor
> for CRT at T and F.
>
> You will receive proofs for checking, and instructions for
> transfer o f  copyright in due course.
>
> The publisher also requests that proofs are checked and
> returned within 48 hours o f  receipt.
>
> Thank you for your contribution to Critical Reviews in
> Toxicology and we look forward to receiving further
> submissions from you.
>
>
> Sincerely,
>
> Roger O. McClellan
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> Editor-in-Chief, Critical Reviews in Toxicology

>
>
>
>
> Visit ww vv.inibrmaphannascience.com and sign up for free eTOC
> alerts to all Informa Pharmaceutical Science journals
>
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Ashley Roberts Intertek <ashley.roberts@intertel^^H> 
Tuesday, July 19, 2016 1:47 PM 
Roger McClellan
Re: Five Glyphosate Manuscripts

From:
Sent:
To:
Subject:

Hi Roger,

I have been actioned to ask you how much it would cost in addition to the cost of the publication of the journal, to have 
free access to the individual manuscripts? I think this service was provided previously for the Greim paper.

Please could you let me know what the additional cost for this service would be?

Thanking you in anticipation

Ashley

Sent from my BlackBerry 10 smartphone on the Bell network.
Original Message 

From: Roger McClellan 
Sent: Sunday, July 17, 2016 10:59 AM 
To: Ashley Roberts Intertek 
Reply To: Roger McClellan
Cc: Charles.Whalley@tandf^^^  Jenna.W hittle@ inform^^J; Mildred; Roger McClellan 
Subject: Re: FW:Five Glyphosate Manuscripts

Ashley:
I suggest the lead author for each of the Glyphosate papers complete the copyright assignment form for their paper 

and return them as requested. If this is not adequate I am sure you will hear from Jenna Whittle, the Production Editor 
for CRT, and/or Charles Whalley, the Managing Editor for CRT. Both are copied on this e-mail.

By copy of this e-mail I am asking Jenna to give the authors a week to approve the galleys for their paper. I encourage 
you to ask the lead author of each paper to take responsibility for review of the galley proofs for their paper. You may 
also want to ask that some one from the Intertek Editorial staff review all the galleys in view of the importance of these 
papers.

You should be aware that Charles is now on business travel and in the USA. Thus, you may not hear from him for a 
few days. You may want to a le r t  C h a r le s  to your travel s c h e d u le  to facilitate the two of you m a k in g  contact on the 
Special Issue. In the meantime I am confident that Jenna will be moving the production forward in an expeditious 
manner.
Best regards,
Roger

On Sat, 7/16/16, Ashley Roberts Intertek <ashley.roberts@intertek^^^wrote:

Subject: FW: Manuscript
To: "Roger McClellan" <roger.o.mcclellan(S^^^J>
Date: Saturday, July 16, 2016, 7:25 AM
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Hi Roger,

I know you are off
for a few days but I have had a question from one of the manuscript leaders and so I thought I better confirm with you. 

The question is 1.
Should I complete the copyright release form or does that go with the set of all publications?

I believe each
person assigned the lead on the manuscript should do this but just thought I should get confirmation.

Thanks

Ashley

Ashley Roberts,
Ph.D.

Senior Vice President

Food & Nutrition Group

Intertek Scientific 
& Regulatory Consultancy

Tel: +1

Fax ■

[ -ma I: ash y robert @ nV'rtel^ ^ H

2233 Argentia Road,
Suite 201

Mississauga, Ontario Canada L5N 2X7
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1. Should I complete
the copyright release form or does that go with the set of all publications?

2. When the proofs
arrive, the journal wants them returned in 48 hours.
Knowing that our group never does anything in 48 hours, is there a standard method you 
suggest?

David

Valued Quality. Delivered.

CONFIDENTIALITY NOTICE 
This email may contain
confidential or privileged information, if you are not the intended recipient, or the person responsible for delivering 
the message to the intended recipient then please
notify us by return email immediately. Should you have received this email in error then you should not copy this for 

any purpose nor disclose its contents to any other person. 
http://www.intertek.com

Valued Quality. Delivered.

CONFIDENTIALITY NOTICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipient then please notify us by return email immediately. 
Should you have received this email in error then you should not copy this for any purpose nor disclose its contents to 
any other person.

http://www.intertek.com
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> From: Ashley Roberts
> Intertek
> Sent: Tuesday, July 19, 2016 3:47
> PM
> To: Roger McClellan
> Subject: Re: Five Glyphosate Manuscripts
>
>
> Hi Roger,
>
> I have been actioned to
> ask
> you how much it would cost in addition to the cost of the
> publication of the journal, to have free access to the individual
> manuscripts? I think this service was provided previously for the
> Greim paper.
s
> Please could you let me know
> what the
> additional cost for this service
> would be?
>
> Thanking you
> in
> anticipation
>
> Ashley
>
> Sent
> from my BlackBerry 10
> smartphone on the
> Bell network.
> Original
> Message
> From: Roger
> McClellan
> Sent: Sunday, July 17, 2016 10:59
> AM
> To: Ashley Roberts Intertek
> Reply To: Roger McClellan
>
> Cc:

>

> Mildred; Roger McClellan
>
> Subject: Re:
> FW:Five Glyphosate
> Manuscripts
>
>

> Charles.Whalley@tand1^^H 
• Jenna .V n it t lv?  ir ti >n
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> Ashley:
>
> I
> suggest the lead author for each of the Glyphosate papers complete the
> copyright assignment form for their paper and return them as
> requested. If this is not adequate I am sure you will hear from Jenna
> Whittle, the Production Editor for CRT, and/or Charles Whalley, the
> Managing Editor for CRT.
> Both are copied on this
> e-mail.
> By
>
> copy of this e-mail I am asking Jenna to give the authors a week to
> approve the galleys for their paper. I encourage you to ask the lead
> author of each paper to take responsibility for review of the galley
> proofs for their paper. You may also want to ask that some one from 
>thelntertek Editorial staff review all the galleys in view of the
> importance of these papers.
>
> You should be
> aware that Charles is
> now on business travel and in the USA.
>
> Thus, you may not hear from him for a few days. You may want to alert
> Charles to your travel schedule to facilitate the two of you making
> contact on the Special Issue. In the meantime I am confident that
> Jenna will be moving the production forward in an expeditious manner.
> Best regards,
>
> Roger
>
>--------------------------------
> On Sat, 7/16/16, Ashley Roberts Intertek
> < ashley .roberts(® m terte(^ ^ |>
> wrote:
>
>
> Subject: FW:
> Manuscript
>
> To: "Roger McClellan"
> <roger.o.mcclellan(5^^^|>
> Date: Saturday, July 16, 2016, 7:25 AM
>
>
>
>
>
>
>
>
>
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> Hi Roger,
>
>
> I know you are off
> for a few
> days but I have
> had a question from one of the
> manuscript
> leaders and so I thought I better confirm with
> you.
>
> The .
> question is 1.
> Should I
>
> complete the copyright release form or does that go
> with the set of all publications?
>
> I believe each
> person assigned the lead on the manuscript should do this
> but just thought I
> should
> get confirmation.
>
>
> Thanks
>
> Ashley
>
>
> Ashley
>
> Roberts,
> Ph.D.
>
> Senior Vice President
>
> Food & Nutrition Group
>
> Intertek Scientific
> &
> Regulatory
> Consultancy
>
>
> Tel: +1

>

2 0 8

RM 000359



E-mail: |

2233 Argentia Road, 
Suite 201

l@intertek.com

> Mississauga, Ontario Canada
> L5N 2X7
>
>
>
>
>
>
>
>
>
>
> 1. Should
> I complete
> the
> copyright
> release form or does that go with the set of
> all publications?
>
>
> 2. When the proofs
> arrive, the journal wants them returned in 
>48 hours.
> Knowing that our
> group never does
> anything in 48
> hours, is there a standard
>
> method you
> suggest?
>
>
>
>
>
> David
>
>
>
>
> Valued Quality.
> Delivered.
>
>
>
>
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> CONFIDENTIALITY NOTICE
> This email may
> contain
> confidential or
> privileged
> information, if you are not
> the
> intended
> recipient,
> or the person responsible for delivering
>
> the message to the intended recipient then please
> notify us by return email
> immediately. Should you have
> received this
> email in
> error then you should not copy this
> for
> any purpose nor disclose its contents to any other
> person.
> http://www.intertek.com
>
>
>
>
>
>
>
> Valued Quality. Delivered.
>
>____________________________________
>
> CONFIDENTIALITY NOTICE
>
>
> This email may contain confidential or
>
> privileged information, if you are not the intended
> recipient, or the person responsible for delivering the
> message to the intended recipient then please notify us by
> return email immediately. Should you have received this
> email in error then you should not copy this for any
> purpose nor disclose its contents to any other person.
>
> http://www.intertek.com
>
> Valued Quality. Delivered.
> ________________________________
> CONFIDENTIALITY NOTICE
>
> This email may contain confidential or

>
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> privileged information, if you are not the intended
> recipient, or the person responsible for delivering the
> message to the intended recipient then please notify us by
> return email immediately. Should you have received this
> email in error then you should not copy this for any purpose
> nor disclose its contents to any other person.
>
> http://www.intertek.com
>
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Mississauga, Ontario, ON L5N 2X7 
Canada

Many thanks,

Keith

On 2016-07-19 11:35 AM, Jenna.Whittled/ inIbrnial wrote:

19 Ju l2016

Keith Solomon,

Re: Glyphosate in the general population and in applicators: A critical review o f studies on 
exposures

Production tracking number: ITXC 1214678

Thank you for submitting your paper, which has now been received by the Taylor & Francis 
production department. As production editor I will work with you to oversee the production o f  
your article from manuscript to publication. My contact details are given at the end o f this email.

If your article contains colour figures, reproduction in colour in the online edition o f  the journal 
is free o f  charge. If it is necessary for any figures to be reproduced in colour in the printed 
journal, please let me know as a charge will apply. Charges for colour in print are £250 per 
figure for the first four figures (S395 US Dollars; S385 Australian Dollars; 315 Euros). Figures 5 
and above will be charged at £50 per figure ($80 US Dollars; $75 Australian Dollars; 63 Euros). 
If you plan to order colour reprints, please order colour now before you order reprints.

• Please print and sign the attached Author Publishing Agreement. Then return the completed 
agreement to Taylor & Francis, by uploading to CATS (see below), or post it to the address 
below.

Proofs will be ready for you to check in approximately 6 working days and we would like you to 
return your corrections within 3 days. Please let me know if  there will be any difficulty in 
meeting this schedule.

We will be sending proofs to you through our workflow system, CATS (Central Article Tracking 
System).

• The DOI o f your paper is: 10.1080/10408444.2016.1214678. Once your article has published 
online, it will be available at the following pennanent link:
hltp://d.\.doi.org/10 .1080/10408444,2016.1214678 .

• You can check the status o f  your paper online through the CATS system at: 
htlps://cats.informa.com/PTS/in •

• Your User Name is: SLMNK6
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• If you do not know your password, you may reset it here: 
htirr'/cats, in forma.com PTS. 'forgot ten Password, do

Yours sincerely,

Jenna Whittle

Taylor & Francis 
4 Park Square 
Milton Park 
Abingdon 
Oxfordshire 
0X14 4RN 
UN ITED  KINGDOM
F.maikJenna.Whittle^/ inform;

Keith R Solomon, Fellow ATS, Fellow SETAC, Prof. Emeritus (U of G) 
Centre for Toxicology, School of Environmental Sciences 
University of Guelph, 2120 Bovey Building 
Gordon Street. Guelph, ON, NIG 2W1, Canada

l@uoouelph.ca

Valued Quality Delivered. 

CONFIDENTIALITY NOTICE

Centre for Toxicology 
University of Guelph

Protecting health of 
humans and the 

environment with 
quality science

This email may contain confidential or privileged information, if  you are not the intended recipient, or the 
person responsible for delivering the message to the intended recipient then please notify us by return email 
immediately. Should you have received this email in error then you should not copy this for any purpose nor 
disclose its contents to any other person.

http //www mtertek com
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> — Original
> Message.......
> From: Roger McClellan
> [mailto:roger.o.mcclellan(S^^^p
> Sent: July-26-16 3:52 PM
> To:
> Ashley Roberts Intertek; Charles.Whalley@tandf^^|
> Cc: Roger McClellan; Mildred
> Subject: Re: Five Glyphosate Manuscripts/ Need to Negotiate with
> Charles Whalley
>
> Ashley:
> I am
> traveling so I do not have access to all my records. I thought I had
> responded. You need to cover all business aspects of relationships
> with Critical Reviews in Toxicology with the journal's Managing
> Editor, Charles Whalley. I cover the science and he covers the
> business aspects of the journal. This should be covered in the
> contract for publishing the Special Issue. Charles, please let me know
> the status of the agreement between Taylor and Francis and/ Intertek
> and or Monsanto.

> Production is moving forward rapidly.
> Best regards, Roger

> On Tue, 7/26/16, Ashley Roberts Intertek ■
> wrote:
>
> Subject: Re: Five
> Glyphosate Manuscripts
> To:"Roger

McClellan' crop,or o rnccle Ian
> Date: Tuesday, July 26, 2016, 9:29 AM

|@intertek.com>

> Hi Roger,
>
> I hope you had a good break? I
> was wondering if you have had a chance to consider my message below?
>
> I look
> forward to receiving
> your reply.
>
> Best Wishes
>
> Ashley

> Sent
> from my BlackBerry 10
> smartphone on the Bell network.
> Original Message
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Roçjei^McClellari

From:
Sent:
To:
Cc:
Subject:

Roger McClellan <roger.o.mcclellan(i 
Wednesday, August 3, 2016 3:24 PM 
Charles.Whalley@tandf^^|
Roger McClellan
Fw: RE: Five Glyphosate Manuscripts/ Need to Negotiate with Charles Whalley

Charles:
Does T and F have a signed contract with Intertek/ Monsanto for the glyphosate Supplement? 
Best regards, Roger

— On Wed, 8/3/16, Ashley Roberts Intertek @intertek.com> wrote:

> Fram A,hlpy Roberts ntertek ¡tek com>
> Subject: RE: Five Glyphosate Manuscripts/ Need to Negotiate with
> Charles Whalley
>To: "Roger McClellan" <roger.o.mcclellan@^^^B>,
> "Charles.Whalley@tandf^^^P<Charles.Whalley(S)tandf^^^
> Cc: "Mildred" <mbmorgan@hargra^^^J
> Date: Wednesday, August 3, 2016,11:18 AM Dear Roger/Charles,

> Please could you give me an
> update as to where we stand regarding the publications? I believe we
> have finalised all of the papers so are just awaiting to see the
> galley proofs. If you need me to pay for the printing of the journal
> etc, please send me the invoice as soon as you can. Regarding the
> free access to the manuscripts, please just add on what the additional
> cost for this function would be.
>
> I look forward to receiving an update as to next steps.
>
> Many Best
> Wishes
>
> Ashley

> Ashley Roberts, Ph.D.
> Senior Vice President
> Food
> & Nutrition Group
> Intertek Scientific
> & Regulatory Consultancy
> Tel: +1
> l
> Fax:

: :
> 2233 Argentia Road, Suite 201
> Mississauga, Ontario Canada L5N 2X7
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Roger McClellan

From:
Sent:
To:
Subject:

Whalley, Charles <Charles.Whalley@tand^^H>
Friday, August 5, 2016 6:02 AM 
Ashley Roberts Intertek; Roger McClellan
RE: Welcome to Taylor & Francis Production: Critical Reviews in Toxicology 1214678

Dear Ashley.
Thanks for your email. As per our prior conversations, we had initially agreed with an online-only supplement, 
as this would be cheaper. The great majority of our readers and subscribers read the journal online, where 
they benefit from, amongst other things, supplemental material. The journal is only printed once a year, at the 
end of each volume, with print copies being sent to a relatively small proportion of our subscribers. Our current 
proposal assumes that the supplement issue would not be included in that end-of-year print volume; 
subscribers would be directed to the website. My apologies if this wasn't made clear, although I appreciate it’s 
been a few months since we discussed these details.
I would, of course, be happy to include print for you, although this would be further additional cost, on top of the 
price sent to you recently to include Open Access. All that would entail would be inclusion in the print volume at 
the end of the year.
Let me know if you have any questions. I'm out of the office today and Monday but could call you on Tuesday.
Best wishes 
Charles

From: Ashley Roberts Intertek [mailtd 
Sent: 05 August 2016 12:32 
To: Whalley, Charles; Roger McClellan 
Subject: Fw: Welcome to Taylor & Francis Production: Critical Reviews in Toxicology 1214678

Dear Roger/Charles,

May be this is my misunderstanding but it was my impression that the articles were to be published in a stand 
alone paper back copy. Is this not the position?

Thanking you for your reply.

Best Wishes

Ashley

Sent from my BlackBerry 10 smartphone on the Bell network.
From: Whittle, Jenna <Jenna.Whittle(a)info rm a^ ^ J
Sent: Friday, August 5, 2016 8:15 AM
To: Keith Solomon
Cc: Ashley Roberts Intertek
Subject: RE: Welcome to Taylor 8i Francis Production: Critical Reviews in Toxicology 1214678

Dear Keith
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Many thanks for your message and apologies for the delay in responding to your request to publish Figure 3 in colour.

Color figures will be reproduced in color in your online article free of charge. Although printing figures in color incurs a 
charge, your article is assigned for publication in a supplement that we believe will be published online only and not in 
print.

Please do let me know if you have any questions.

Best wishes 

Jenna

Jenna Whittle
Production Editor. Journals 
Taylor & Francis

Taylor & Francis Group
an in tornu

4 Park Square Milton Park. Abingdon. Oxon. 0X14 4RN. UK

11 mill .......I
ww^ angtonlme com

This electronic message and an contents transmitted with ;t a'e confidential and may be privileged They are intended solely for the addressee If you are not the intended 
recipient you are hereby notified that any disocsure. distribution copying or use of this message or taking any action in reliance on the contents of it is strictly prohibited. If 
you have receded this electronic message in error please destroy it immediately, and not'fy the sender
Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954

From: Keith Solomon fmailto^^^^J(5)uoRuelph.cal
Sent: 20 July 2016 13:15
To: Whittle, Jenna
Cc: Ashley Roberts Intertek
Subject: Re: Welcome to Taylor & Francis Production: Critical Reviews in Toxicology 1214678

Jenna,

As requested, I attach the signed copyright form.

I will be fine with the proposed schedule.

1 have spoken with the supporter o f  the research and we would like Fig 3 (only) to be printed in color. The 
invoice for this should be directed to:

Dr Ashley Roberts 
Senior Vice President
Intertek Scientific & Regulatory Consultancy 
E-Mail inieriek.com
Work Address
2233 Argentia Road, Suite 201
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j t o g e r jW c C le M a n

From:
Sent:
To:
Cc:
Subject:

' f l
Friday, August 12, 2016 12:23 PM 
Jenna Whittle@informa^H 
rogei o n iccle llar^ B

I r  an net ■

Mildred; Charles.Whalley@tandf| 
Re: Trivia versus substance; CRT standing matter

Jenna,
Please provide me an example of the type set version A for Volume 46. As the T and F staff consider changes for 

Critical Reviews in Toxicology I urge them to recognize the unique nature of the Journal.
Specifically, it is important to recognize that each annual issue, exclusive of Special Supplements, consists of 10 issues 

and a target of 920 pages. As I will note later, do the front and back cover count against the 920 page target. ( I CAN 
NOT BELIEVE WE ARE WASTING TIME ON THIS KIND OF TRIVIA!!!!!!) The 10 issues in a sense become a legacy issue since 
all papers are published on-line when the final galley proofs are accepted. I am uncertain if a Table of Contents is 
created for each issue. Indeed, as I think about the matter it may be appropriate to consider creating a virtual Table of 
Contents that is 'built out' as new papers are accepted and published on line during the year.. For example, issues 1 
through 9 contain 27 papers. As issue 10 is completed the number of papers in the regular issues of Volume 46 will 
increase to 29 or 30.

The only hard copies of Critical Reviews in Toxicology are now prepared and printed at year end. This started with 
Volume 44 in 2014.1 note that Volume 44 did not have a Table of Contents. I now recall that being very inconvenient 
when I returned on several occasions to use the hard copy. Volume 45 (2015) has a Table of Contents at the front of the 
hard copy. This is convenient to use since the two pages are in consecutive order. By writing this memo I have answered 
one question. I am strongly opposed to placing the Table of Contents on the back cover (and presumably continuing it 
on the inside of the back cover) for a single annual hard copy of CRT. The approach of using the back cover for a Table of 
Contents may make sense for a multi-issue journal, it makes no sense for CRT. I question if the proposer of this 
approach is a scientific editor or author or user of journals. AS a scientist when I pick up a bound volume it is natural for 
me to go to the front to search for the Table of Contents.

As I write this e-mail I recall my anger a year ago at doing battle over a couple of pages of print in the journal. As a 
MANAGER, I have always viewed quantitative goals as targets that should be interpreted with the abundant use of 
common sense. I doubt that the financial success of T and F will turn on this issue. I urge that all of us focus on what 
makes sense.

Charles and Jenna, in the world of "bean counters" at T and F do the cover (front and back) and the back cover (front 
and back) count as part of the 920 pages assigned to CRT for 2016? If we collectively deliver less pages does some one 
get a BONUS or brownie points? What is your current production system for CRT? In printing hard copies does the press 
print 8 , 16 or 32 pages to the sheet or does the printing system work differently today? I note that the front and back 
cover are different weight paper than the rest of the Journal so they have to be printed separately.

Thanks for hearing me out.
Roger

PS I. In my opinion, the inability to focus on what is really important as opposed to trivia is a world wide phenomena We 
need to return our focus to what will improve the scientific quality of CRT and it's profitability to T and F.
PS II. I do think it is important to list the membership of the Editorial Advisory Board at the front of the hard copy for 
historical reasons. Quite frankly, it probably does not make much difference what else is printed on the inside of the 
front cover or on either side of the back cover. Whatever is printed will soon be out dated and is not likely to be a 
primary reference source, ie folks will go elsewhere to obtain current information on subscriptions, Instructions to 
authors, etc. The publication world is changing. Hard copies will probably be a thing of the past within a decade.

On Fri, 7/8/16, Whittle, Jenna <Jenna.Whittie@informa.com> wrote:
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Roger McClellan

From:
Sent:
To:
Subject:

'/.• a ¡try (.• í * t'S • C " « r  i- .  !• •. ■ \ u
Thursday, August 18, 2016 8:21 AM 
Roger McClellan 
Glyphosate editorial

Dear Roger,
There’s one more colleague I’d like to have a look at your editorial, but I wanted to raise something with you 
now. One of my colleagues has mentioned that, in the spirit of the editorial, it would be appropriate for us to 
include a Declaration of Interest statement from you. What do you think?
Best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Science Journals 
Taylor & Francis Group

Oxon, 0X14 4RN, UK

www tandfonline corn

4 Park Square, Milton Park, Abingdon. 
Direct line

Taylor & Francis is a trading name of Informa UK Limited, 
registered in England under no 1072954
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>

> From: Whalley,

> Charles

>

> Sent: 22 August 2016 15:55

> To: 'Ashley Roberts Intertek'

>

> Cc: Vasili, Temis

>

> Subject: Glyphosate supplement contract

>

>

>

>

> Dear Ashley,

>

> Please find attached a draft contract for your

> review. To summarise, this covers an Open Access online-only

> supplement in

> CRT, with 200 additional print copies of the

> supplement issue despatched in bulk to a single address

> (assuming St Louis, Missouri). (These print copies will not

> be sent to subscribers). The cost will be

> $29,339 for the supplement plus $1,306 for the

> print and delivery of the print issues, so
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> $30,645. We will issue a single invoice once the

> contract is signed.

>

> Please let me know if you have any questions

> regarding the contract. Once I hear you're happy, we

> will arrange for 2 print copies to be couriered to you for

> signature. These will

> need to be sent back to us for counter-signature, and then

> we will send one to you for your records.

>

> With that in mind, I will need to know from

> you:

> ■

> The name

> and address to send the contracts

> ■

> A contact

> number for the courier for this address

> ■

>The name

> and address for the invoice

>

> I look forward to hearing from you on the

> above.

>
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> Please be advised that I am out of the office,

> without an internet connection,

> 24th-30th Aug inclusive. I CC my

> Editorial Assistant, Temis Vasili, who will

> be able to cover for me in my absence. I don't

> anticipate my holiday to cause any delays here.

>

> Best wishes,

> Charles

>

> Charles Whalley

> -

> Managing Editor, Medicine & Health Science

> Journals

> Taylor & Francis

> Group

> 4 Park Square, Milton

> Park, Abingdon, Oxon, 0X14 4RN, UK

> Direct line:

>

> www.tandfonline.com

>
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> Taylor & Francis

> is a trading name of Informa UK Limited,

> registered in England

> under no. 1072954

>

>

>

>

>

> Valued Quality. Delivered.

>

>

>

> CONFIDENTIALITY NOTICE

>

> This email may contain

> confidential or privileged information, if you are not the

> intended recipient, or the person responsible for delivering

> the message to the intended recipient then please

> notify us by return email immediately. Should you have

> received this email in error then you should not copy this

> for any purpose nor disclose its contents to any other

> person.

>
http://www.intertek.com
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>

>

o
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Roger McClellan

From:
Sent:
To:
Ce:
Subject:

Whalley, Charles «Charles.Whalley@tand| 
Wednesday, September 14, 2016 6:33 AM 
Ashley Roberts Intertek 
Vasili, Temis; Roger McClellan 
RE: Glyphosate supplement

Dear Ashley,
Many thanks for this, which is very helpful. In advance of the final publication of these review papers, the 
authors are welcome to share their original accepted version of their manuscripts with the reporter you mention 
below, for the purposes of preparing their interview. We'd be pleased for any statement to link directly to the 
journal's website. I can send you the direct link to the articles once published, if that helps. They will, of course, 
be Open Access, so direct links will take readers straight to the full text.
Thanks also for sharing the wording of Monsanto's statement. Can I ask if we can see in advance any other 
statement, press release or promotional copy with references Taylor & Francis and/or C R T ?

Finally, you've not mentioned anything on this front, but my colleagues in Marketing are eager to know of any 
social media plans, if any exist.
Best wishes,
Charles

From: Ashley Roberts Intertek [mailto:ashley.roberts@intertek
Sent: 13 September 2016 16:03
To: Whalley, Charles
Cc: Vasili, Temis; Roger McClellan
Subject: RE: Glyphosate supplement

Dear Charles/Roger,

In addition to the previous information that I sent to you regarding the promotion of the glyphosate publications, 
Monsanto has now updated this to include the following and they want to be transparent on what they are doing and to 
keep you in the loop on these matters.

For your information, they plan to help amplify the lack of carcinogenicity potential thorough, science-based review by: 
1) helping coordinate an exclusive interview with Sir Colin Berry and a science reporter in advance of publication, 2) 
providing any inquiring media after publication with a Monsanto statement, and 3) directing interested media to the 
Critical Reviews in Toxicology website after publication. More details below.

1. The Sir Colin Berry exclusive interview will be with a science reporter from a mainstream media outlet in Europe. 
The reporter's story will be embargoed until after publication and the expert panels findings are publically available 
online. As part of this exclusive interview, we also think it would be beneficial to provide the reporter with an early 
version of the expert panel’s report so the reporter has the information needed to write a detailed article. Please let us 
know if CRT supports this approach? if this is okay, Monsanto will suggest to Sir Colin that he share the early version of 
the report with the reporter during the interview.

2. For your reference, below is the Monsanto statement they plan to share on a reactive basis if they receive media 
inquiries after publication.
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At Monsanto, we're fully confident in the safety profile of our products. Our confidence is based on rigorous internal 
safety assessments in addition to safety assessments by regulatory authorities, independent researchers and other 
experts around the world. In July 2015, Monsanto retained a scientific consultant to convene an expert panel to review 
the International Agency for Research on Cancer (IARC) monograph on glyphosate once it published. The charge to the 
experts was to take a thorough look at the data in the monograph, assess the scope of the research included or 
excluded, and publish their conclusions to allow for external review. The experts that make up the panel include medical 
doctors, cancer experts, and individuals who hold doctoral degrees and who are experts in public health. The experts 
have spent their careers as researchers at major universities and medical schools, at research institutions and as 
consultants. The panel's peer-reviewed findings recently were published in the journal Critical Reviews in Toxicology and 
are available here: [Monsanto will insert direct link here]. These findings by the panel come at an important time, after 
so much unnecessary confusion and concern has been caused by lARC's classification of glyphosate. The panel's findings 
are consistent with the conclusions of regulatory authorities around the world. In fact, since IARC classified glyphosate, 
regulatory authorities in Europe, Canada, Japan, New Zealand and Australia have publicly reaffirmed that glyphosate 
does not cause cancer. Additionally, in May 2016, the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) concluded 
that "glyphosate is unlikely to pose a carcinogenic risk to humans from exposure through the diet."

3. Lastly, after publication, Monsanto plan to proactively inform some reporters who have previously covered lARC's 
glyphosate monograph about the publication of the expert panel's findings. As such Monsanto plans to share a direct 
link to the Critical Reviews in Toxicology's website

Please let me know if this is acceptable to the journal.

Many best Wishes

Ashley

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
Tel: +1
Fax
E-mail ^^^^^^^B@intertek com

2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

From: Whalley, Charles fmailto:Charles.Whallev@tandf 
Sent: September-06-16 8:35 AM 
To: Ashley Roberts Intertek 
Cc: Vasili, Temis
Subject: RE: Glyphosate supplement contract

Dear Ashley,
Thanks for coordinating signature and return of contracts with Temis. I hope you've had a pleasant holiday.
Further to your response re promotion. I'd be grateful if Monsanto could provide:

• A draft of the press release before publication
• The names of the journalists who would receive the press release
• The names of the panellists who would be provided to these journalists for follow-up discussion
• Information on any social media promotion
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Apologies for the quizzing, but we re anticipating a lot of interest in this supplement and so I'm eager that we're 
aware of any marketing in advance.
As for our promotion, I’ll be able to confirm our plans after hearing from you on the above.
I’d be happy to discuss this with the appropriate person at Monsanto directly if that’s easier for you.
All best wishes,
Charles

From: Ashley Roberts Intertek ..................................................... lu ll I ........ .
Sent: 23 August 2016 21:28 
To: Whalley, Charles 
Cc: Vasili, Temis
Subject: RE: Glyphosate supplement contract

Dear Charles,

Regarding the contract, I will respond to you tomorrow morning my time.

On the topic of promotion, I have spoken to Monsanto and they have indicated that if you are in agreement they would 
like to promote the publications. While nothing definite has been planned they were contemplating making a press 
release to some "friendly" journalists indicating when the report will be released with the time estimation for 
publication as well as provide some names of the panelists who they could contact for follow-up discussion. Beyond this 
initial action, no further thought has gone in to this and they were wondering if the Journal does any of their own kind of 
promotion.

If you could let me know if the above is acceptable, that would be great.

Many Thanks

Ashley

Ashley Roberts, Ph.D.
Senior Vice President
Food & Nutrition Group
Intertek Scientific & Regulatory Consultancy
Tel:
Fax'
E-mail. com

2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

From: Whalley, Charles fmailto:Charles.Whallev(a)tandf 
Sent: August-23-16 10:52 AM 
To: Ashley Roberts Intertek 
Cc: Vasili, Temis
Subject: RE: Glyphosate supplement contract

Dear Ashley,
Further to the below, it occurs to me that it would helpful and much appreciated if you could let me know on 
Intertek's and Monsanto's plans for promoting the supplement, if any, both with the print copies which we will
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be producing and in any electronic or other communications/promotion. I look forward to hearing from you on 
this and the below.
Best wishes as ever,
Charles

From: Whalley, Charles 
Sent: 22 August 2016 15:55 
To: 'Ashley Roberts Intertek'
Cc: Vasili, Temis
Subject: Glyphosate supplement contract 
Dear Ashley,
Please find attached a draft contract for your review. To summarise, this covers an Open Access online-only 
supplement in C R T , with 200 additional print copies of the supplement issue despatched in bulk to a single 
address (assuming St Louis, Missouri). (These print copies will not be sent to subscribers). The cost will be 
$29,339 for the supplement plus $1,306 for the print and delivery of the print issues, so $30,645. We will issue 
a single invoice once the contract is signed.
Please let me know if you have any questions regarding the contract. Once I hear you're happy, we will 
arrange for 2 print copies to be couriered to you for signature. These will need to be sent back to us for 
counter-signature, and then we will send one to you for your records.
With that in mind, I will need to know from you:

• The name and address to send the contracts
• A contact number for the courier for this address
• The name and address for the invoice

I look forward to hearing from you on the above.
Please be advised that I am out of the office, without an internet connection, 24,h-30,h Aug inclusive. I CC my 
Editorial Assistant, Temis Vasili, who will be able to cover for me in my absence. I don’t anticipate my holiday 
to cause any delays here.
Best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Science Journals 
Taylor & Francis Group

Oxon. OX14 4RN, UK4 Park Square Milton Park Abingdon. 
Direct line
___________________I  S îa n çf co uk

www ta-d'online com

Taylor & F rancis is a trading name ot Informa UK Limited, 
registered in England under no. 1072954

Valued Quality Delivered

CONFIDENTIALITY NOTICE

This email may contain confidential or pnvileged information, if you are not the intended recipient, or the person responsible for delivenng the message 
to the intended recipient then please notify us by return email immediately Should you have received this email in error then you should not copy this for 
any purpose nor disclose its contents to any other person.
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Roger McClellan

From:
Sent:
To:
Ce:
Subject:
Attachments:

Whalley Charles ■ tanclf.co.uk>
Tuesday, August 23, 2016 2:33 AM 
Roger McClellan 
mbmorgan@hargra)^^B 
Editorial for special issue
Special Supplemental Issue on Glyphosates Document for CRT_TF edits.docx

Dear Roger,
Please find attached your editorial for the glyphosate special issue, having been reviewed here. The only 
changes I've made are to the penultimate paragraph relating to the negotiations around the supplement.
I also note that the title for the supplement is 'An Independent Review of the Carcinogenic Potential of 
Glyphosate’
Best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Science Journals 
Taylor & Francis Group

Oxon. 0X14 4RN. UK

Taylor & Francis is a trading name of Informa UK Limited, 
registered in England under no. 1072954

4 Park Square, Milton Park, Abingdon. 
Direct line: ^
Switchboard:

www tandfonline.com
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^Rocjei^M cCleM cm

From:
Sent:
To:
Cc:
Subject:
Attachments:

Roger McClellan <roger.o.mcc!ellan(g^^Bt>
Wednesday, August 31, 2016 1:37 PM
Jenna. W h ittle@ in fo rm a^ ^  C harles .W halley@ tand ^ ^ |
Roger McClellan; Mildred
Fw:Foreword for Special Glyphosates Supplement
Special Supplemental Issue on Glyphosates 8 3116 ROM.docx

Jenna and Charles:
Attached is the penultimate version of the Foreword for the Special Supplement. You will note it contains a Declaration 

of Interest. I welcome your comments on the DOI. I am uncertain if I have seen the Galleys on the two Williams etal 
papers. Can you send me the latest version. I assume they have been returned by Gary Williams. What is your current 
view of when the Supplement will be posted on line. I would prefer that it all be posted at the same time. A related 
question is how much space will be required to print the Abstracts in the hard copy issue of Volume 46.

Thanks for all your help on this special project.
Regards, Roger

— On Wed, 8/31/16, Mildred Morgan <mbmorgan@hargray^ ^ B  wrote:

> From : Mildred Morgan < m bm org an@ harg ray^ ^ J
> Subject: Special Glyphosates Supplement
> To: "Roger McClellan'1 <roger.o.m cc le lla n (B ^ ^ ^ |>
> Date: Wednesday, August 31, 2016,12:01 PM Attached.
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Jtoçjer^McCJellain

From:
Sent:
To:
Subject:

Mildred Morgan <mbmorgan@hargray 
Wednesday, August 31, 2016 5:39 AM 
Roger McClellan 
FW: CRT, sample cover

FYI. I don't know what affiliation you want to show for Vicki. Let me and Jenna know. She also asked whether you had 
any corrections.

MM

From: Whittle, Jenna [mailto:Jenna.Whittle@informa 
Sent: Wednesday, August 31, 2016 3:53 AM 
To: Mildred Morgan 
Subject: RE: CRT, sample cover

Thanks for letting me know, Mildred. Please can you tell me what her affiliation is and I'll ensure that change is made? 
Do you know if Roger had any corrections?
Many thanks and best wishes 
Jenna

Jenna Whittle 
Production Editor 
Taylor & Francis

4 Park Square, Milton Park, Abingdon, Oxon, 0X14 4RN, UK

From: Mildred Morgan 
Sent: 30 August 2016 23:26 
To: Whittle, Jenna 
Subject: RE: CRT, sample cover

Hi Jenna,

On the CRT Sample cover you sent, be sure and include Vicki DeMarco to the list of CRT Board Members. 

Mildred

From: Whittle, Jenna fmailto 
Sent: Friday, August 19, 201 
To: Roger McClellan 
Cc: Mildred; Whalley, Charles 
Subject: CRT, sample cover

(Sinforma.comi

Dear Roger, Mildred and Charles
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Please find attached a sample cover with the layout changes discussed for your review. The subscriptions information 
has been reduced and added to the inside back cover, meaning that we no longer need a separate internal subscriptions 
page.

The print issue will feature a table of contents on pages i and ii. To give an idea of what this will look like, I've attached 
the table of contents from last year's volume -  we can follow the same layout as this in the upcoming print issue.

Please do let me know if you have any feedback on this cover or, indeed, the style of the contents page and I can ask the 
typesetter to make adjustments.

Thanks and best wishes

Jenna

From: K ' .v r  i/cL le ilrin  / : -nU .:
Sent: 12 August 201619:23 
To: Whittle, Jenna
Cc: ■ f i i Mi . ' dred,  Whaf'ey, Charles
Subject: Re: Trivia versus substance: CRT standing matter

Jenna,
Please provide me an example of the type set version A for Volume 46. As the T and F staff consider changes for Critical 
Reviews in Toxicology I urge them to recognize the unique nature of the Journal.
Specifically, it is important to recognize that each annual issue, exclusive of Special Supplements, consists of 10 issues 
and a target of 920 pages. As I will note later, do the front and back cover count against the 920 page target. ( I CAN NOT 
BELIEVE WE ARE WASTING TIME ON THIS KIND OF TRIVIA!!!!!!) The 10 issues in a sense become a legacy issue since all 
papers are published on-line when the final galley proofs are accepted. I am uncertain if a Table of Contents is created 
for each issue. Indeed, as I think about the matter it may be appropriate to consider creating a virtual Table of Contents 
that is 'built out' as new papers are accepted and published on line during the year.. For example, issues 1 through 9 
contain 27 papers. As issue 10 is completed the number of papers in the regular issues of Volume 46 will increase to 29 
or 30.
The only hard copies of Critical Reviews in Toxicology are now prepared and printed at year end. This started with 
Volume 44 in 2014.1 note that Volume 44 did not have a Table of Contents. I now recall that being very inconvenient 
when I returned on several occasions to use the hard copy. Volume 45 (2015) has a Table of Contents at the front of the 
hard copy. This is convenient to use since the two pages are in consecutive order. By writing this memo I have answered 
one question. I am strongly opposed to placing the Table of Contents on the back cover (and presumably continuing it 
on the inside of the back cover) for a single annual hard copy of CRT. The approach of using the back cover for a Table of 
Contents may make sense for a multi-issue journal, it makes no sense for CRT. I question if the proposer of this 
approach is a scientific editor or author or user of journals. AS a scientist when I pick up a bound volume it is natural for 
me to go to the front to search for the Table of Contents.

As I write this e-mail I recall my anger a year ago at doing battle over a couple of pages of print in the journal. As a 
MANAGER, I have always viewed quantitative goals as targets that should be interpreted with the abundant use of 
common sense. I doubt that the financial success of T and F will turn on this issue. I urge that all of us focus on what 
makes sense.
Charles and Jenna, in the world of "bean counters" at T and F do the cover (front and back) and the back cover (front 
and back) count as part of the 920 pages assigned to CRT for 2016? If we collectively deliver less pages does some one 
get a BONUS or brownie points? What is your current production system for CRT? In printing hard copies does the press 
print 8 , 1 6  or 32 pages to the sheet or does the printing system work differently today? I note that the front and back 
cover are different weight paper than the rest of the Journal so they have to be printed separately.
Thanks for hearing me out.
Roger
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PS I. In my opinion, the inability to focus on what is really important as opposed to trivia is a world wide phenomena. We 
need to return our focus to what will improve the scientific quality of CRT and it's profitability to T and F.
PS II. I do think it is important to list the membership of the Editorial Advisory Board at the front of the hard copy for 
historical reasons. Quite frankly, it probably does not make much difference what else is printed on the inside of the 
front cover or on either side of the back cover. Whatever is printed will soon be out dated and is not likely to be a 
primary reference source, ie folks will go elsewhere to obtain current information on subscriptions, instructions to 
authors, etc. The publication world is changing. Hard copies will probably be a thing of the past within a decade.

On Fri, 7/8/16, W hittle, Jenna <Jenna Whittle(S?inform;^^ B >  wrote:

Subject: Critical Reviews in Toxicology standing matter 
To: "Roger McClellan" <roEer.o.mcclellan(S^^^B>
Cc: "Mildred" <mbmorgan(a>hargrav^J :> , "Whalley, Charles" <Charles.Whallev(aitandf| 
Date: Friday, July 8, 2016, 7:13 AM

Dear Roger and Mildred

Thank you for the phone
call yesterday. It was lovely to speak to you both. After 
our conversation, I instructed the typesetter to follow the 
new guidelines for the presentation of supplemental material 
so we should soon start to see articles 
containing a 'Supplemental material' section, 
as shown in the sample Charles sent you.

I also wanted to follow up
my message yesterday with some further information about the 
changes to journal standing matter I mentioned. These would 
be beneficial as we could potentially reduce the number of 
preliminary pages from four to
two, freeing up a couple more pages in the journal budget 
for articles. The information on the standing matter has 
also been better organised and made clearer and more concise 
for readers.

I've attached
descriptions of the two different templates and also 
explained a bit more about them below. If either of these 
appeal to you, I can ask the typesetter to create a 
journal-specific sample, which I can send to you for your 
review.

Please do
let me know if you have any questions. I look forward to 
hearing your thoughts once you've had time to consider 
the various options.

Many thanks 
and best wishes
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Jenna

Option A

The subscriptions information page is removed. 
Subscriptions information is merged with the text on the 
inside covers. The journal's aims and scope appear on 
the back cover.

We would have two preliminary pages if we were 
to adopt this option: the two table of contents 
pages.

Option B .

The table of contents appears on the outside 
back cover of the journal and is continued onto the inside 
back cover. The internal table of contents pages would 
therefore be removed.

Subscription information and typesetting and 
printing information would be added on page i of the 
journal.

We would have two preliminary pages: the 
subscriptions information page (p. i) and a blank page on 
the reverse of this (p. ii).

Jenna
Whittle
Production Editor, 
Journals 
Taylor & Francis

4 Park Square, Milton
Park, Abingdon, Oxon, 0X14 4RN, UK

ienna.whittle(5>tandfl

www.tandfonline.com
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This electronic
message and all contents transmitted with it are 
confidential and may be privileged. They are intended solely 
for the
addressee. If you are not the intended recipient, you are 
hereby notified that any disclosure, distribution, copying 
or use of this message or taking any action in reliance on 
the contents of it is strictly prohibited. If you have 
received this electronic
message in error, please destroy it immediately, and notify 
the sender.

Taylor & Francis
is a trading name of Informa UK Limited, registered in 
England under no. 1072954
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Roger McClellan

From: Whittle, Jenna <Jenna.Whittle@informa^^M
Sent: Thursday, September 1, 2016 9:48 AM
To: Roger McClellan; Whalley. Charles
Cc: Roger McClellan; Mildred
Subject: RE: Foreword for Special Glyphosates Supplement

Dear Roger
I'll respond in more detail to your queries soon, but I wanted to let you know in the meantime that I've just sent you one 
of the Williams papers (Glyphosate rodent carcinogenicity bioassay expert panel review) after receiving it from the 
typesetter. Please let me know if you haven't received it. The other Williams proof is with the typesetter for amendment 
as we only received the author's corrections earlier this week. I'll send you the revised proof as soon as it is ready.
Best wishes 
Jenna

Jenna Whittle 
Production Editor 
Taylor & Francis

4 Park Square, Milton Park, Abingdon, Oxon, 0X14 4RN, UK

From: Roger McClellan 
Sent: 31 August 2016 20:37 
To: Whittle. Jenna: Whallev, Charles 
Cc: Roger McClellan: Mildred
Subject: Fw:Foreword for Special Glyphosates Supplement

Jenna and Charles:
Attached is the penultimate version of the Foreword for the Special Supplement. You will note it contains a Declaration of Interest. I 

welcome your comments on the DOl. I am uncertain if I have seen the Galleys on the two Williams etal papers. Can you send me the 
latest version. I assume they have been returned by Gary Williams. What is your current view of when the Supplement will be posted 
on line. I would prefer that it all be posted at the same time. A related question is how much space will be required to print the 
Abstracts in the hard copy issue of Volume 46.

Thanks for all your help on this special project.
Regards, Roger

— On Wed, 8/31/16, Mildred Morgan <mbmorgan@hargra>| wrote:

> From: Mildred Morgan <mbmorgan@hargray
> Subject: Special Glyphosates Supplement
> To: "Roger McClellan" <roger.o.mcclellan(«l
> Date: Wednesday, August 31, 2016, 12:01 PM
> Attached.
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Roger McClellan

From:
Sent:
To:
Ce:
Subject:

Roger McClellan <roger.o.mcclellan(5^^^B>
Wednesday, September 7, 2016 12:48 PM 
Charles.Whalley@tandf^^^Jjenna.Whittle@informa 
Mildred; Roger McClellan
Re: Automatic reply: Proofs for Williams etal --FUNDING ?????/URGENT ATTENTION

Charles and Jenna:
As you are both aware, It is highly desirable that the five papers and my Foreword in the Glyphosate Special 

Supplemental Issue be posted on line at the earliest possible date. I note that Charles is out through September 22nd. 
Hence, it will not be possible to have a telephone conference call on September 8th to resolve the Funding entry issue.

My strong preference would be to publish the five papers and Foreword with the Declaration of Interest statements 
originally submitted. This approach is consistent with the other papers published in Volume 46. Is this approach 
acceptable to both of you and your supervisors?

Regards, Roger

On Wed, 9/7/16, Whalley, Charles <Charles.Whalley@tand f ^ ^ |> wrote:

Subject: Automatic reply: Proofs for Williams etal -FUNDING ?????/URGENT 
To: "Roger McClellan" <roger.o.m cclellan(a^^^>
Date: Wednesday, September 7, 2016,10:56 AM

#yiv5685896198 
#yiv5685896198 -

_filtered #yiv5685896198 {font-family:Calibri;panose-l:2 IS  
5 2 2 2 4 3 2 4;}
_filtered f#yiv5685896198 {font-family:Tahoma;panose-l:2 11 
64 3 5 44 2 4;}
_filtered #yiv5685896198 {font-family:Verdana;panose-l:2 11 
64 3 5 44  2 4;)
#yiv5685896198
#yiv5685896198 p.yiv5685896198MsoNormal, #yiv5685896198 li.yiv5685896198MsoNormal, ffyivS685896198 
div.yiv5685896198MsoNormal

{margin:0cm;margin-bottom:.0001pt;font-size:11.0pt;}
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Thank you for your email. I'm currently out of the office with intermittent email access, returning 22nd September.

Best wishes, 
Charles

Charles Whalley

Managing Editor, Medicine & Health Science Journals Taylor & Francis Group 
4 Park Square, Milton Park,
Abingdon, Oxon, 0X14 4RN, UK 
Direct line:^^^^^^^H

■■ H  I

Charles.whalley@tandf| 

www.tandfonline.com

Taylor & Francis is a trading 
name of Informa UK Limited, 
registered in England under no. 
1072954
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Roger M cClellan

From: Roger McClellan <roger.o.mcdellan(i|^^^B
Sent: Wednesday, September 7, 2016 3:10 PM
To: Charles.Whalley@tandf^^J JennaWhittle
Cc: Mildred; Roger McClellan
Subject: RE: Special Glyphosates Supplement--Need to resolveDOl versus DOI plus Funding

Jenna and Charles: .
As I have noted in other e-mails the issue of potentially publishing separate "Funding" entries for each paper caught me 

totally by surprise. As I noted it is not necessary since funding of the management of the advisory committees and 
preparation of these five paper is clearly described in the papers and the DOIs. Let's get that matter settled soon!!!! 
Regards, Roger

On Tue, 9/6/16, Whittle, Jenna < @informa.com> wrote:

Subject: RE: FwiForeword for Special Glyphosates Supplement
To: "Roge- McClellan" <roger.o.mcclellan@^^^|>, "Whalley, Charles" <Charles.Whalley@tandf 
Cc: "Mildred" <mbmorgan@hargray^^|
Date: Tuesday, September 6, 2016, 2:12 AM

Dear Roger

I understand from Charles that
this is the final version of the foreword, so I will send it off for copyediting and typesetting. You'll be sent the proofs for 
review/any corrections as soon as they're ready.

I’ve just
received the corrected Williams proof from the typesetter so I will send it to you and the author shortly. Once the 

foreword is at revised proof stage, I can compile the issue.
It should be fine to publish all the papers online at the same time. I can send you and Ashley the issue proofs for 

approval before we go to press.

We can probably expect each abstract to take up approximately half a page so we should allow around 3 pages for the 
supplement abstracts in the printed volume.

Please do let me know if you 
have any further questions.

Best wishes

Jenna

— Original Message—
From Roger McClellan [m ailto :roger o .m cd e lla n (3 ^ ^ ^ p

Sent: 31 August 2016 20:37
To: Whittle, Jenna; Whalley, Charles
Cc: Roger McClellan; Mildred
Subject: Fw:Foreword for Special Glyphosates Supplement
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Jenna and 
Charles:

Attached is the
penultimate version of the Foreword for the Special Supplement. You will note it contains a Declaration of Interest. I 

welcome your comments on the DOI. I am uncertain if I have seen the Galleys on the two Williams etal papers.
Can you send me the latest version. I assume they have been returned by Gary Williams. What is your current view of 

when the Supplement will be posted on line. I would prefer that it all be posted at the same time. A related question is 
how much space will be required to print the Abstracts in the hard copy issue of Volume 46.

Thanks for all your help on this 
special project.

Regards, Roger

— On Wed, 8/31/16, Mildred 
Morgan <mbmorgan(2>hargray 
wrote:

> From: Mildred
Morgan <mbmorgan@hargray^H>
> Subject: Special Glyphosates Supplement > To: "Roger McClellan" <roger.o.mcclellan(a>^ ^ J > > Date: Wednesday, 

August 31, 2016,12:01 PM Attached.
>
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JtocjeHMcCieMari

From:
Sent:
To:
Cc:
Subject:
Attachments:

Whalley, Charles <Charles.Whalley@tand' 
Friday, September 9, 2016 3:28 AM 
Roger McClellan 
Vasili, Temis 
Previous highly cited glyphosate toxicity papers 
Glyphosate toxicity.docx

Dear Roger,

A month or so ago you asked if we could do some research on the citations to previously published articles on 
glyphosate. I attach the details that Temis has put together on this. It seems most of the highly cited articles on 
environmental/aquatic toxicity, and that there has been a steady increase in publications on this topic, peaking 
a few years ago.

Let me know if you’ve any questions.
Best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Journals 
Taylor & Francis Group

Oxon. 0X14 4RN, UK

www tandfonlme com

4 Park Square, Milton Park. Abingdon, 
Direct line:

Taylor & Francis is a trading name of Informa UK Limited, 
registered in England under no. 1072954
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Rocjer^McClelkm

From:
Sent:
To:
Cc:
Subject:

Wballey, Charles < Charles. WhalleyGPtand: 
Monday, September 12, 2016 5:24 PM 
Roger McClellan; Whittle, Jenna 
Mildred B, Morgan 
RE: Funding Entry

Dear Roger,
Thanks for this. Jenna is going to check in with her manager and the typesetter on this, but we should be able 
to take that section out from the template for CRT. It's popped in at a bad time, as we're so close to finishing 
this supplement, but won't be difficult to resolve. Our policy on Declarations of Interest hasn't changed.
I’d be happy to discuss this over the phone once I'm back As you've seen, I'm travelling until Thursday 22"°, at 
a clinical toxicology meeting in Boston, but will see emails.
Best wishes as ever,
Charles

From: Roger McClellan [mailto:roger.o.mcclellan(g^^^|
Sent: 08 September 2016 00:29 
To: Whittle, Jenna
Cc: Whalley, Charles; Roger McClellan; Mildred B. Morgan 
Subject: Funding Entry

Charles and J e n n a :

Jenna, I appreciate being given some background on the use of a "Funding” entry on papers 
published by T&F. This is the first time I have heard anything about the use of a “Funding" 
entry. Thus, I was surprised when it first showed up in galleys.

Perhaps you can provide me some additional details about this entry. I am confident that many 
authors publishing in CRT will be confused since funding sources have routinely been included in the 
mandatory Declaration of Interest (DOI) statements that CRT has been using for several years.

As you know, CRT has been a leader in championing a mandatory DOI. The DOI was created since 
it was apparent that the usual statements about “Conflicts of Interest" were not adequate. It is my 
personal opinion that statements such as "The authors have no conflict of interest to declare” are 
virtually useless. That is the case since conflicts of interest are in the eye of the beholder, not the 
declarer.

As you are aware, the typical DOI for a CRT review paper covers funding. However, the typical DOI 
includes substantially more information that allows a reader to form an opinion as to potential conflicts 
of interest. In short, statements about funding are a useful step in the right direction but are not 
adequate for CRT.

In my opinion, the issue of funding for a paper reporting original research findings is very different 
than for review papers such as those published in CRT. I suspect the T&F procedures on creating 
the “Funding” entry are oriented primarily to papers reporting original research findings. Perhaps you

RM 000394

mailto:roger.o.mcclellan@att.net


can share with me the internal T&F procedures used to create “Funding” entries. From the several 
funding entries I have read, it appears T&F uses information provided by authors and some 
independent data bases. What are these data bases?

As you know, the funding of preparation of review papers can be very complex along with their 
authorship. Some authors are from academic institutions while other authors are employed by 
industrial firms, government agencies or consulting firms. Many papers have authors from all of the 
above sectors. Preparation of reviews may be self-funded by the author’s employer or sponsorship 
by government or private sector grants or contracts. In some cases a consulting firm or trade 
association may be involved. I suggest that the T&F personnel involved in creating “Funding" entries 
review the DOIs for all of the papers published in CRT in 2016. This will give them an appreciation of 
the complexity of these matters. In particular, it will become apparent from this review that “funding” 
must be considered in the context of other elements of a DOI.

For now, I suggest that CRT continues to use DOIs of the kind used in 2016. In addition, I would 
welcome in the future, T&F personnel reviewing prospective DOIs to verify that funding has been 
adequately addressed within the DOI. This approach may help us improve the DOIs in CRT review 
papers and avoid the confusion of introducing a separate “Funding" entry for each paper.

I look forward to your feedback on this important issue.

Best Regards,

Roger
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Roger McClellan

From: Wha lle y , Charles <Charles.Wballey@tar>df
Sent: Monday, September 12, 2016 5:26 PM
To: Roger McClellan; Whittle, Jenna
Cc: Mildred
Subject: RE: Publication Options for your Article

Dear Roger,
Thanks for this. It is indeed an automated email. We will make the article free-to-view at no cost.
Best wishes,
Charles

From: Roger McClellan [maHto:roger.o.mcclellan(g^ ^ ^ J
Sent: 09 September 2016 16:19
To: Whittle, Jenna; Whalley, Charles
Cc: Mildred; Roger McClellan
Subject: Re: Publication Options for your Article

Jenna ancharles: •
I recognize this is a form letter. Please coordinate the handling o f  details related to publishing this Foreword to 
the Special Glyphosate Issue. 1 assume any costs are covered within the agreement between T and F and 
Intertek or as an internal T and F cost.
Regards, Roger

On Fri, 9/9/16, Jenna. Whin left/'informa catsfc7ilavlorandfrancis.com> wrote:

Subject: Publication Options for your Article
To: roacr.o.mcclellnnft/^ ^ J
Date: Friday, September 9, 2016, 2:33 AM

Roger McClellan

roaer.o. mcclellanftftatt.net

06 Sep 2016

Your article listed below is currently in production 
with Taylor & Francis.
Journal: ITXC, Critical Reviews in Toxicology 
Manuscript ID: 1234117
Manuscript Title: Evaluating the Potential Carcinogenic 
Hazard o f Glyphosate 
By: McClellan
We are delighted that you have chosen to publish your
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paper in Critical Reviews in Toxicology. This email 
is to inform you o f the publication options available to
you.
Standard publication route
Your paper will be published in the journal, and made 
available online permanently for subscribers and licensed 
institutions throughout the world, including provision o f  
online access through developing world initiatives. You will 
also receive a link via email that you can send on to 50 
colleagues who can download the paper free o f  charge. After 
the appropriate publisher embargo period, you may deposit 
the Accepted Manuscript into an institutional or subject 
repository (Green Open Access). (See
http: ■■•ioumalauthors.tandr.eo.uk/publication/rapidonlinepublieatipn.asr> 
for further information.) If we do not hear from you, your 
article will be published on this basis.
Gold Open Access publication 
You have the option to pay a charge to make the final 
version o f your article freely available online at the point 
o f publication, permanently, for anyone to read (Gold Open 
Access). This requires payment o f  an article publishing 
charge (APC). Please note that this option is strictly your 
choice, and is not required for publication in the journal.
It is not available for research articles o f  less than two 
printed pages in length.
If you would like to publish your article via the Gold 
Open Access route please read the notes below:
• You will retain the rights in your article but will
be asked to sign an appropriate article publishing agreement 
to enable us to publish the article.
• If you are affiliated with an institution that has a 
prepayment or Open Access partner scheme membership (see 
hup: www,iandfonline.com/paee/openaceess/funders for 
further information), please email apcftMandf.co.uk. 
providing your full name, article title, journal title and 
details of any funding.
• Find out more information on Open Access licence 
options and APCs by journal here:
http: ■'■'ioumalamhors.tandf.co.uk/permissions/Green-OA-AAM-embargo-pcriods.xlsx
• Otherwise, please contact apcftMandf.co.uk to arrange 
payment o f the article publishing charge.
If you have questions about Open Access please contact
openaccessftMandf.co.uk or visit httn:7ioumalauthors. tandf.co.uk. preparation.Open Access, asp 
for further information.
Yours sincerely,
Jenna Whittle 
Taylor & Francis 
4 Park Square 
Milton Park 
Abingdon 
Oxfordshire
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R̂oçjeMVIcClellan

From: Roger McClellan <roger.o.mcclellan@|
Sent: Tuesday, September 13, 2016 9:12 AM
To: Charles.Whalley@tandf^^
Cc: Roger McClellan; Mildred
Subject: Fw: RE: Glyphosate supplement

Charles:
Are you available to discuss by telephone later today. Are you in the USA today? Do you have the tel # for Vasili? What 

is his position at T and F?
Regards, Roger

- On Tue, 9/13/16, Ashley Roberts Intertek <ashley.roberts@intertek wrote:

> From: Ashley Roberts Intertek <ashley.ro b erts@ in te rtek^ ^ B
> Subject: RE: Glyphosate supplement
> To: "Whalley, Charles" <Charles.Whalley@tandf^^^
> Cc: "Vasili, Temis" <Temis.Vasili@informa^^M"Roger McClellan"
> <roger.o.mcclellan(5^^Jt>
> Date: Tuesday, September 13, 2016,8:03 AM
>
>

>
>
>
>
>
> Dear Charles/Roger,
>
> In addition to the previous
> information that I sent to you regarding the promotion of the
> glyphosate publications, Monsanto has now updated this to include the
> following and they want to be transparent on what they are doing and
> to keep you in the loop on these matters.
>
> For ypur information, they plan to
> help amplify the lack of carcinogenicity potential thorough,
> science-based review by: 1) helping coordinate an exclusive interview
> with Sir Colin Berry and a science reporter in advance of
> publication, 2) providing any inquiring media after publication with a
> Monsanto statement, and 3) directing interested media to the Critical
> Reviews in Toxicology website after publication. More details below.
>
>
> 1.
> The Sir Colin Berry exclusive interview will be with a science
> reporter from a mainstream media outlet in Europe.
> The reporter's story will be embargoed until after publication and the
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> expert panels findings are publically available online. As part of
> this exclusive interview, we also think it would be beneficial to
> provide the reporter with an early version of the expert panel's
> report so the reporter has the information needed to write a detailed
> article.
> Please let us know if CRT supports this approach? if this is okay,
> Monsanto will suggest to Sir Colin that he share the early version of
> the report with the reporter during the interview.
>
>
> 2 .
> For your reference, below is the Monsanto statement they plan to share
> on a reactive basis if they receive media inquiries after publication.
>
> At Monsanto, we're fully
> confident in the safety profile of our products. Our confidence is
> based on rigorous internal safety assessments in addition to safety
> assessments by regulatory authorities, independent researchers and
> other experts around the world. In July 2015, Monsanto retained a
> scientific consultant to convene an expert panel to review the
> International Agency for Research on Cancer (IARC) monograph on
> glyphosate once it published. The charge to the experts was to take a
> thorough look at the data in the monograph, assess the scope of the
> research included or excluded, and publish their conclusions to allow
> for external review. The experts that make up the panel include
> medical doctors, cancer experts, and individuals who hold doctoral
> degrees and who are experts in public health. The experts have spent
> their careers as researchers at major universities and medical
> schools, at research institutions and as consultants. The panel's
> peer-reviewed findings recently were published in the journal
> Critical Reviews in Toxicology and are available here: [Monsanto will
> insert direct link here]. These findings by the panel come at an
> important time, after so much unnecessary confusion and concern has
> been caused by /ARC'S classification of glyphosate. The panel's
> findings are consistent with the conclusions of regulatory authorities
> around the world. In fact, since IARC classified glyphosate,
> regulatory authorities in Europe, Canada, Japan, New Zealand and
> Australia have publicly reaffirmed that glyphosate does not cause
> cancer. Additionally, in May 2016, the Joint FAO/WHO Meeting on
> Pesticide Residues (JMPR) concluded that "glyphosate is unlikely to
> pose a carcinogenic risk to humans from exposure through the diet."
>
> 3 .
> Lastly, after publication, Monsanto plan to proactively inform some
> reporters who have previously covered lARC’s glyphosate monograph
> about the publication of the expert panel's findings. As such Monsanto
> plans to share a direct link to the Critical Reviews in Toxicology’s
> website.
>
> Please let me know if this is
> acceptable to the journal.
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> Many best Wishes
>
> Ashley

> Ashley Roberts,
> Ph.D.
>
> Senior Vice President
>
> Food & Nutrition Group
>
> Intertek Scientific
> & Regulatory Consultancy
>
>Tel: +1

>
>
> Fax: + l|
>
> E-mail: ashley.robertsgpintertel^^P
>
> 2233 Argentia Road,
> Suite 201
>
> Mississauga, Ontario Canada L5N 2X7
>
>
>
>
> From: Whalley,
> Charles [mailto:Charles.Whalley@tandfl
>
> Sent: September-06-16 8:35 AM
>
> To: Ashley Roberts Intertek
>
> Cc: Vasili, Temis
>
> Subject: RE: Glyphosate supplement
> contract

>
>
> Dear Ashley,
>
> Thanks for coordinating signature and
> return of contracts with Temis. I hope you've had a pleasant holiday.
>
> Further to your response re
> promotion, I'd be grateful if Monsanto could
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> provide:
> •
> A draft of the press release before
> publication
> •
> The names of the journalists who
> would receive the press release
> ■
> The names of the panellists who would
> be provided to these journalists for follow-up discussion •
> Information on any social media promotion
>
> Apologies for the quizzing, but
> we're anticipating a lot of interest in this supplement and so I'm
> eager that we're aware of any marketing in advance.
>
> As for our promotion. I'll be
> able to confirm our plans after hearing from you on the above.
>
> I'd be happy to discuss this
> with the appropriate person at Monsanto directly if that's easier for 
>you.
>
> All best wishes,
> Charles
>
>
>

> From: Ashley
> Roberts Intertek [mailto:ashley.roberts@intertekl
>
>
> Sent: 23 August 2016 21:28
>
> To: Whalley, Charles
>
> Cc: Vasili, Temis
>
> Subject: RE: Glyphosate supplement
> contract
>

>
>
> Dear Charles,
>
> Regarding the contract, I will
> respond to you tomorrow morning my time.
>
> On the topic of promotion, I have
> spoken to Monsanto and they have indicated that if you are in

2 5 4

RM 000402

mailto:ashley.roberts@intertek.com


> agreement they would like to promote the publications. While nothing
> definite has been planned they were contemplating making a press
> release to some "friendly"
> journalists indicating when the report will be released with the time
> estimation for publication as well as provide some names of the
> panelists who they could contact for follow-up discussion. Beyond
> this initial action, no further thought has gone in to this and they
> were wondering if the Journal does any of their own kind of promotion.
>
> If you could let me know if the above
> is acceptable, that would be great.
>
> Many Thanks
>
> Ashley
>
>
> Ashley Roberts,
> Ph.D.
>
> Senior Vice President
>
> Food & Nutrition Group
>
> Intertek Scientific
> & Regulatory Consultancy

> Tel: +1

>
> 2233 Argentia Road,
> Suite 201
>
> Mississauga, Ontario Canada L5N 2X7
>
>
>
>
>
>

From: Whalley,
Charles (mailto:Charles.Whalley@tandf

>

> Sent: August-23-16 10:52 AM
>
> To: Ashley Roberts Intertek
>
> Cc: Vasili, Ternis
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>
> Subject: RE: Glyphosate supplement
> contract
>
>
>
> Dear Ashley,
>
> Further to the below, it occurs to me
> that it would helpful and much appreciated if you could let me know on
> Intertek's and Monsanto's plans for promoting the supplement, if any,
> both with the print copies which we will be producing and in any
> electronic or other communications/promotion. I look forward to
> hearing from you on this and the below.
>
> Best wishes as ever,
> Charles
>
>
>
> From: Whalley,
> Charles
>
> Sent: 22 August 2016 15:55
>
> To: 'Ashley Roberts Intertek'
>
> Cc: Vasili, Temis
>
> Subject: Glyphosate supplement contract
>
>
>
>
> Dear Ashley,
>
> Please find attached a draft contract for your review. To summarise,
> this covers an Open Access online-only supplement in CRT, with 200
> additional print copies of the supplement issue despatched in bulk to
> a single address (assuming St Louis, Missouri). (These print copies
> will not be sent to subscribers). The cost will be
> $29,339 for the supplement plus $1,306 for the print and delivery of
> the print issues, so $30,645. We will issue a single invoice once the
> contract is signed.
>
> Please let me know if you have any questions regarding the contract.
> Once I hear you're happy, we will arrange for 2 print copies to be
> couriered to you for signature. These will need to be sent back to us
> for counter-signature, and then we will send one to you for your
> records.
>
> With that in mind, I will need to know from
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> you:
>
> •
> The name
> and address to send the contracts
> •
> A contact
> number for the courier for this address • The name and address for the
> invoice
>
> I look forward to hearing from you on the above.
>
> Please be advised that I am out of the office, without an internet
> connection, 24th-30th Aug inclusive. I CC my Editorial Assistant,
> Temis Vasili, who will be able to cover for me in my absence. I don't
> anticipate my holiday to cause any delays here.

> Best wishes,
> Charles
>
> Charles Whalley
> -
> Managing Editor, Medicine & Health Science Journals Taylor & Francis
> Group
> 4 Park Square, Milton
> Park, Abingdon, Oxon, 0X14 4RN, UK
> Direct line:

> Switchboard:
>
> Charles.w h a lle y @ ta n d ^ ^ J
>
> www.tandfonline.com
>
>
> Taylor & Francis
> is a trading name of Informa UK Limited, registered in England under
> no. 1072954
>
>
>
>
>
> Valued Quality. Delivered.
>
>
>
> CONFIDENTIALITY NOTICE
>
> This email may contain
> confidential or privileged information, if you are not the intended
> recipient, or the person responsible for delivering the message to the
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> intended recipient then please notify us by return email immediately.
> Should you have received this email in error then you should not copy
> this for any purpose nor disclose its contents to any other person.
> http://www.intertek.com
>
>
>
>
>
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Roger McClellan

From: Whalley, Charles <Charles.Whalley@tand
Sent: Tuesday, September 13, 2016 9:29 AM
To: Roger McClellan
Cc: Mildred
Subject: RE: RE: Glyphosate supplement

Dear Roger,
I'm currently in Boston, and will be heading off to set up my booth for the conference in a moment. T&F does 
not provide me with a mobile phone, so we'll have to continue by email until I return to the office on 22nd Sept. 
Did you have any concerns with Monsanto's Marketing plans, or just questions about timelines?
For your reference. Temis' number for her desk is (Vasili is her surname; our email
addresses show as 'surname, first name .) She is an Editorial Assistant, and helps me in the management and 
administration of all of my journals, as well as supporting some other members of my team. Editorial Assistant 
is the entry-level role in our department, although Temis is more experienced than most, having previously 
worked at another publisher and with a background in neuroscience.
Best wishes as ever,
Charles

From: Roger McClellan [mailto:roger.o.mcdellan(a^^J]
Sent: 13 September 2016 16:12
To: Whalley, Charles
Cc: Roger McClellan; Mildred
Subject: Fw: RE: Glyphosate supplement

Charles:
Are you available to discuss by telephone later today. Are you in the USA today? Do you have the tel # for 
Vasili? What is his position at T and F?
Regards, Roger

— On Tue, 9/13/16, Ashley Roberts Intcrtek iniertek.com> wrote:

> From: Ashley Roberts Intertek <ashlev.rohcrts:</ intertek.com>
> Subject: RE: Glyphosate supplement
> To: "Whalley, Charle£j<Charles. Whalley u land!
> Cc: "Vasili, Temis" in forma. com>. "Roger McClellan" <roaer.o.meclellan(«^ ^ ^ J
> Date: Tuesday, September 13, 2016, 8:03 AM
>
>
>
>
>
>
>
>
> Dear Charles/Roger,
>
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> In addition to the previous
> information that I sent to you regarding the promotion o f
> the glyphosate publications, Monsanto has now updated this
> to include the following and they want to be transparent on
> what
> they are doing and to keep you in the loop on these
> matters.
>
> For your information, they plan to
> help amplify the lack o f carcinogenicity potential thorough,
> science-based review by: 1) helping coordinate an exclusive
> interview with Sir Colin Berry and a science reporter
> in advance o f  publication, 2) providing any inquiring media
> after publication with a Monsanto statement, and 3)
> directing interested media to the Critical Reviews in
> Toxicology website after publication. More details below.
>
>
> 1.
> The Sir Colin Berry exclusive interview will be with a
> science reporter from a mainstream media outlet in Europe.
> The reporter’s story will be embargoed until after
> publication and the expert panels
> findings are publically available online. As part o f  this
> exclusive interview, we also think it would be beneficial to
> provide the reporter with an early version o f  the expert
> panel’s report so the reporter has the information
> needed to write a detailed article.
> Please let us know if CRT supports this approach? if  this
> is okay, Monsanto will suggest to Sir Colin that he share
> the early version o f the report with the reporter during the
> interview.
>
>
> 2 .
> For your reference, below is the Monsanto statement they
> plan to share on a reactive basis if  they receive media
> inquiries after publication.
>
> At Monsanto, w e’re fully
> confident in the safety profile o f  our products. Our
> confidence is based on rigorous internal safety assessments
> in addition to safety assessments by regulatory authorities,
> independent
> researchers and other experts around the world. In July 
> 2015 , Monsanto retained a scientific consultant to convene
> an expert panel to review the International Agency for
>  Research on Cancer (1ARC) monograph on glyphosate once it
> published. The charge to the
> experts was to take a thorough look at the data in the
> monograph, assess the scope o f the research included or
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> excluded, and publish their conclusions to allow for
> external review. The experts that make up the panel include
> medical doctors, cancer experts,
> and individuals who hold doctoral degrees and who are
> experts in public health. The experts have spent their
> careers as researchers at major universities and medical
> schools, at research institutions and as consultants. The
> panel’s peer-reviewed findings recently
> were published in the journal Critical Reviews in
> Toxicology and are available here: [Monsanto will insert
> direct link here]. These findings by the panel come at an
> important time, after so much unnecessary confusion and
> concern has been caused by IARC’s classification
> o f glyphosate. The panel’s findings are consistent
> with the conclusions o f regulatory authorities around the
> world. In fact, since IARC classified glyphosate, regulatory
> authorities in Europe, Canada, Japan, New Zealand and
> Australia have publicly reaffirmed
> that glyphosate does not cause cancer. Additionally, in May
> 2016, the Joint FAO/WHO Meeting on Pesticide Residues (JMPR)
> concluded that “glyphosate is unlikely to pose a
> carcinogenic risk to humans from exposure through the
> diet.”
>
> 3 .
> Lastly, after publication, Monsanto plan to proactively
> inform some reporters who have previously covered
> IARC’s glyphosate monograph about the publication o f
> the expert panel’s findings. As such Monsanto
> plans to share a direct link to the Critical Reviews in
> Toxicology’s website.
>
> Please let me know if this is
> acceptable to the journal.
>
> Many best Wishes
>
> Ashley
>
>
> Ashley Roberts,
> Ph.D.
>
> Senior Vice President
>
> Food & Nutrition Group
>
> Intertek Scientific
> & Regulatory Consultancy
>
> Tel: +1
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> _____________
> Fax: +1
> ______________

I : : i . i i
>
> 2233 Argentia Road,
> Suite 201
>
> Mississauga, Ontario Canada L5N 2X7
>
>
>
>
> From: Whalley,
> Charles l mailto:Charlcs.VV'hallcvf</ landtl
>
> Sent: September-06-16 8:35 AM
>
> To: Ashley Roberts Intertek
>
> Cc: Vasili, Temis
>
> Subject: RE: Glyphosate supplement
> contract
>
>
>
> Dear Ashley,
>

>

> Thanks for coordinating signature and
> return o f contracts with Temis. I hope you’ve had a
> pleasant holiday.
>
> Further to your response re
> promotion. I’d be grateful if Monsanto could
> provide:
> ■
> A draft o f  the press release before
> publication
> •
> The names o f  the journalists who
> would receive the press release
> ■
> The names o f  the panellists who would
> be provided to these journalists for follow-up
> discussion
> •
> Information on any social media
> promotion
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> Apologies for the quizzing, but
> we’re anticipating a lot o f  interest in this
> supplement and so I’m eager that we’re aware o f
> any marketing in advance.
>
> As for our promotion, I’ll be
> able to confirm our plans after hearing from you on the
> above.
>
> I’d be happy to discuss this
> with the appropriate person at Monsanto directly if
> that’s easier for you.
>
> All best wishes,
> Charles
>
>
>
>
> From: Ashley

Roberts Inter:el. •
>
>
> Sent: 23 August 2016 21:28
>
> To: Whalley, Charles
>
> Cc: Vasili, Temis
>
> Subject: RE: Giyphosate supplement
> contract
>
>
>
>
> Dear Charles,
>
> Regarding the contract, I will
> respond to you tomorrow morning my time.
>
> On the topic o f  promotion, 1 have
> spoken to Monsanto and they have indicated that if  you are
> in agreement they would like to promote the
> publications. While nothing definite has been planned
> they were contemplating
> making a press release to some “friendly”
> journalists indicating when the report will be released with
> the time estimation for publication as well as provide some
> names o f the panelists who they could contact for follow-up
> discussion. Beyond this initial

>
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> action, no further thought has gone in to this and they
> were wondering if the Journal does any o f their own kind of
> promotion.
>
> If you could let me know if the above
> is acceptable, that would be great.
>
> Many Thanks
>
> Ashley
>
>
> Ashley Roberts,
> Ph.D.
>
> Senior Vice President
>
> Food & Nutrition Group
>
> Intertek Scientific
> & Regulatory Consultancy
>
> Tel: +1

>
> 2233 Argentia Road,
> Suite 201
>
> Mississauga, Ontario Canada L5N 2X7
>
>
>
>
> From: Whalley,
> Charles fmailto:Charles.WhallevT/ land!
>
>
> Sent: August-23-16 10:52 AM
>
> To: Ashley Roberts Intertek
>
> Cc: Vasili, Temis
>
> Subject: RE: Glyphosate supplement
> contract
>
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>
>
> Dear Ashley,
>
> Further to the below, it occurs to me
> that it would helpful and much appreciated if  you could let
> me know on Intertek’s and Monsanto’s plans for
> promoting the supplement,
> if  any, both with the print copies which we will be
> producing and in any electronic or other
> communications/promotion. I look forward to hearing from you
> on this and the below.
>
> Best wishes as ever,
> Charles
>
>
>
> From: Whalley,
> Charles
>
> Sent: 22 August 2016 15:55
>
> To: 'Ashley Roberts Intertek'
>
> Cc: Vasili, Temis
>
> Subject: Glyphosate supplement contract
>
>
>
>
> Dear Ashley,
>
> Please find attached a draft contract for your
> review. To summarise, this covers an Open Access online-only
> supplement in
> CRT, with 200 additional print copies o f  the
> supplement issue despatched in bulk to a single address
> (assuming St Louis, Missouri). (These print copies will not
> be sent to subscribers). The cost will be
> S29,339 for the supplement plus S 1,306 for the
> print and delivery o f  the print issues, so
> $30,645. We will issue a single invoice once the
> contract is signed.
>
> Please let me know if you have any questions
> regarding the contract. Once 1 hear you’re happy, we
> will arrange for 2 print copies to be couriered to you for
> signature. These will
> need to be sent back to us for counter-signature, and then
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> we will send one to you for your records.
>
> With that in mind, 1 will need to know from
> you:
>
> ■
> The name
> and address to send the contracts
> •
> A contact
> number for the courier for this address
> •
> The name
> and address for the invoice
>
> 1 look forward to hearing from you on the
> above.
>
> Please be advised that I am out o f  the office,
> w'ithout an internet connection,
> 24th-30th Aug inclusive. I CC my
> Editorial Assistant, Temis Vasili, who will
> be able to cover for me in my absence. I don’t
> anticipate my holiday to cause any delays here.
>
> Best wishes,
> Charles
>
> Charles Whatley
> -
> Managing Editor, Medicine & Health Science
> Journals
> Taylor & Francis
> Group
> 4 Park Square, Milton
> Park, Abingdon, Oxon, 0X14 4RN, UK
> Direct line:
>
> Switchboard:
>
> Charles.whallevfaTandj
>
> wwvv.tandfonline.com
>

> Taylor & Francis
> is a trading name o f  Infonna UK Limited,
> registered in England
> under no. 1072954
>
>
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>
>
>
> Valued Quality. Delivered.
>
>
>
> CONFIDENTIALITY NOTICE
>
> This email may contain
> confidential or privileged information, if  you are not the
> intended recipient, or the person responsible for delivering
> the message to the intended recipient then please
> notify us by return email immediately. Should you have
> received this email in error then you should not copy this
> for any purpose nor disclose its contents to any other
> person.
> http: ' \\\\\v .intertek.com
>
>
>
>
>
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^ogeHWcCleMart

From: Roger McClellan <roger.o.mcdellan(S^H
Sent: Tuesday, September 13, 2016 9:50 AM
To: Charles.Whalley@tand^^^
Cc: mbmorgan@hargra>^^proger.o.mcclell;
Subject: RE: RE: Glyphosate supplement/ Followup

Charles:

I  : e " i d  W 1 tt t - ,® ip ;o rm d

I have no problems with the Monsanto Proposal. My concern is with removal of the special entry for Funding and the 
inter-related issue of schedule.. I want this Special Supplement Issue to be identical in format to earlier regular issues in 
Vol 4 6 .1 see no need to change horses in mid stream since the DOI of the accepted papers covered funding.

Later we can discuss why the T and F folks got a "bee in their bonnet" over funding, especially since CRT had been a 
leader on the disclosure issue.

Roger

On Tue, 9/13/16, Whalley, Charles «Charles.Whalley(®tandf l > w r o t e :

Subject: RE: RE: Glyphosate supplement
To: "Roger McClellan" <roger.o.mcclellan(g^^^J>
Cc: "Mildred" <mbmorgan@hargray^J>
Date: Tuesday, September 13, 2016, 8:29 AM
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I'm currently in Boston, and
will be heading off to set up my booth for the conference in a moment. T&F does not provide me with a mobile phone, 
so we'll have
to continue by email until I return to the office on 22nd Sept. Did you have any concerns with Monsanto's Marketing 

plans, or just questions about timelines?

For your reference, Temis'
number 'or her desk is ¡Vasili is her surnam e; our email addresses show as 'surnam e, f rst
name'.) She is an Editorial
Assistant, and helps me in the management and administration of all of my journals, as well as supporting some other 

members of my team. Editorial Assistant is the entry-level role in our department, although Temis is more experienced 
than most, having previously
worked at another publisher and with a background in neuroscience.

Best wishes as ever,
Charles

From: Roger McClellan 
[mailto:roger.o.mcclellan

Sent: 13 September 2016 16:12

To: Whalley, Charles

Cc: Roger McClellan; Mildred

Subject: Fw: RE: Glyphosate supplement

Charles:

Are you available to discuss by telephone later today. Are you in the USA today? Do you have the tel # for Vasili? What 
is his position at T and F?

Regards, Roger

— On Tue, 9/13/16, Ashley Roberts Intertek <ashley.roberts@intertei^^|> 
wrote:

> From: Ashley Roberts Intertek <ashley.roberts@intertek

> Subject: RE: Glyphosate supplement

> To: "Whalley, Charles" <Charles.Whalley@tandf >
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> Ce 'Vasili, Ternis" <Temis.Vasili@informa "Roger McClellan" croger.o.mcclellar

> Date: Tuesday, September 13, 2016, 8:03 AM

>

>

>

>

>

>

>

>

> Dear Charles/Roger,

>

> In addition to the previous

> information that I sent to you regarding the promotion of

> the glyphosate publications, Monsanto has now updated this

> to include the following and they want to be transparent on

> what

> they are doing and to keep you in the loop on these

> matters.

>

> For your information, they plan to

> help amplify the lack of carcinogenicity potential thorough,

> science-based review by: 1) helping coordinate an exclusive

> interview with Sir Colin Berry and a science reporter

> in advance of publication, 2) providing any inquiring media

> after publication with a Monsanto statement, and 3)
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> directing interested media to the Critical Reviews in

> Toxicology website after publication. More details below.

>

>

> 1.

> The Sir Colin Berry exclusive interview will be with a

> science reporter from a mainstream media outlet in Europe

> The reporter's story will be embargoed until after

> publication and the expert panels

> findings are publically available online. As part of this

> exclusive interview, we also think it would be beneficial to

> provide the reporter with an early version of the expert

> panel's report so the reporter has the information

> needed to write a detailed article.

> Please let us know if CRT supports this approach? if this

> is okay, Monsanto will suggest to Sir Colin that he share

> the early version of the report with the reporter during the

> interview.

>

>

>2.

> For your reference, below is the Monsanto statement they

> plan to share on a reactive basis if they receive media

> inquiries after publication.

>

> At Monsanto, we're fully



> confident in the safety profile of our products. Our

> confidence is based on rigorous internal safety assessments

> in addition to safety assessments by regulatory authorities,

> independent

> researchers and other experts around the world. In July

> 2015, Monsanto retained a scientific consultant to convene

> an expert panel to review the International Agency for

> Research on Cancer (IARC) monograph on glyphosate once it

> published. The charge to the

> experts was to take a thorough look at the data in the

> monograph, assess the scope of the research included or

> excluded, and publish their conclusions to allow for

> external review. The experts that make up the panel include

> medical doctors, cancer experts,

> and individuals who hold doctoral degrees and who are

> experts in public health. The experts have spent their

> careers as researchers at major universities and medical

> schools, at research institutions and as consultants.
The

> panel's peer-reviewed findings recently

> were published in the journal Critical Reviews in

> Toxicology and are available here: [Monsanto will insert

> direct link here). These findings by the panel come at an

> important time, after so much unnecessary confusion and

> concern has been caused by lARC's classification

> of glyphosate. The panel's findings are consistent
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> with the conclusions of regulatory authorities around the

> world. In fact, since IARC classified glyphosate, regulatory

> authorities in Europe, Canada, Japan, New Zealand and

> Australia have publicly reaffirmed

> that glyphosate does not cause cancer. Additionally, in May

> 2016, the Joint FAO/WHO Meeting on Pesticide Residues 
(JMPR)

> concluded that "glyphosate is unlikely to pose a

> carcinogenic risk to humans from exposure through the

> diet."

>

>3.

> Lastly, after publication, Monsanto plan to proactively

> inform some reporters who have previously covered

> lARC's glyphosate monograph about the publication of

> the expert panel's findings. As such Monsanto

> plans to share a direct link to the Critical Reviews in

> Toxicology's website.

>

> Please let me know if this is

> acceptable to the journal.

>

> Many best Wishes

>

> Ashley

>

>
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> Ashley Roberts,

> Ph.D.

> Senior Vice President

> Food & Nutrition Group

>

> Intertek Scientific

> & Regulatory Consultancy

>

> Tel: +1

>

>

> Fax: +1

> E-mail:I l ( £ p i ' i t c ' r  t t '  K

>

> 2233 Argentia Road,

> Suite 201

>

> Mississauga, Ontario Canada L5N 2X7

>

>

>

>
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> From: Whalley,

> Charles [mailto:Charles.Whalley@tandfl

> Sent: September-06-16 8:35 AM

>

> To: Ashley Roberts Intertek

>

> Cc: Vasili, Temis

>

> Subject: RE: Glyphosate supplement

> contract

>

>

> Dear Ashley,

>

> Thanks for coordinating signature and

> return of contracts with Temis. I hope you've had a

> pleasant holiday.

>

> Further to your response re

> promotion, I'd be grateful if Monsanto could

> provide:

> ■

> A draft of the press release before
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> publication

> ■

> The names of the journalists who

> would receive the press release

> ■

> The names of the panellists who would

> be provided to these journalists for follow-up

> discussion

> •

> Information on any social media

> promotion

>

> Apologies for the quizzing, but

> we're anticipating a lot of interest in this

> supplement and so I'm eager that we're aware of

> any marketing in advance.

>

> As for our promotion, I'll be

> able to confirm our plans after hearing from you on the

> above.

>

> I'd be happy to discuss this

> with the appropriate person at Monsanto directly if

> that's easier for you.

>

> All best wishes,
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> Charles

>

>

>

>

> From: Ashley

> Roberts Intertek [mailto:ashley.roberts@intertek

>

>

> Sent: 23 August 2016 21:28

>

> To: Whalley, Charles

>

> Cc: Vasili, Temis

>

> Subject: RE: Glyphosate supplement

> contract

>

>

>

>

> Dear Charles,

>

> Regarding the contract, I will

> respond to you tomorrow morning my time.

>
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> On the topic of promotion, I have

> spoken to Monsanto and they have indicated that if you are

> in agreement they would like to promote the

> publications. While nothing definite has been planned

> they were contemplating

> making a press release to some "friendly"

> journalists indicating when the report will be released with

> the time estimation for publication as well as provide some

> names of the panelists who they could contact for follow-up

> discussion. Beyond this initial

> action, no further thought has gone in to this and they

> were wondering if the Journal does any of their own kind of

> promotion.

>

> If you could let me know if the above

> is acceptable, that would be great.

>

> Many Thanks

>

> Ashley

>

>

> Ashley Roberts,

> Ph.D.

>

> Senior Vice President
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>

> Food & Nutrition Group

>

> Intertek Scientific

> & Regulatory Consultancy

>

> Tel: +1

>

>

> Fax: + ll

> E-mail:! I@ inte rtek .com

> 2233 Argentia Road,

> Suite 201

>

> Mississauga, Ontario Canada L5N 2X7

>

>

>

> From: Whalley,

> Charles [mailto:Charles.Whalley@tandfl
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> Sent: August-23-16 10:52 AM

>

> To: Ashley Roberts Intertek

>

> Cc: Vasili, Temis

>

> Subject: RE: Glyphosate supplement

> contract

>

>

> Dear Ashley,

>

> Further to the below, it occurs to me

> that it would helpful and much appreciated if you could let

> me know on Intertek's and Monsanto's plans for

> promoting the supplement,

> if any, both with the print copies which we will be

> producing and in any electronic or other

> communications/promotion. I look forward to hearing from you

> on this and the below.

>

> Best wishes as ever,

> Charles

>

>

280

RM 000428



Rocjer̂ McGeMari

From:
Sent:
To:
Cc:
Subject:

Roger McClellan <roger.o.mcdellan(gH^H>
Tuesday, September 20, 2016 2:21 PM _______
ashley roberts@interte ger.o.mcdellanto^^^p JennaWhittle
Charles. Whalley@tand ildred Morgan; judy.vowles@intertel^^B
Re: CRT supplement 1, final files for approval/ Changes to 3 DOIs

Jenna:
To provide consistency across all five papers the DOIs on 3 papers need to be expanded.

Solomon: Add at beginning of DOI --"The employment affiliation of the author is shown on the cover page. However, it 
should be recognized that the author participated in there view process and preparation of this paper as an 
independent professional and not as a representative of his employer."
Brusick etal.: Add 2 sentences to beginning of DOI identical to the Williams etal papers.
Acquavella etal: Add 2 sentences to beginning of DOI identical to first 2 sentences of Williams etal papers.

In my opinion, with these changes, the papers are now ready for on-line posting. I assume that Dr Roberts concurs. 
Please acknowledge receipt and note when papers will be posted.

Thnaks for your help on this special issue.
Roger

On Tue, 9/20/16, Whittle, Jenna <Jenna.Whittle@informa^^| wrote:

Subject: CRT supplement 1, final files for approval
To: "Ashley Roberts Intertek" <ashley.roberts@intertek^^B "Roger McClellan" <roger.o.mcdellan@ 
Cc: "Whalley, Charles" <Charles Whalieyi©tandl^^^^"Mildred Morgan" <mbmorgan@hargrayBffi
"judy.vowles@intertek^^H <judy.vowles@intertek^^H 
Date: Tuesday, September 20, 2016,9:51 AM

Dear Roger and Ashley 

As discussed, please find
attached the final print files for the supplement. Please could you review these files and let me know if they have your 
approval for publication.

In addition, as a number
of changes had to be made to the Declaration of interest sections, I would be grateful if you could check these in 
particular to ensure that they are correct and complete.

Many thanks for all your
help with this. Please do let me know if you have any questions.
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Best wishes

Jenna

Jenna
Whittle
Production Editor, 
Journals 
Taylor & Francis

4 Park Square, Milton
Park, Abingdon, Oxon, 0X14 4RN, UK

jenna.whittle@tandfl

www.tandfonline.com

This electronic
message and all contents transmitted with it are confidential and may be privileged. They are intended solely for the 
addressee. If you are not the intended recipient, you are hereby notified that any disclosure, distribution, copying or 

use of this message or taking any action in reliance on the contents of it is strictly prohibited. If you have received this 
electronic
message in error, please destroy it immediately, and notify the sender.

Taylor & Francis
is a trading name of Informa UK Limited, registered in England under no. 1072954
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Roger McClellan

From:
Sent:
To:
Subject:

Larry Kier <ldkier@^^H>
Tuesday, September 20, 2016 1:26 PM 
Roger O. McClellan 
Quotes In SAP Letter

Dear Roger:

It's been a while and I hope you are doing well.

As you are probably aware the EPA will be convening a FIFRA SAP In October to review glyphosate carcinogenicity.

I am preparing a letter for submission to the SAP which briefly presents the conclusions of the glyphosate genotoxicity 
Expert Panel report and provides relevant material from the report to comment on the Charge Questions relevant to 
genotoxicity evaluation submitted to the SAP.

I would like to use brief (one or two sentences each) direct quotes from the report In this letter to make sure there Is as 
accurate a representation as possible.

It's my understanding that the report will be published online this week and will be open access but I wanted to check 
with you to make sure It's ok to use direct quotes from the publication In the letter.

Thanks and best regards,

Larry Kier

This e-mail message may contain privileged and/or confidential information, and is intended to be received 
only by persons entitled
to receive such information. If you have received this e-mail in error, please notify the sender immediately. 
Please delete it and
all attachments from any servers, hard drives or any other media. Other use of this e-mail by you is strictly 
prohibited.
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^RogeMWcClelfcm

From:
Sent:
To:
Cc:
Subject:

Roger McClellan <roger.o.mcdellan(a^^H>
Tuesday, September 20, 2016 2:50 PM 
Larry Kier
ashley foberts@ interte l^^ P m bm organ@ >hargray^^Jloger McClellan 
Re: Quotes in SAP Letter/ Yes

Larry
Great to her from you. Yes, the Special Glyphosate Issue should be posted on line in a matter of days. You are certainly 

free to make direct quotes, with appropriate attribution, from the paper in your letter and oral presentation, if you 
make one .. In some cases you may even want to make direct quotes from your earlier papers which were provided to 
IARC prior to their review. To cover all the options you may wish to make direct quotes from the original papers 
published by you and others.

You should be aware that in the past some EPA Offices have raised issues about citing review papers. If you want more 
details I suggest you contact Barbara Beck and/or Sam Cohen.

Best regards,
Roger

On Tue, 9/20/16, Larry Kier <ldkier(S^^^J  wrote:

Subject: Quotes in SAP Letter
To: "Roger O. McClellan" <roger.o.mcclellan@^^^>
Date: Tuesday, September 20, 2016,12:25 PM

Dear Roger: It's been a while and I
hope you are doing well. As you are probably aware the EPA will be convening a FIFRA SAP in October to review 

glyphosate carcinogenicity. I am preparing a letter for submission to the SAP which briefly presents the conclusions of 
the glyphosate genotoxicity Expert Panel report and provides relevant material from the report to comment on the 
Charge Questions relevant to genotoxicity evaluation submitted to the SAP.
I would like to
use brief (one or two sentences each) direct quotes from the report in this letter to make sure there is as accurate a 
representation as possible. It's my understanding that the report will be published online this week and will be open 
access but I wanted to check with you to make sure it's ok to use direct quotes from the publication in the letter. 
Thanks and best
regards, Larry Kier — .................... This e-mail message may contain privileged and/or confidential information, and is
intended to be received only by persons entitledto receive such information. If you have received this e-mail in error, 
please notify the sender immediately. Please delete it andall attachments from any servers, hard drives or any other 
media. Other use of this e-mail by you is strictly prohibited.
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From:
Sent:
To:
Cc:
Subject:

JRogerJVIcClellari

l@ intertek.com >Ashley Roberts Intertek 
Thursday, September 22, 2016 10:41 AM 
Whittle, Jenna
Roger McClellan; Mildred Morgan; Whalley, Charles 
RE: Final changes

Many Thanks Jenna.

Ashley Roberts, Ph.D.
Senior Vice President. Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Health. Environmental and Regulatory Services 
www intertek com

I  L  ________
Tei • !
Skype:
2233 Argenti^Roa^Suit^OI 
Mississauga, Ontario Canada L5N 2X7

From: Whittle, Jenna [mailto:Jenna.Whittle@informa^^
Sent: September-22-16 12:37 PM 
To: Ashley Roberts Intertek
Cc: Roger McClellan; Mildred Morgan; Whalley, Charles 
Subject: RE: Final changes

Hi Ashley
I unfortunately can't give a specific date for publication as this depends on whether further corrections will be required 
to the next set of final files. The corrected files should hopefully arrive by the end of the day UK time on Monday if the 
typesetter doesn’t have any difficulty incorporating the corrections. We also need to allow time for you to check the 
final files and for all the quality control checks here to take place so I'm afraid publication on Monday is unlikely. 
Hopefully it shouldn't be too much later in the week if no further corrections are required.
Best wishes 
Jenna

From: Ashley Roberts Intertek [mailto:ashlev.roberts(5)intertek 
Sent: 22 September 2016 16:48 
To: Whittle, Jenna
Cc: Roger McClellan; Mildred Morgan; Whalley, Charles 
Subject: RE: Final changes 
Importance: High

Hi Jenna,

Could you let me know with the changes we made if we are still aiming for a Monday publication? 

Many Thanks

Ashley
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Ashley Roberts, Ph.D.
Senior Vice President, Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Health, Environmental and Regulatory Services 
www intertek com

E-mail ashle^oberts@intertekl 
Tel +1 
Skype:
2233 Argentia Road. Suite 201 
Mississauga, Ontario Canada L5N 2X7

From: Whittle, Jenna fmailto:Jenna.WhittleffinformaBM 
Sent: September-21-16 12:12 PM 
To: Ashley Roberts Intertek
Cc: Roger McClellan; Mildred Morgan; Whalley, Charles 
Subject: RE: Final changes

Thank you for sending me your final amendments, Ashley. I'll arrange for them to be incorporated and I will let you 
know if I have any questions. For Roger's reference, I've attached your other emails detailing the other corrections.

These are more extensive changes than we would normally expect at this stage in the production process (reorganising 
the order of various sections, etc.) and so the typesetter will need more time to incorporate them accurately. I'm 
concerned that errors could be accidentally introduced while they make these amendments, despite their best efforts, 
so I will send you another final file for approval before we go to press. This should hopefully be on or by Monday 26th. 
Please note that only major errors that would otherwise result in an erratum or corrigendum should be corrected at that 
stage to avoid delays.

If you have any questions, please do not hesitate to contact me.

Best wishes 

Jenna

From: Ashley Roberts Intertek [mailto:ashlev.roberts(5>intertek 
Sent: 21 September 2016 16:57 
To: Whittle, Jenna 
Subject: Final changes

Hi Jenna,

These are the last of the typos changes we found in the manuscripts as outlined on the various page numbers

1. Need to reorder within the summary document so the sections follow the same sequence as the chapters - 
Introduction, Exposure, Epidemiology, Rodent bioassay, and Genotoxicity

2. Page 8, second column, bullet point "c.", "(positive trend p<0.05)" should be "positive trend (p<0.05)"

3. Page 47, second column, second complete paragraph beginning " In the first two-year bioassay..... ", ".... [157/190,
low-dose (LD) group), 5000 (814/955, mid-dose (MD) group) or 30,000 (4841/5874 mg/kg/d, high-dose (HD) group]", 
should be " ....(157/190, low-dose (LD) groupj, 5000 [814/955, mid-dose (MD) group] or 30,000 [4841/5874 mg/kg/d, 
high-dose (HD) groupj" (just making the bracket sequence line up).
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4. Page 48, last line of first column, "....low observed adverse effect..." should be "lowest observed adverse effect"

5. Page 49, second column, third complete paragraph, "IARC did not comment on the absence of hemangiosarcomas in 
the Nufarm (2009)...." should be "IARC did not comment on the absence of hemangiosarcomas in Nufarm (2009)" 
(delete "the" from original text)

6. Page 59, second column, 4 lines up from bottom, "high degree of and standard for detailed" should be "high degree 
of, and standard for, detailed" (added commas)

7. Page 63, first column, second complete paragraph "25.0 pM" should be ”25.0 pm" (small "m" for micrometer)

8. Page 65, the "in vivo" in the title heading "Chromosomal effects in vivo" needs to be italicized.

9. Page 65 second column, 17 lines up from the bottom "Another positive publication Amer et al. (2006)" should be 
"Another positive publication (Amer et al. 2006)" (change position of bracket)

If you have any questions, please let me know.

Best Wishes

Ashley

From: Whittle, Jenna (mailto Jenna.Whittle@informa 
Sent: September-21-16 10:38 AM 
To: Ashley Roberts Intertek 
Subject: RE: A few changes
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Thanks for these, Ashley. Just to confirm the changes to pp. 49 and 50, please can you check that this is correct:

In the first study. SD rats received 0, 30 (3). 100 (10). 
and 300 (31 mg/kg tmv'd) ppm ad libitum in diet for 26 
months. No pancreatic islet carcinomas were observed. The 
incidence of adenoma was found to have a positive trend 
(p<.05) in the study. Here, again the level of significance in 
common tumors is p<.005. The following islet cell adenoma 
incidences were observed for controls, low, mid and high 
doses respectively in males: 0/50, 5'49 (10%). 2/50 (4%), 2/50 
(4%). This incidence data shows no dose-response panerns 
and prcncoplastic effects arc absent. In addition, in the 
first study in males, the adenomas also did not progress 
to carcinomas. Thus, the pancreatic islet cell adenomas were 
not compound-related. In females, the corresponding values 
were: 2/50 (4%). I /50 (2%). I /50 (2%), and 0/50.

In the second study, male and female Sprague-Daw ley (SD) 
rats were fed 0, 2000 (89/113). 8000 (362/457). or 20.000 
(940/1183 mg/kg bw/d) ppm glvphosate (96.5% pure) ad libitum 
in diet for 24 months. The following islet cell tumor incidences 
were observed in males: adenomas - 1/58 (2%), 8/57 
(14%), 5/60 (8%). 7/59 (12%); carcinomas -  1/58 (25%). 0/57,
0/60,0/59. In females, the corresponding incidences were: 
adenomas 5/60 (8%). 1/60 (2%). 4/60 (7%), 0/59; carcinomas 
-  0/60,0/60,0/60.0/59. The historical control rates for 
pancreatic islet cell tumors at the testing laboratory were in 
the range 1.8-8.5%. The panel disagrees with the conclusion 
of IARC that there is a significant positive trend (p<_05) in 
the incidence of pancreatic adenomas in males, since the 
level of significance for trend should be p<,005 (US FDA 
2001; Williams et al. 2014). Moreover, there was no progression 
of adenomas to carcinomas.

Thanks and best wishes

Jenna

From: Ashley Roberts Intertek iinailto:ashlev.roberts(5)intertek 
S e n t :  21 September 2016 14:25 
To: Whittle, Jenna 
Subject; A few changes

Hi Jenna,

The following typos and changes need to be made to the following papers

• Page 2, lines 19 and 24 -  change "glyphosates" (plural) to "glyphosate" (singular) paper #1 Rogers Foreword
• Page 32, Table 4 Title -  should be "Validity considerations for glyphosate studies (add the word "for") Paper «3 

Epidemiology

For the summary paper #2 and the animal bioassay paper «4 the following error was picked up.

As outlined below the study identified as "the first study" is actually "the second study" and vice-versa in the discussion 
of "Pancreatic tumors in rats”, here is how the text should read on the bottom of page 9/top of page 10. I highlighted 
words which need to change:
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In the seeend first study Sprague-Dawlcy rats received doses 
ofO, 30 (3), 100 (10), and 300 (31 mg/kg bw day) ppm in the 
diet for 26 months. No pancreatic islet carcinomas were 
observed. Adenomas were found having a positive trend 
(p<.05) in the study. Here again t The level of signilicanee for 
an increase in common tumors in the trend test should be 
p<.005. The tumor incidences for controls, low. mid, and 
high doses rcspcctivelv were: males -  0/50, 5-49 (10%). 2.50 
(4%), 2/50 (4%). and females -  2/50 (4%). 1/50 (2%). 1/50 
(2%) 0/50. This incidence demonstrates no dose-response pattern, 
and an absence of pre-neoplastic effects. In addition, in 
the second study in males, the adenomas did not progress to 
carcinomas.

In the fifst second study Sprague-Daw Icy rats received 0, 2000. 
8000, and 20,000ppm glyphosate (96.5% purity) in the diet, 
fed ad libitum for 24 months. In males, the following pancreatic 
islet cell tumor incidences were observed in the controls 
and three dose groups (low to high): adenoma: 1/58 (2%).
8/57 (14%), 5/60 (8%), 7/59 (12%); carcinoma: 1/58 (2), 0/57.
0/60,0/59. Corresponding incidence values in females were:
5/60 (8%). 1/60 (2%). 4/60 (7%), 0/59, and 0/60.0/60.0/60.
0/59. The historical control rates for pancreatic islet cell 
tumors at the testing laboratory were in the range 1.8-8.5%.
The Panel disagrees with the conclusion of IARC that there is 
a significant positive trend (p<.05) in the incidence of pancreatic 
adenomas in males, since here again the level of significance 
should be p<.005 (US FDA, 2001; Williams et al. 2014).
Moreover, there was no progression of adenomas to 
carcinomas.
Four additional studies in rats, described by
Greim et al. (2015) not evaluated by IARC, similarly did not
show pancreatic islet cell tumors. Based on this information
the Expert Panel concludes that there is no evidence that glyphosate
induces islet cell tumors in the pancreas.

The same changes will need to be done on the bottom of page 49 and top of page 50 of the animal bioassay paper 
4*4. Here the changes are slightly simpler -  the text needs to be moved as shown above, and the only word-changing is 
"first" to "second" and "second" to "first" (2 times in that paragraph).

Please let me know if you need clarification on any of the above?

Best Wishes

Ashley
Ashley Roberts, Ph.D.
Senior Vice President. Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Health, Environmental and Regulatory Services 
www.intertek.com

E-mail:
Tel: +1 
Skype:
2233 Argentia Road, Suite 201 
Mississauga, Ontario Canada L5N 2X7

From: Whittle, Jenna i mailto:Jenna.Whittle®inform. 
Sent: September-20-16 12:52 PM
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To: Ashley Roberts Intertek; Roger McClellan
Cc: Whalley, Charles; Mildred Morgan; Judy Vowles Intertek
Subject: CRT supplement 1, final files for approval

Dear Roger and Ashley

As discussed, please find attached the final print files for the supplement. Please could you review these files and let me 
know if they have your approval for publication.

In addition, as a number of changes had to be made to the Declaration of interest sections, I would be grateful if you 
could check these in particular to ensure that they are correct and complete.

Many thanks for all your help with this. Please do let me know if you have any questions.

Best wishes

Jenna

Jenna Whittle
Production Editor. Journals 
Taylor & Francis

*  Taylor 6« Francis Croup
& Jn mlnmu

4 Park Square Milton Park. Abingdon. Oxon, 0X14 4RN . UK

^ ^ ^ ^ B W @ tandf co uk 
v^ ^ a n d to n lin e  c om

This electronic message and all contents transmitted with it are confidential and may be privileged They are intended solely for the acdiessee if you are not the intended 
recipient you are hereby notified that any disclosure, distribution, copying or use of this message or taking any action n reliance on the contents of it is strictly prohibited If 
you have received this electronic message in errcr please destroy it immediately and notify tne sender
Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954

Valued Quality Delivered 

C O N FID EN T IA L ITY  N O TICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person responsible for delivering the message 
to the intended recipient then please notify us by return email immediately Should you have received this email in error then you should not copy this for 
any purpose nor disclose its contents to any other person.

http /.'V/ww intertek com

This email and any aitachner.es were sent item a Monsanto email account and nay contain 
confidential ar.d/cr privileged information. If you are r.ct the intended recipient, please 
contact the sender ana delete this email and any attachments immediately. Any 
unauthorized use, including disclosing, printing, storing, copying or aistirouting this 
email, is prohibited. All emails and attachments sent to or from y.or.sunto email accounts 
may be subject to monitoring, reading, ana archiving by Monsanto, including its 
affiliates and subsidiaries, as permitted by applicable law. Thank you.
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jtoçjer^McClellari

From:
Sent:
To:
Cc:
Subject:

Whittle, Jenna l@informa.com> 
Monday, September 26, 2016 8:07 AM 
Ashley Roberts Intertek .
Roger McClellan; Mildred Morgan; Whalley, Charles 
Supplement proofs - update

Dear all
I have just received the final proofs from the typesetter, but the tables in the Williams et al. paper haven't been 
renumbered and repositioned following the changes requested to the article structure, so I will need to request another 
updated proof from the typesetter. I'm afraid this means that there will be a delay in sending you the final proof for 
approval -  please accept my apologies for this. I will be in touch again as soon as I can.
Best wishes 
Jenna

From: Ashley Roberts Intertek [mailto:ashley.roberts@intertek 
Sent: 22 September 2016 17:41 
To: Whittle, Jenna
Cc: Roger McClellan; Mildred Morgan; Whalley, Charles 
Subject: RE: Final changes

Many Thanks Jenna.

Ashley Roberts, Ph.D.
Senior Vice President, Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Health, Environmental and Regulatory Services 
www.intertek.com

E-mail:
Tel: +1 
Skype:
2233 Argentia Road. Suite 201 
Mississauga, Ontario Canada L5N 2X7

From: Whittle, Jenna | n iillii^^^^^^W m  iiiliiiin ............
Sent: September-22-16 12:3^M  
To: Ashley Roberts Intertek
Cc: Roger McClellan; Mildred Morgan; Whalley, Charles 
Subject: RE: Final changes

Hi Ashley *
I unfortunately can't give a specific date for publication as this depends on whether further corrections will be required 
to the next set of final files. The corrected files should hopefully arrive by the end of the day UK time on Monday if the 
typesetter doesn't have any difficulty incorporating the corrections. We also need to allow time for you to check the 
final files and for all the quality control checks here to take place so I'm afraid publication on Monday is unlikely. 
Hopefully it shouldn't be too much later in the week if no further corrections are required.
Best wishes 
Jenna
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From: Ashley Roberts Intertek |m a ilto ^ B B B |^ ^ B(5>intertek.com]
Sent: 22 September 2016 16:48 
To: Whittle, Jenna
Cc: Roger McClellan; Mildred Morgan; Whalley, Charles 
Subject: RE: Final changes 
Importance: High

Hi Jenna,

C o u ld  y o u  le t  me know with the changes we made if we a r e  still aiming for a Monday publication?

Many Thanks

Ashley

Ashley Roberts, Ph.D.
Senior Vice President, Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Health, Environmental and Regulatory Services 
www intertek coni

E-niail. mtertek com
Tel: +1 ^  -̂11
Skype :____________
2233 Argentia Road Suite :
Mississauga, Ontario Canada L5N 2X7

From: Whittle, Jenna fm ailto |^ ^ ^ ^ ^ J(a in fo rma.com1 
Sent: September-21-16 12:1^M  
To: Ashley Roberts Intertek
Cc: Roger McClellan; Mildred Morgan; Whalley, Charles 
Subject: RE: Final changes

Thank you for sending me your final amendments, Ashley. I'll arrange for them to be incorporated and I will let you 
know if I have any questions. For Roger's reference, I've attached your other emails detailing the other corrections.

These are more extensive changes than we would normally expect at this stage in the production process (reorganising 
the order of various sections, etc.) and so the typesetter will need more time to incorporate them accurately. I'm 
concerned that errors could be accidentally introduced while they make these amendments, despite their best efforts, 
so I will send you another final file for approval before we go to press. This should hopefully be on or by Monday 26th. 
Please note that only major errors that would otherwise result in an erratum or corrigendum should be corrected at that 
stage to avoid delays.

If you have any questions, please do not hesitate to contact me.

Best wishes 

Jenna

From: Ashley Roberts Intertek fmailto 
Sent: 21 September 2016 16:57 
To: Whittle, Jenna 
Subject: Final changes

Jintertek.coml
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Hi Jenna,

These are the last of the typos changes we found in the manuscripts as outlined on the various page numbers

1. Need to reorder within the summary document so the sections follow the same sequence as the chapters - 
Introduction, Exposure, Epidemiology, Rodent bioassay, and Genotoxicity

2. Page 8, second column, bullet point "c.", "(positive trend p<0.05)" should be "positive trend (p<0.05)"

3. Page 47, second column, second complete paragraph beginning " In the first two-year bioassay..... ", [157/190,
low-dose (LD) group), 5000 (814/955, mid-dose (MD) group) or 30,000 (4841/5874 mg/kg/d, high-dose (HD) group)", 
should be " ....[157/190, low-dose (LD) group], 5000 [814/955, mid-dose (MD) group] or 30,000 [4841/5874 mg/kg/d, 
high-dose (HD) group]" (just making the bracket sequence line up).

4. Page 48, last line of first column, "....low observed adverse effect..." should be "lowest observed adverse effect"

5. Page 49, second column, third complete paragraph, "IARC did not comment on the absence of hemangiosarcomas in 
the Nufarm (2009)...." should be "IARC did not comment on the absence of hemangiosarcomas in Nufarm (2009)" 
(delete "the" from original text)

6. Page 59, second column, 4 lines up from bottom, "high degree of and standard for detailed" should be "high degree 
of, and standard for, detailed" (added commas)

7. Page 63, first column, second complete paragraph "25.0 pM" should be "25.0 pm" (small "m" for micrometer)

8. Page 65, the "in vivo" in the title heading "Chromosomal effects in vivo" needs to be italicized.

9. Page 65 second column, 17 lines up from the bottom "Another positive publication Amer et al. (2006)" should be 
"Another positive publication (Amer et al. 2006)" (change position of bracket)

If you have any questions, please let me know.

Best Wishes 

Ashley
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From: Whittle, Jenna ........ ........................................... I......................
Sent: September-21-16 10:38 AM 
To: Ashley Roberts Intertek 
Subject: RE: A few changes

Thanks for these, Ashley. Just to confirm the changes to pp. 49 and 50, please can you check that this is correct:

In ihe first study. SD rats received 0,30 (3), 100 (10), 
and 300 (31 mg/kg bw/d) ppm ad libitum in diet for 26 
months. No pancreatic islet carcinomas were observed. The 
incidence of adenoma was found to have a positive trend 
(p<.05) in the study. Here, again the level of significance in 
common tumors is p<.005. The following islet cell adenoma 
incidences were observed for controls, low, mid and high 
doses respectively in males: 0/50, 5/49 (10%). 2/50 (4%), 2/50 
(4%). This incidence data shows no dose-response patterns 
and preneoplastic effects are absent. In addition, in the 
first study in males, the adenomas also did not progress 
to carcinomas. Thus, the pancreatic islet cell adenomas were 
not compound-related. In females, the corresponding values 
were: 2/50 (4%), 1/50 (2%), 1/50 (2%). and 0/50.

In the second study, male and female Sprague-Dawley (SD) 
rats were fed 0. 2000 (89/113), 8000 (362/457), or 20.000 
(940/1183 mg/kg bw/d) ppm glyphosate (96.5% pure) ad libitum 
in diet for 24 months. The following islet cell tumor incidences 
were observed in males: adenomas -  1/58 (2%), 8/57 
(14%), 5/60 (8%). 7/59 (12%); carcinomas -  1/58 (25%), 0/57,
0/60.0/59. In females, the corresponding incidences were: 
adenomas -  5/60 (8%), 1/60 (2%), 4/60 (7%), 0/59; carcinomas 
-  0/60,0/60,0/60,0/59. The historical control rates for 
pancreatic islet cell tumors at the testing laboratory were in 
the range 1.8-8.5%. The panel disagrees with the conclusion 
of IARC that there is a significant positive trend (p<.05) in 
the incidence of pancreatic adenomas in males, since the 
level of significance for trend should be p<.005 (US FDA 
2001; Williams et al. 2014). Moreover, there was no progression 
of adenomas to carcinomas.

Thanks and best wishes

Jenna

From ' , '
Sent: 21 September 2016 14:25 
To: Whittle, Jenna 
Subject: A few changes
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Hi Jenna,

The following typos and changes need to be made to the following papers

• Page 2, lines 19 and 24 -  change "glyphosates" (plural) to "glyphosate" (singular) paper #1 Rogers Foreword
• Page 32, Table 4 Title -  should be "Validity considerations for glyphosate studies (add the word "for") Paper S3 

Epidemiology

For the summary paper »2 and the animal bioassay paper 84 the following error was picked up.

As outlined below the study identified as "the first study" is actually "the second study" and vice-versa in the discussion 
of "Pancreatic tumors in rats", here is how the text snould read on the bottom of page 9/top of page 10. I highlighted 
words which need to change:

In the second first study Sprague-Dawley rats received doses 
ofO, 30 (3), 100 (10). and 300 (3 i mg/kg bw/day) ppm in the 
diet for 26 months. No pancreatic islet carcinomas were 
observed. Adenomas were found having a positive trend 
(p<.05) in the study. Here again t The level of significance for 
an increase in common tumors in the trend test should be 
p<.005. Tire tumor incidences for controls, low. mid. and 
high doses respectively were: males -  0/50. 5/49 (10%), 2/50 
(4%), 2/50 (4%). and females - 2/50 (4%), 1/50 (2%). 1/50 
(2%) 0/50. This incidence demonstrates no dose-response pattern, 
and an absence of pre-neoplastic effects. In addition, in 
the second study in males, the adenomas did not progress to 
carcinomas.

In the first second study Sprague-Dawley rats received 0. 2000.
8000, and 20,000ppm glyphosate (96.5% purity) in the diet, 
fed ad libitum for 24 months. In males, the following pancreatic 
islet cell tumor incidences were observed in the controls 
and three dose groups (low to high): adenoma: 1/58 (2%).
8/57 (14%). 5/60 (8%), 7/59 (12%); carcinoma: 1/58 (2), 0/57,
0/60,0/59. Corresponding incidence values in females were:
5/60 (8%). 1/60 (2%). 4/60 (7%), 0/59, and 0/60,0/60.0/60,
0/59. The historical control rates for pancreatic islet cell 
tumors at the testing laboratory were in the range 1.8-8.5%.
The Panel disagrees with the conclusion of I ARC that there is 
a significant positive trend (p<.05) in the incidence of pancreatic 
adenomas in males, since here again the level of significance 
should be p<.005 (US FDA, 2001; Williams et al. 2014).
Moreover, there was no progression of adenomas to 
carcinomas.
Four additional studies in rats, described by
Greim et al. (2015) not evaluated by IARC, similarly did not
show pancreatic islet cell tumors. Based on this information
the Expert Panel concludes that there is no ev idence that glyphosate
induces islet cell tumors in the pancreas.

The same changes will need to be done on the bottom of page 49 and top of page 50 of the animal bioassay paper 
#4. Here the changes are slightly simpler -  the text needs to be moved as shown above, and the only word-changing is 
"first" to "second" and "second" to "first" (2 times in that paragraph).

Please let me know if you need clarification on any of the above?

Best Wishes
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Ashley
Ashley Roberts, Ph.D.
Senior Vice President, Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
Health, Environmental and Regulatory Services 
www.intertek.com

E-mail: intertek.com
Tel. +1
Skype. _______________________
2233 Argentia Road. Suite 201 
Mississauga, Ontario Canada L5N 2X7

From: Whittle, Jenna fmaiito:_^ ^ ^ ^ M B @informa.com1
Sent: September-20-16 12:52
To: Ashley Roberts Intertek; Roger McClellan
Cc: Whatley, Charles; Mildred Morgan; Judy Vowles Intertek
Subject: CRT supplement 1, final files for approval

Dear Roger and Ashley

As discussed, please find attached the final print files for the supplement. Please could you review these files and let me 
know if they have your approval for publication.

In addition, as a number of changes had to be made to the Declaration of interest sections, I would be grateful if you 
could check these in particular to ensure that they are correct and complete.

Many thanks for all your help with this. Please do let me know if you have any questions.

Best wishes

Jenna

Jenna Whittle
Production Editor, Journals 
Taylor & Francis

Taylor &. Francis Groupf t r  intarma rvjvrxsv

4 Park Square. Milton Park Abingdon. Oxon 0X14 4RN. UK

co uk
sy^^anofonline com

Th s electronic message and an contents transmitted with it are confidential and may be privileged They are intended seel/ for tne asaressee If you are no* the intended 
recipient you are hereby notified that any disclosure, distnbution copying or use of this message or taking any action m re an :e on the contents of it >s strictly prohioited If 
you have received this electronic message m error please destroy it immediately and notify the sender
Taylor & Francis is a trading name of Informa UK Limited, registered in England under no. 1072954

Valued Quality Delivered

C O N FID EN T IA L ITY  N O TICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person responsible for delivering the message 
to the intended recipient then please notify us by return email immediately. Should you have received this email in error then you should not copy this for 
any purpose nor disclose its contents to any other person.

http AVvww ntertek com
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This email ar.d any attachments were ser.t iron a Monsanto email account and nay contain 
confidential and/or privileged information. If you are r.oc the intended recipient, please 
contact the sender and delete this email and any attachments immediately. Any 
unauthorized use, including disclosing, printing, storing, copying or distributing this 
em.ail, is prohibited. Ail emails ar.d attachments sent to cr from Monsanto email accounts 
nay be subject to monitoring, reading, and archiving by Monsanto, including its 
affiliates and subsidiaries, as permitted by applicable law. Thank yen.
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Roger McClellan

From:
Sent:
To:
Subject:

Whittle, Jenna <J |@informa.com>
Tuesday, September 27, 2016 10:34 AM 
Roger McClellan
RE: CRT supplement (46.S1) - final files for approval/ Approved

Thanks Roger. I will do.

From: Roger McClellan [mailto:roger.o.mcclellan 
Sent: 27 September 2016 16:34 
To: ashley.roberts@intertek^B  Whittle, Jenna <
Cc: ashley.roberts@ intertek^Hroger.o.mcclellan@a 
Morgan <mbmorgan@hargray!(^H 
Subject: Re: CRT supplement (46.S I) - final files for approval/ Approved

@informa.com>
halley, Charles <Charles.Whalley@tandfl I ;  Mildred

Jenna
The final files look great!!! Please proceed with posting on-line as soon as you have approval from Charles. I 
note that Ashley has approved the.files. Please send an electronic linkage to the Special Issue , a linkage I can 
share with others. Thanks for your assistance with this major project.
Regards, Roger

On Tue, 9/27/16, Whittle, Jenna <.

Subject: CRT supplement (46.S1) - final files for approval ________
lb : "Rogci Met lellan" • n 'get . leil i •t 11 lc> Roberts Intcrtck"

Cc: "Whalley, Charles" <Charles.Whallevfbtand^^ [ J . "Mildred Morgan" e mbmorcanm 
Date: Tuesday, September 27, 2016, 6:41 AM

|fc/ intcrtek.com>
>

|/  inlbrma.com> wrote:

Dear Ashley and Roger 
Please find attached the
final files for the supplement. Apologies again for the 
delay.

Please could you review
these files and let me know if they have your approval for 
publication.
Thanks and best wishes 

Jenna
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Jenna
Whittle
Production Editor, 
Journals
Taylor & Francis

4 Park Square, Milton
Park, Abingdon, Oxon, 0X14 4RN, UK

H R H H H -' yk.

w w w .tandfonline.com

This electronic
message and all contents transmitted with it are 
confidential and may be privileged. They are intended solely 
for the
addressee. If you are not the intended recipient, you are 
hereby notified that any disclosure, distribution, copying 
or use of this message or taking any action in reliance on 
the contents of it is strictly prohibited. If you have 
received this electronic
message in error, please destroy it immediately, and notify 
the sender.

Taylor & Francis
is a trading name of Informa UK Limited, registered in 
England under no. 1072954
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^oçjer^McClellan^

From:
Sent:
To:
Cc:
Subject:

Ashley Roberts Intertek <ashley.roberts@ mtertek|
Tuesday, September 27, 2016 10:36 AM
Whittle, Jenna; Roger McClellan
Whalley, Charles; Mildred Morgan
RE: CRT supplement (46.S1) - final files for approval

Thank you Jenna

Ashley Roberts, Ph.D.
Senior Vice President. Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
www.intertek com

l@intertek comE-mail: I 
Tel: +1 [
Skype: _______________________
2233 Argentia Road. Suite 201 
Mississauga, Ontario Canada L5N 2X7

Interested in learning about regulatory 
approvals in China?
Stop by Booth PP170 to meet Sandy Un, 
Director, China office.

Wine & Cheese 
Reception 

■ October 6th, 2016 
3:30-4:30

Intertek
Booth PP170 SupplySider r  ' w est__

I@inf0rm3.com]From: Whittle, Jenna [mailto:J€
Sent: September-27-16 12:33 PM- 
To: Ashley Roberts Intertek; Roger McClellan 
Cc: Whalley, Charles; Mildred Morgan 
Subject: RE: CRT supplement (46.S1) - final files for approval

Thanks for checking the files, Ashley. After Charles has confirmed we can proceed with publication, I'll send the issue to 
press. It should appear on the journal website approximately 24 hours after this.
Best wishes 
Jenna

From: Ashley Roberts Intertek fmailto| 
Sent: 27 September 2016 15:55

|(5>intertek com]

To: Whittle, Jenna <Je linforma.com>; Roger McClellan <roeer.o.mcclellan
Cc: Whalley, Charles <Charles.Whailev(S)tandf| I; Mildred Morgan <mbmorean(Sharerav
Subject: RE: CRT supplement (46.SI) - final files for approval

Hi Jenna,

We have checked the final files and we are good to go.

So, please take this as an approval for publication. As a result, could you let me know when they will go on line? 

Many Thanks for your hard work on this matter.
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Best Wishes

Ashley

Ashley Roberts, Ph.D.
Senior Vice President. Food & Nutrition Group 
Intertek Scientific & Regulatory Consultancy 
www.intertek.com

:  :  • ' r. a j r

Tel: +1 ^
S k y p e :___________________
2233 Argentia Road. Suite :
Mississauga, Ontario Canada L5N 2X7

Interested in learning about regulatory 
approvals in China?
Stop by Booth PPl 70 to meet Sandy Un,
Director, China office.

Wine & Cheese 
Reception 

October 6th, 2016 
3:30-4:30 

Booth PPl 70

Intertek
SupplySider r  r  WEST

From: Whittle, Jenna ml.....................
Sent: September-27-16 9:41 AM
To: Roger McClellan; Ashley Roberts Intertek
Cc: Whalley, Charles; Mildred Morgan
Subject: CRT supplement (46.S1) - final files for approval
Importance: High

Dear Ashley and Roger
Please find attached the final files for the supplement. Apologies again for the delay.
Please could you review these files and let me know if they have your approval for publication.
Thanks and best wishes
Jenna

Jenna Whittle
Production Editor Journals 
Taylor & Francis

% Taylor £* Francis GroupÔ  _
4 Park Square Milton Park Abingdon. Oxon. OX14 4RN  UK

^ ^ ^ ^ H H ^ tan d f^ g jjk  
^ ^ H anato n iine  com

This electronic message and all contents transmitted with it are confidential anc may be privileged. They are intended solely for the addressee >f you are not the intended 
recipient you are hereby notified that any disclosure, distribution copying dr use of tn s message or taking any action in reliance on the contents of it is stnctly prohibited If 
you have received this electronic message in error please destroy it mmediaiey and notify the sender
Taylor & Francis is a trading name of Informa UK Limited registered in England under no. 1072954

Valued Quality. Delivered 

CONFIDENTIALITY NOTICE
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Roger McClellan

From: Whalley, Charles < ^ ^ H H H [H@tandf.co.uk>
Sent: Thursday, September 29, 2016 1:45 AM
To: Roger McClellan
Cc: mbmorgan@hargray^^B Whittle, Jenna; Vasili, Temis
Subject: CRT Supplement now published

Dear Roger,

I note that the glyphosate supplement is now published online and all showing as Open Access. The full table 
of contents is accessible at the following link: http://tandfonline.com/toc/itxc20/46/sup1 ?nav=tocl_ist This has 
been a considerable amount of work on all sides so I’m delighted to see it come to fruition
I'm in the office today if you wanted to follow up on this by phone. Between 3:30 and 4pm UK time I shall be on 
the phone (incidentally to a toxicologist at the University of New Mexico), but otherwise I should be available 
and at my desk.

Very best wishes,
Charles
Charles Whalley - Managing Editor, Medicine & Health Journals 
Taylor & Francis Group

Oxon, 0X14 4RN, UK

Taylor & Francis is a trading name of Informa UK Limited, 
registered in England under no. 1072954

4 Park Square, Milton Park, Abingdon, 
Direct line:

|(5Mandf c o .uk 
v :andfonline.com
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Jto^eiJVIcClelUm

From:
Sent:
To:

Cc:
Subject:

Roger McClellan <roger.o.mcclellan@^ ^ J >
Thursday, September 29, 2016 12:34 PM
bolt@ ifado^ rcc0022@au b urn^ J scohen@unmc^H dellarcov@gmailflB
ri.svid in.a-ncsu^ H  f : - ¡••.¡f-’ bil t ^ H i ju !  nai
s.tsuda@iwate-u.acHdavid.warheit@gmail^H
Charles Whalley; Roger McClellan; Mildred B. Morgan
SPECIAL ISSUE: GLYPHOSATE

CRT Board of Directors

The Special Issue ofCritical Reviews in Toxicology (CRT), Vol. 46, entitled “An Independent Review 
of the Carcinogenic Potential of Glyphosate” has been published on-line and can be accessed via the following 
link: http.//tandfonline.com/toc/itxc20/46/sup1?nav=tocList. As you will note, the issue includes a 
brief foreword I prepared and five papers prepared by the Panel. I call your attention to the 
comprehensive “Declaration of Interests" statement for each of the papers. Such DOI statements 
routinely accompany each article published in CRT. In my opinion, these statements are among the 
most comprehensive published today in scientific journals.

You will also note the papers were extensively reviewed by a total of 27 independent 
reviewers, including a number of you serving on the CRT Editorial Advisory Board. Several of you 
reviewed all five papers. The review comments proved very useful to the authors and contributed to 
the overall quality of the published papers.
I expect the papers in the Special Issue will be widely read and cited. As you will note, the papers are 
available on open access which should encourage readership.

I extend a special note of thanks to you for your valuable advice concerning these papers and 
the Special Issue. Your advice contributed to the quality of the rigorous review process used and the 
scientific quality of the Issue.

If you know of individuals who would like to prepare a set of papers on a single lengthy paper 
for publication as a Special Issue of CRT, please have them contact me with regard to scientific 
details concerned with publication of such issues. If the material is deemed scientifically appropriate 
for a Special Issue, I will refer the individual to Charles Whalley, the Managing Editor for CRT to 
discuss costs and business details associated with publication of a Special Issue.

Roger
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— On Sat, 10/15/16, Nebert, Daniel (nebertdw) <NEBERTDW@UCMAIL.UC| wrote:

> From: Nebert, Daniel (nebertdw) <NEBERTDW@UCMAIL.UC^^
> Subject: An Independent Review of the Carcinogenic Potential of
> Glyphosate
> To: "Abdel-Malek, Zalfa (abdelmza)" <ABDELMZA@UCMAILUC^ ^
> "Bernstein, Jonathan (bernstja)" <BERNSTJA@UCMAIL.UC^^^pTlingham,
> Eula (binghael)" <BINGHAEL@UCMAIUJ C B ^  "BOL-Bermudez, Mei-ling
> (bermudmn)" <bermudmn@mail.uc^^H"BOL-Frank, Evan (franken)"
> <franken@mail.uc
> <hsiehhi@mail.uc
> <krishami@mail.uc
> <mengqg@mail.uc
> <mille3dl@mail.uc
> <vonhanap@mail.uc

| "BOL-Hsieh, Heidi (hsiehhi)"
| "BOL-Krishan, Mansi (krishami)"
| "BOL-Meng, Qinghang (mengqg)"
| "BOL-Miller, David (mille3dl)"
| "BOL-Vonhandorf, Andrew (vonhanap)"

| "BOL-Wang, Qin (wangq4)" <wangq4@mail.u c ^ ^ |
> "Borchers, Michael (borchemt)" <BORCHEMT@UCMAIL. U C ^ j |  "Buncher, C.
> Ralph (bunchecr)" <BUNCHECR@UCMAIL .U C ^ ^ B “Burns, Katherine
> (burns2ki)" <burns2ki@ucmaii.uc^ ^ H  "Carreira, Vinicius (carreivs)"
> <carreivs@ucmail.uc^ ^ H  "CHM-Butsch.Kovacic, Melinda
> (Melinda.Butsch.Kovacic)" <Melinda.Butsch.Kovacic@cchmc^^|
> "CHM-Fukuda, Tsuyoshi (Tsuyoshi.Fukuda)" <Tsuyoshi.Ft
> "CHM-Hershey, Gurjit (gurjit.hershey)" <GURJIT.HERSHE'
> "CHM-Mersha, Tesfaye (Tesfaye.Mersha)" <Tesfaye.Mer:
> "CHM-Prows, Daniel (daniel.prows)" <DANIEL.PROWS@( _____
> "CHM-Ryan, Patrick (Patrick.Ryan)" <Patrick.Ryan@ cchm c^^ "Chou
> Divaker (choubedr)" <choubedr@ucmail.uc^^|  "Nebert, Daniel
> (nebertdw)" <NEBERTDW@UCMAIL.UC.EDU>, "Deka, Ranjan (dekar)"
> <DEKAR@UCMAIL.UC|^B "D e sa i, Pankaj (desaipb)"
> <DESAIPB@UCMA!L.UC^^J |  "dococcmed(o^^^H <dococcmed(i
> "Elam, Sarah (elamsb)" < e lam sb @ U C M A IL .U C jU 2arLYunxia (fanyi)"
> <fanyi@UCMAIL U C ^ ^ J  "Geh_Esm ond (g e h e n @ ^ ^ ^ ^ H  <g eh en @ ^
> "Genfer, Mary Beth (gentermb)" <GENTERMB@UCMAILUC|
> "glendon.zinser@gmail^^|  <glendon.zinser@gmail^^H "Greis, Ken
> (greiskd)" <greiskd@ucmaiLuc^^M "Haynes, Erin (haynesen)"
> <haynesen@UCMAIL.U C^ ^ J"H o^  Shuk-mei (hosm)" <hosm@ucmail.uc|
> "Huang, Shouxiong (huangsx)" <huangsx@ucmail.ucBB  "Hugo, Eric
> (hugoe" <1 Ne b e r t " J ohnson_Abby (abbylea jo ( 2 ^ ^ ^ ^ J ) "
> o bby lea jo is^ ^ ^ ^ ^ K /K ad ekaro, Ana Luisa (kadekaal)"
> <kadekaal@ucmaiLuc^ ( > ,  "Kasper, Susan (kaspersn)"

| "Kim, KyoungHyun (kim2ku)"
, "Ko, Chia-I (koci)" <koci@ucmail.uc^^f

> "Kopras, Elizabeth (koprasej)" <koprasej@ucm ail.uc^^H "Langevin,
> Scott (langevst)" <langevst@ucm aiLuc^ ^ J "Leggett, Carmine
> (leggetce)" <leggetce@ ucm ail.ucM M"Leung, Ricky Y. K. (leungyk)"
> <leungyk@ ucmail.uc^^B "Maier, Michael (maierma)"
> <maierma@ucmail.uc^^M "M ccann, Kathy (mccannks)"
> <mccannks@ucmail.uc^^ H  "Mcgraw, Dennis (mcgrawdw)"
> <MCGRAWDW@UCMAIL.U C ^ ^ J  "Medvedovic, Mario (medvedm)"
> <m edvedm @ UCM AILUCBJ^^ eller, Jaroslaw (mellerj)"
> <mellerj@ucmail.uc^^^pMiller, Marian (millermn)"
> <millermn@ucmail.uc^^M"Ovesen, Jerald (oversejl)"
> <oversejl@UCMAIL.U C ^ ^ fc  "Papautsky, Ian (papauti)"

> <kaspersn@ucmail.uc|
> <kim2ku@ucmail.uc|
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> <papauti@ucmail.uc^^M"Pinney, Susan (pinneysm)"
> <PINNEYSM@UCMAI^^^ ^ ^ |  "Puga, Alvaro (pugaa)"
> <PUGAA@UCMAIL.UC^^^pRao, Marepalli (raomb)" <raomb@UCMAIL.UC|
> "Reponen, Tiina (reponeta)'1 <REPONETA@UCMAIL.UC^^J "Rice, Carol
> (ricech)" <ricech@ucmail.uc^^H "Rubinstein, Jack (rubinsjk)"
> <rubinsjk@ucmail.uc^^B"Sanders, Holly (sanderhy)"
> <sanderhy@UCMAIL.Uc|^^B"Stambrook, Peter (stambrpj)"
> <STAMBRPJ@UCMAIL.U^ B ^ ^  "Tarapore, Pheruza (tarapopp)"
> <tarapopp@ucmail.uc^^B"Varughese_Eunice
> (varughese.eunice@ epam ail.epa^^M
> <varughese.eunice@epamail.ep a^ ^ J "Wang, Hong-Sheng (wanghs)"
> <WANGHS@UCMAIL.UC^^ P  "Watson, Deena (watsondm)" ______
> <watsondm@ uc m a il.L .'C ^ ^ J',W u, T ianying (wutg)" < w u tg @ u cm a il.u c^ ^ |
> "Xia, Ying (xiay)" <xiay@ucm ail.ucM M  "Xie, Changchun (xiecn)"
> <xiecn@UCMAIL.UC^^Hj2adav, Jagjit (yadavjs)"
> <YADAVJS@UCMAIL^C ^ ^  "Zhang, Xiang (zhanx5)"
> <zhanx5@ ucmail.uc^J
> Date: Saturday, October 15 ,2016, 5:56 PM

>
>
>

>
>

> Glyphosate [N-(phosphono-methyl)glycine) is a broad-spectrum
> orga nophosphorus

> systemic
> herbicide and crop
> desiccant. More specifically,
> it is
> a phosphonate— used
> to kill weeds,
> especially annual broadleaf weeds
> and grasses that compete with
> agricultural
> crops.
> An ongoing controversy (more intense in the EU than in the rest of
> the world) involves whether or not Glyophosate is cancer-causing
> (carcinogenic).

> For those interested, please note
> that there has just recently appeared:
> a Special Issue of Critical
> Reviews in Toxicology (CRT), Vol. 46, titled "An Independent Review of
> the Carcinogenic Potential of Glyphosate".
>
> This issue has been published online
> and can be accessed via the following
> link: http://tandfonline.com/toc/itxc20/46/supl?nav=tocList.
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>
> The issue begins with a brief
> foreword by Roger O McClellan,
> DVM,
> MMS, DSc[Honorary], Diplomate-ABT, followed by five papers prepared by
> the Glyophosphate Panel. It is especially worth noting the
> comprehensive "Declaration of Interests"
> statements for each of the papers. Such DOI statements routinely
> accompany each article published in CRT. These strong statements are
> probably among the most comprehensive published today in scientific
> journals.
>
>
> It is also worth noting that the
> papers were extensively reviewed by a total of 27 independent
> Reviewers; several individuals reviewed all five papers..!! The
> Reviewers' comments proved very useful to the authors and contributed
> to increasing the overall quality of the published papers and the
> entire Special Issue.
>
> It is my understanding that the US
> Environmental Protection AGency (EPA) will be holding a 3-day meeting
> later this month focusing on Glyphosate. The papers in this Special
> Issue are available (open access) which should encourage readership.
> I understand that the European Food Safety Authority (EFSA) has become
> quite interested in Glyophosate. Also, the broader issue of how the
> International Agency for Research on Cancer (IARC) approaches
> evaluating the "carcinogenic hazard" of various agents is becoming
> of increasing concern and interest.
>
> DwN
>
>
>
> http://tandfonline.com/toc/itxc20/46/supl?nav=tocList
>
>
>
>

Total Quality. Assured.

CONFIDENTIALITY NOTICE

This email may contain confidential or privileged information, if you are not the intended recipient, or the person 
responsible for delivering the message to the intended recipiènt then please notify us by return email immediately. 
Should you have received this email in error then you should not copy this for any purpose nor disclose its contents to 
any other person.
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(14) All communications with any of the authors of Williams, et ah, A Review o f the 
Carcinogenic Potential ofGlyphosate by Four Independent Expert Panels and 
Comparison to the IARC Assessment 46 Crit. Rev. Toxicol. 3-20 (2016), including all 
communications with any of the authors of the four companion papers by the Intertek 
Expert Panel, related to GBs, AMPA, and/or surfactants for GBFs.

Response:

As noted above, the primary communications between authors and the Editor are initially 

conducted electronically using the Manuscript Central/Scholar One system provided by the 

publisher, Taylor and Francis. After critical review and acceptance by the Editor-in-Chief, the 

accepted manuscripts are electronically transferred to the Central Article Tracking System 

(CATS) operated by Taylor and Francis. The CATS system is used for processing o f the 

accepted manuscripts, including production of galley proofs for review and approval by the 

authors before proceeding to on-line publication. CATS is maintained and used by Taylor and 

Francis to publish the approximate 2600 journals in its portfolio.

As Editor-in-Chief, I do not maintain files to duplicate the CATS system.

RM 000456



A A V ,

MARILYN J. AARDEMA, Ph.D.

mjaardem www.linkedin.com/in/marilynaardema

PRESIDENT, MARILYN AARDEMA CONSULTING, LLC
Solving complex global safety and regulatory genetic toxicology issues

Internationally recognized expert and leader in the field of toxicology, specializing in genetic 
toxicology. High-achieving professional who leverages expertise to readily develop successful 
strategies that meet critical business needs. Extensive experience identifying emerging issues 
and solving complex problems across diverse product categories. Active involvement In 
influential multi-disciplinary teams and global scientific/policy expert groups leads to state-of-the 
art solutions to genetic toxicology issues.

Areas of Expertise Include:

• High-impact strategy development

• Complex problem solving

• Design of optimal testing strategies

• Management of contract research 
organization testing

• Design and manage new assay 
development and validation

• Building and leading multi-disciplinary 
global teams

• Communicating complex technical 
information

• External influence

• Regulatory guideline development

• Scientific writing

PROFESSIONAL EXPERIEN CE

MARILYN AARDEMA CONSULTING, LLC. Fairfield OH Jan 2010 to present

President, Marilyn Aardem a Consulting, L L C
• Providing expert solutions to pharmaceutical, consumer products, chemical Companies, to

scientific expert groups, and to industry associations in support of human safety 
assessments

BIORELIANCE CORPORATION. Rockford MD Nov 2010 to May 2012

C h ie f Scien tific  Officer, Toxico logy
• Oversight os BioReliance’s Toxicology division
• Developing guidance and strategies for new services offerings
• Expert solutions to BioReliance clients
• Represented BioReliance as leader in external scientific communities

RM 000782
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MARILYN J. AARDEMA - P age 2

PROCTER & GAMBLE (P&G), Cincinnati, OH 1985-2010

Principal Scientist, Central P roduct Sa fe ty  1994-2010
• Leader of P&G genetic toxicology group and Genotoxicity Expert Team for dealing with 

complex issues.
• Managed overall genetic toxicology battery design/risk assessment/external defense of 

key ingredients for diverse products worldwide.
• Leader in new assays/genetic toxicology approaches including development of novel 3D 

human skin micronucleus assay; lead of multi-cosmetic industry project on 3D skin 
genotoxicity assays for cosmetics; novel screening approaches, P&G nanogenotoxicity 
research, global evaluation of invitro micronucleus assay, reducing and eliminating 
animal use in genetic toxicology.

• Leader of a multi-disciplinary P&G Toxicogenomics team; co-led ILSI Toxicogenomics 
Genotoxicity Team

• Trained and mentored numerous young scientists
• Leader of internal and external scientific teams and workshops on harmonizing genetic 

toxicology testing approaches, guidelines, genetic toxicology assay protocols
• Interfaced with global regulatory scientists

S en io r Scien tist, Central P roduct S a fe ty  1993-1994
• Leader of P&G genetic toxicology group. Managed global genetic toxicology battery 

design/risk assessment.
• Developed screening approaches for genetic toxicology safety assessments including a 

microwell micronucleus assay,
• Member of various external scientific leadership groups including OECD US experts, 

ECETOC, AIHC.

S ta ff Scien tist, Group Leader, Human S a fe ty  Departm ent 1985-1993
• Designed and managed cytogenetic assays for P&G global safety assessments
• Designed, conducted research on aneuploidy, germ cells, cell transformation, 

mechanisms of genotoxicity
• Conducted research on thresholds resulting in establishment of an indirect mechanism 

and threshold for sodium fluoride
• Member of various external groups providing guidance on thresholds, aneuploidy, 

pharmaceutical testing

Prior Experience Includes: The Upjohn Company, Kalamazoo, Ml, Intern

EDUCATION

Ph.D. Genetics, University of Tennessee-Oak Ridge Graduate School of Biomedical 
Sciences Oak Ridge National Laboratory Oak Ridge, TN 1981-1985

B.S. Biology, Hope College Holland, Ml 1977-1981

AWARDS AND HONORS

Environmental Mutagen Society Alexander Hollaender Award for outstanding contributions to 
environmental mutagen research and for global leadership in applied genetic toxicology, Sept. 
2012
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MARILYN J .  AARDEMA - P age 3

Genetic Toxicology Excellence in Science Award Oct. 2012

PROFESSIONAL ACTIVITIES

Member, Society of Toxicology, 2011-present

Member, Genetic Toxicology Association, 1991, Elected Board Member

Member, Environmental Mutagen and Genomics Society with numerous leadership roles 1983- 
present

Member, European Center for Ecotoxicology and Toxicology of Chemicals (ECETOC) Task 
Force on Aneuploidy 1993-1997

Member European Center for Ecotoxicology and Toxicology of Chemicals (ECETOC) 
Threshold-mediated Mechanisms Task Force 1997-1999

Member, American Industrial Health Council (AIHC), Co-Chair of the Mutagenicity 
Subcommittee, 1992-93

Member Mutagenicity subcommittee 1994-1999 

Member Molecular Epidemiology Task Group, 1998-1999

Member, International Congress on Harmonization (ICH 2) US Pharmaceutical Manufacturer's 
Association Genetic Toxicology Task Force, 1992-1998

Member, US Pharmaceutical's Manufacturer's Association Genetic Toxicology committee 1992
2009
Member, Ethylene Oxide Industrial Council Toxicology Task Group, Chemical Manufacturer's 
Association, 1992

Member, OECD US Experts on Genetic Toxicity Test Methods, 1994-present

Member, Toxicology Excellence for Risk Assessment (TERA) Peer Reviewer 1999-present

Member, International Association of Environmental Mutagen Societies Scientific Steering 
Committee 2000/2002
International Life Science Institute (ILSI), Health and Environmental Sciences Institute (HESI) 
Subcommittee on Application of Genomics to Mechanism Based Risk Assessment, Rapportuer, 
Genotoxicity Working Group 1999-2004

Invited reviewer, various National Institute of Environmental Health Sciences (NIEHS) 
contracts/proposals (e.g. In vivo cytogenetics contracts 1992; In vivo contract plan 1996, In vivo 
small business genetic toxicology contracts, 1997, etc.)

Scientific Advisor to Collaborative International Study on the Invitro Micronucleus Test 1998
2005
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MARILYN 3. AARDEMA - P age 4

Invited reviewer, International Life Sciences Institute’s (ILSI) Risk Science Institute, Peer 
Consultation on Genotoxicity for Categorization of “Inherent Toxicity “ to Humans under 
CEPA’99, for Health Canada, 2002

Invited reviewer, Project Proposal for Health Canada’s Genomics Research Program: 
Evaluation of Environmental Toxicogenomics for Use in Regulatory Toxicology & Risk 
Assessment, 2002
Invited Member, European Center for Validation of Alternative Methods (ECVAM) Committee: 
Establishment of timetables for the phasing out of animal experiments for cosmetics, 2003

Invited Member, European Center for Validation of Alternative Methods (ECVAM) Cell 
Transformation Steering Committee, 2004-present

Member, European Cosmetics Association (COLIPA) Animal Alternatives Genotoxicity 
Subgroup, 2004-2009
Chair, European Cosmetics Association (COLIPA) 3D skin genotoxicity steering committee 
2006-2009

Chair, European Cosmetics Association (COLIPA) 3D skin genotoxicity micronucleus subgroup 
2006-2009
Invited Member Steering Committee International Life Sciences Institute’s (ILSI) Risk Science 
Institute, Health and Environmental Sciences (HESI) Emerging issues Subcommittee on the 
Relevance and Follow-up of Positive Results in In Vitro Genetic Toxicity (IVGT) Testing, now 
Genetic Toxicology Technical Committee (GTTC) 2006-present

-Member, numerous workgroups including PigA, Data Interpretation, Germ cells, 
Nanomaterials, Framework for Adoption of New Test Methods, In Vivo Follow-up.

Invited, Editorial Board, Mutation Research, Genetic Toxicology Testing Section, 1994-2006

Invited, Editorial Board, Environmental and Molecular Mutagenesis, 1994-2008

Consultant to MatTek Small Business Initiative Research (SBIR) grant 2006-2007

Invited, Rapportuer, International Workshop on Genotoxicity Testing (IWGT) Invitro 
Cytogenetics Assay Working Group, Aug 2009

Invited, Member, International Workshop on Genotoxicity Testing (IWGT) Integration Working 
Group 2009-present

Institute for Invitro Sciences Scientific Advisory Panel 2007-2009 

AltTox Editorial Board 2007-2009

RoundTable of Toxicology Consultants 2010; 2012-present 

The American Society for Cellular and Computational Toxicology (ASCCT) 2010 

-Board of Directors ASCCT 2012-2015

Invited Reviewer NC3R grant 2010, 2011 (Human cell-based carcinogenicity assays)
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MARILYN J. AARDEMA - PAGE 5

Invited Reviewer Health Canada 2013

Invited, Editor Mutation Research, Reviews in Mutation Research 2014-present

PUBLICATIONS AND BOOK CHAPTERS

1. Gentile J . M., S. Gaff-Brown, M. J. Aardema, D. Clark, H. Blankespoor. Modification of Carcinogen 
Metabolism in Parasite-Infected Organisms, Archives of Environmental Health 40, 5-12, 1985
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1950-1978: Vols 1-3, U.S. Government Printing Office, 1983.

Acquavella JF. Assessing an Occupational Colorectal Cancer Cluster - A Unique Multi-Phased Approach. 
PhD Dissertation, State University of New York at Buffalo, 1988.

Acquavella JF. Direct written testimony submitted to the Occupational Safety and Health Administration 
on 1,3 butadiene epidemiology. November 1990.

Acquavella JF, Ireland BK, Leet T, Anne M, Farrell TF, Martens M. Epidemiologic studies of morbidity 
and mortality among alachlor manufacturing workers. Proceedings of the X II Joint CIGR, IAAMRH, 
JUFRO International Symposium: Health, Safety and Ergonomic Aspects in Use of Chemicals in
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Monsanto report number M SL 13819, November 1994.
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Acquavella JF. The Politics of Identity in Epidemiology. State University of New York at Buffalo School 
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PROFESSOR SIR COLIN BERRY

Date of Birth
Nationality
Status

28th September, 1937 

British
Married, 2 children

QUALIFICATIONS
MB BS (London) May 1961
MD (London) Sept 1968
PhD (London) May 1970
DSc (London) Nov 1992
Hon MD lonnina (Greece) Sept 2003

MRCPath Nov 1967
FRCPath April 1979
FFPM August 1989
FRCP July 1993
FFOM May 1995
FRCP (Ed) June 1998
F Acad Med Sci
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PREVIOUS APPOINTMENTS

House Physician Charing Cross Hospital July ‘61-Jan. ‘62

House Surgeon Charing Cross Hospital Jan. ‘62-July ‘62

Senior House Officer in 
Pathology

Charing Cross Hospital July ‘62-July ‘63

Registrar in Pathology Charing Cross Hospital July ‘63-July ‘64

Senior Registrar in 
Pathology

Fulham Hospital July ‘64-Oct. ‘64

Lecturer & Senior Lecturer 
in Morbid Anatomy

Hospital for Sick Children & 
Institute of Child Health, London

Nov. ‘64-Dec. ‘68

British Heart Foundation 
Senior Res. Fellow & Hon 
Lecturer in Pathology

Institute of Child Health, 
London

Jan. ‘68-Oct. 70

University Reader in Department of Histopathology, 
Pathology & Hon Consultant Guy’s Hospital Medical School 
Pathologist

Oct. ‘70-Sept 76

Deputy Director IRC Biomedical Materials, Queen 
Mary & Westfield College, London

Visiting Professor University of Singapore Oct. ‘88-Jan. '89

MAJOR APPOINTMENTS
Professor of Morbid Anatomy, The Royal London Hospital 
Director of the Pathological 
Institute, Consultant 
Histopathologist

Oct. 76

Dean-Elect and Dean The London Hospital Medical 
College

Dec. ‘92-July ‘94

Warden St Bartholomew’s & The Royal 
London School of Medicine & 
Dentistry

July ’94 -Sept ‘96
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DISTINCTIONS

Civil
Knight Bachelor, Birthday Honours List June

Undergraduate
Governors Clinical Gold Medal 
Llewllyn Scholarship 
Gordon M Holmes Prize in Medicine 
Norman C Lake Prize in Surgery 
Pierera Prize in Clinical Subjects 
Steadman Prize in Pathology 
Year Prizes in Orthopaedics

Otorhinolaryngology 
Ophthalmology 
Psychological Medicine 
Dermatology 

Huxley Prize in Physiology

Postgraduate
Gillson Scholarship in Pathology - Worshipful Society of 
Apothecaries of London 1967 -
Re-awarded 1970-
Founder Member by Distinction of the Faculty of
Pharmaceutical Medicine of the Royal College of Physicians
of London 1989
Corresponding Member, Rheinish-Westfalische Akademie der 
Wissenschaften May
Member, Deutsch Akademie der Naturforscher „Leopoldina“ Oct,
Honorary Fellow Faculty of Occupational Medicine of the
Royal College of Physicians May
Honorary Fellow of the University of Central Lancashire Oct
Corresponding Member, The German Pathological Society May
Honorary Fellow, The German Pathological Society May
Honorary Fellow, The British Toxicology Society March
Honorary Curator, The Deutsches Museum, Munich June 2006

1993

1968
1972

1993
1993

1995
1999
2002

2005
2006
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ADMINISTRATIVE POSTS AND APPOINTMENTS HELD

The London Hospital Medical College
Professor of Morbid Anatomy and Director of the Institute 

of Pathology 1976
Chairman of Academic Board, Academic Session 1989
Member of the Clinical Curriculum Group 
Member of the City and East London Confederation Joint 

Academic Committee 1988
Dean-Elect The London Hospital Medical College 1992
Dean, The London Hospital Medical College 1994
Warden and Vice Principal of Medicine and Dentistry,

Queen Mary and Westfield College 1994 - 1996

2002
1990

1994
1994

President
European Society of Pathology 1989

(President-Elect) 1987
Developmental Pathology Society 1976
British Academy of Forensic Sciences 2003

(President Elect) 2001
Chairman

Advisory Committee on Pesticides, Ministry of Agriculture,
Fisheries and Food 1988

(Member) 1981
Scientific Sub-Committee on Pesticides of the Ministry of 

Agriculture, Fisheries and Food and Department of Education 
and Science 1985

(Member) 1977
Committee of Dental and Surgical Materials 1982

(Member) 1978
Physiological Systems and Disorders Board of the Medical 

Research Council 1990
(Member) 1988

National Health & Medical Research Council Independent 
Panel of Assessors, Commonwealth of Australia 1982

Association of Professor of Pathology 1987
Union Européenne des Médecins Spécialistes, Board of Anatomie 

Pathology 1990
Council, Research Defence Society 1993

1991
1989
1980
2005
2003

1999
1988

1988 
1985 
1992 
1981
1992
1990
2000
1989
2001
1996

Master
The Worshipful Society of Apothecaries of the City of London 2003 -  2004 
(Senior Warden 2001 -2002, Junior Warden, 2000-2001)
Treasurer 2004-

Secretary
Foundation Secretary, Developmental Pathology Society 
Meetings Secretary, Association of Clinical Pathologists 
Hon Secretary, Association of Clinical Pathologists 
Secretary, Federation of Associations of Clinical Professors

1971 - 1975 
1980- 1982 
1982- 1985 
1987-1990



Member
Medical Research Council
Toxicology Group, Expanded Programme on Human 

Reproduction, World Health Organization

Committee of Toxicity of Chemicals in Food, Consumer Products 
and the Environment 

Committee on Safety of Medicines 
Committee on Safety of Medicines Advisory Panel 
Scientific Committee for Pesticides of the Commission of the 

European Communities
General Dental Council’s Panel of Visitors of Examinations 
Research Defence Society Council
N.E. Thames Regional Research and Development Committee

1990-1994
1979- 1985, 
1987- 1989, 
1992
1984- 1989 
1990-1992 
1994- 2002
1985-1989 
1985- 1987 
1992 - 1998 
1992 - 1994

Ministry of Agriculture, Fisheries and Food Pesticide Safety 
Directorate Ownership Board 

General Medical Council 
Council of the British Toxicology Society 
General Dental Council
Steering Committee on Environment and Health European 

Science Foundation
Member of the Gulf War Investigation Illness Research 

Programme Steering Committee.
Member of the Evaluation Board, National Institute for Clinical 
Excellence
Member of the Board of Science and Policy Advisors,
The American Council on Science and Health 
Programme Committee, European Science Open Forum 2004 
Steering Committee, European Science Open Forum 2006. 
Advisory Board, The Scientific Alliance 
Advisory Council, Sense About Science

1993-1999
1993- 1996
1994- 1996 
1994- 1996
1996- 2000
1996- 2000
1999 - 2002
2002 -

2000 - 2004 
2004- 2008 
2003
2003-

Royal College of Pathologists
Assistant Registrar 1981 - 1984
Treasurer 1988- 1993

Scientific Advisor
Ministry of Agriculture Scientific Advisor to the British Industrial
Biological Research Association 1986 - 1989

Chief Medical Officer’s Committees
Standing Medical Advisory Committee 1988 - 1992
Academic Forum 1988- 1991

Charitable
Advisor, The Infantile Hypercalcaemia Foundation Medical 

Advisory Panel 1980-
Chairman of Trustees of Advance in Medicine (AIM), a medical 

charity of The Royal London Hospital 1984- 2002
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2005-

And several other medical charities

Appeals Committee, Royal College of Pathologists 
Appeals Committee, Royal College of Pathologists
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EXAMINATION APPOINTMENTS

External Examiner for BSc examinations in London Colleges (Anatomy and Pathology) 
and in Manchester University, The University of Glasgow and of Wales 

Final BDS (Pathology) for the Schools of Dentistry of the Universities of London,
Cardiff, Edinburgh and Leeds

Senior Examiner for the Final MB BS (Pathology) University of London 
External Examiner for the Final MB BS (Pathology), Universities of Cambridge, Wales 

Belfast and Oxford
Visiting Examiner in Pathology of the University of Benin, Nigeria, the National 

University of Singapore, and Chinese University, Hong Kong 
External Examiner in Applied Toxicology, University of Surrey
I have also acted as Examiner for more than 40 PhD or MD theses in the Universities 
of London, Manchester, Cambridge, Guilford, Dublin, Leicester and Liverpool and for the 
University of Christchurch, New Zealand
Member of the Panel of Examiners for the Final MRCPath (Histopathology and Toxicology).

External Examiner DSc, Liverpool 
Local Examiner for (i) Part I BDS and 

(ii) MB BS Pathology
Member of the MD Panel, University of London

OTHER PROFESSIONAL ACTIVITIES

I was Joint Managing Editor of the Journal “Virchows Archiv” for 25 years.

I am a member of the Editorial Boards of:
Archives of Toxicology
British Journal of Experimental Pathology
Human Toxicology
Journal of Pathology
Patologica

I am a referee for:
Annals of Contemporary Diagnostic Pathology
Archives of Diseases in Childhood
British Heart Journal
British Journal of Surgery
British Medical Journal
Carcinogenesis
Journal of Cardiovascular Research 
Journal of Clinical Pathology 
Journal of Hypertension 
Journal of Medical Genetics 
Journal of Pathology 
Lancet
Medicine, Science and the Law 
Nature
Paediatric Research

and have reviewed books for these and other journals
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INTERNATIONAL BODIES
I continue to serve on a Commission of the Portuguese Government on the development of new 
medical schools 2000-
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MAJOR INVITED LECTURES

Arris and Gale Lecturer, Royal College of Surgeons of England 1973
Sir Frederick Bawden Lecturer, British Crop Protection Council 1990
John Hull Grundy Lecturer, Royal Army Medical College 1992
Distinguished Visitor Lecture, College of Pathologists of 

Australia, Cairns Sept 1993
Lucas Industries Lecturer, Royal College of Physicians May 1994
Gesselschaft Deutscher Chemiker Lecturer, Bayer AG
Leverkusen, Germany Nov 1994
The Royal Institution of Great Britain; Friday Evening Discourse Feb 1995
Plenary Lecture 6th International Congress of Toxicology,

Seattle July 1995
First Anniversary Lecture, University of Central Lancashire July 1996
5th Robert Lane Lecturer, University of Manchester Nov 1996
Apothecaries'Lecture, Society of Occupational Medicine Feb 1997
‘ASCEPT Toxicology Lecture, Brisbane Sept 1997
Sentry Farming Conference'Farming‘98’, Cambridge Feb 1998
Plenary Lecturer 9th International Congress of Pesticide Aug 1998
Chemistry, London
National Farmers Union Annual Address Feb 1999
University of Ontario (Guelph) 125th Anniversary Lecture March 1999
The Institute of Biology Northern Branch Charter Lecture, Oct 2000
University of Newcastle upon Tyne
The Royal Institution of Great Britain; Friday Evening Discourse March 2001
International Life Science Institute; Plenary lecture. Miami Jan 2002
Scientific Alliance; Risk and GM Crops meeting. March 2002
Public Debate with the Secretary of State for Agriculture
Bloomberg Auditorium. London Jan 2004
Society of the Chemical Industry; Plenary lecture. Edinburgh March 2004
The Precautionary Principle, ESOF 2004. Stockholm August 2004
The Sir Michael Davies Lecture, The Expert Witness Institute April 2005
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Presidential Address, BAFS June 2005

DANA Institute for the Brain, London Nov 2006

Agrochemical Forum, Berlin Sept 2007

British Potato Council, Harrogate Nov 2007

EPPA -  Animals and toxicity testing, Brussels 
(High Level EC workshop)

April 2008

University of Surrey, Foundation Lecture July 2008

Syngenta Foundation; World Food Day Lecture Oct 2008

The Royal Institution of Great Britain; Wellcome Series Lecture Oct 2008

CEFIC Long range initiative Address Nov 2008

American Society of Toxicology, Washington, DC 
(Plenary lecture).

Dec 2008

The Sir Roy Cameron Lecture of the Royal College of Pathologists May 2009

The Minty Lecture, The Medico-Legal Society October 2009

Inaugural Lecture. SCAHT. Geneva November 2009

Plenary Lecture, IUPAC, Melbourne, Australia July 2010

3rd Environmental Lecture, The South London Botanical Institute October 2010

Principal Lecturer, Swiss Society of Toxicology, Basle November 2010

Toxicology Forum, Lisbon March 2011

SCI, Science for Policy. London October 2011

ANVISA, Brazil December 2011

University of Surrey, Anniversary Lecture June 2012

Eponymous Lecture, The Medical Society of London May 2013

Plenary Lecture, Eurotox, Interlaken 2013 September 2013

Plenary Lecture, Toxicology Forum 34th Annual meeting. Brussels. October 2013

Sir William Paton Lecture of the British Toxicology Society April 2014

NC3Rs, London. Publication Bias Feb 2015

Olavian Lecture, St Olaves, Orpington Nov 2015
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DAVID J. BRUSICK, Ph.D., A.T.S.
Consultant

Telephone 
E-mail Brusiek4

EDUCATION
University of Virginia, Darden School of Business, The Executive Program, 1991 
NAS/NRC Postdoctoral Fellow 1970-1971.
Ph.D., Microbial Genetics, Illinois State University, Normal, Illinois, 1970.
M.S., Genetics, Illinois State University, Normal, Illinois, 1965.
B.S., Biology, University of Illinois, Urbana, Illinois, 1963.

BACKGROUND
2005-2015 

2003 -  2005

2000 -  2003 
1996- 1999 
1995 - 1996 
1988 - 1995

1986- 1987

1985-1986

1984- 1985

Independent Consultant in Genetic Toxicology and General Toxicology

Vice President, Global Resource Management, Covance Labs Inc. (Retired 
7/1/05)
Vice President, Global Toxicology, Covance Labs Inc.
Global Vice President Toxicology, Covance Laboratories Inc.
Director Covance Labs NA Toxicology
Director, Corning Hazleton North America Toxicology, Corning Hazleton Inc., 
Vienna, Virginia.
Director, Molecular Toxicology Division, Hazleton Laboratories America, Inc., 
Kensington, Maryland.
Vice President, Biological Laboratories Division, Hazleton Biotechnologies, 
Kensington, Maryland.
Vice President, Biological Safety Evaluation Directorate, Litton Bionetics, Inc., 
Kensington, Maryland.
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1981 - 1984 Vice President, Molecular Sciences Directorate, Litton Bionetics, Inc., 
Kensington, Maryland.

1974- 1981 Director, Department of Molecular Toxicology, Litton Bionetics, Inc., 
Kensington, Maryland.

1971 - 1974 Assistant Professor of Microbiology, College of Medicine, Howard University, 
Washington, D.C.

1970 - 1971 National Academy of Sciences, National Research Council Postdoctoral Research 
Associate, Genetic Toxicology Branch. U.S. Food and Drug Administration, 
Washington, D.C

1968- 1970 Graduate Research and Teaching Assistant, Department of Biology, Illinois 
State University, Normal, Illinois.

1963- 1967 Graduate Research and Teaching Assistant, Department of Biology, Illinois 
State University, Normal, Illinois.

ACADEMIC APPOINTMENTS
1981 -2003 Adjunct Associate Professor in the Department of Biological Sciences, George

Washington University, Washington, D.C.

1985-2000 Adjunct Associate Professor in the Department of Genetics and Human
Genetics, Howard University, College of Medicine, Washington, D.C.

1967- 1968 Assistant Professor of Biology, Bridgewater College, Bridgewater, Virginia.

BUSINESS EXPERIENCE
• Graduate of the University of VA Darden Business School's Executive Program in 1991
• Established the first commercial Genetic Toxicology testing laboratory in the United States in1974.
• Established a Genetic Toxicology testing laboratory in Europe (The Netherlands) for Litton Bionetics 

(1978).
• Managed the global toxicology business for Covance Labs (over 1,000 staff with annual revenues of 

more than $200 million).
• Increased the productivity and operating profits of Covance toxicology businesses by 200% during a 5 

year period from 1995-2000.
• Developed and implemented a Resource Management infrastructure across the entire global Covance 

organization.
• Created the first automated system for client's to have direct access to their study data in toxicology 

(now known as StudyTracker™).
• Developed and implemented an activity (metric)-based cost estimation system for Covance testing 

services.
• Provided consulting services for the development and expansion of contract toxicology research 

laboratories in China (2005-2007).
• Consultant to major international pharmaceutical, chemical and agrochemical companies.
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SCIENTIFIC EXPERIENCE
Scientific Director, Corning Hazleton Inc., Vienna, VA. Manager of mammalian toxicology and pathology 
sciences.
Principal Investigator on mutagenicity testing contracts from agencies of the Federal government (e.g. EPA, 
FDA, NIEHS, NIOSH, DOD) and private sponsors.
Research experience in mutagenicity of chemical carcinogens and other environmental agents, carcinogen 
mechanisms. Research included in vitro and in vivo investigations.
Scientific Director of mutagenicity testing and molecular toxicology for Hazleton Laboratories worldwide. 
Member of the editorial board of three scientific journals in genetics and toxicology. (Mutation Res., Environ. 
Molec. Mutagenesis, Toxicological Sciences).
Associate Editor for Toxicological Sciences 1998 -  2003.
Editor of In Vitro Toxicology, an international journal published by Mary Ann Liebert, Inc. (1988-1993). 
Member of U.S. National Academy of Sciences Committees with Mutagenesis and Toxicology -
(1) Diesel Impact Committee and (2)Toxicology Data Elements Committee .
Chairman of a National Research Council subcommittee on the toxicological significance of DNA adducts. 
Member of the International Commission for Protection Against Environmental Mutagens and Carcinogens 
(1986 - present). Chairman 1989 - 1995.
Past President of the U.S. Environmental Mutagen Society (1978).
Panel Member of the U.S.-Japan Environmental Mutagen Cooperative Program (1977-1979).
Councilor to the EMS Society.
Member of the Steering Committee for the EPA on the Gene-Tox Program for Genetic Testing Evaluation. 
Member of NIH Study Section on Toxicology, 1992-1996.
Consultant to government agencies and private industrial firms regarding mutagenesis testing.
Member of the Center for Alternatives to Animal Testing (CAAT), Technology Transfer Committee.
Board Member, Academy of Toxicological Sciences (1990-1993).
Board Member, Industrial In Vitro Toxicology Group (1989-1995).
Secretary/Treasurer, Academy of Toxicological Sciences (1995-1996).
Lecturer for Mid-America Toxicology Course (1983-Present).
Member of several EPA advisory panels (e.g. Acrylamide; Arsenic)
Consultant to major pharmaceutical and chemicals companies, trade associations (ACC, ILSI) and 
regulatory agencies (US FDA, US EPA).
Special Issue Editor for Food Chemical Toxicology journal: Safety of Steviol Glycosides. 2008 
Associate Editor, Food and Chemical Toxicology, 2009-2014 
Senior consultant to Covance Nonclinical operations 2005-2012
Advisory Board Member for Hua Zheng Primate Breeding Center Guangzhou, China 2007-2012 
Advisory on EPA’s Assessments of Carcinogenic Effects of Organic 
and Inorganic Arsenic: An Advisory Report of the US EPA Science 
Advisory Board, 2006

MEMBERSHIPS
•  Environmental Mutagen Society
•  Society of Toxicology
•  Academy of Toxicological Sciences

HONORS/AWARDS/CERTIFICATIONS
Chairman, International Commission for the Protection against Environmental Mutagens and Carcinogens 
(1989-1995).
President, Environmental Mutagen Society (1978-79)
EMS, Environmental Mutagenesis Recognition Award, 1984.
Toxicology Fellow, The Academy of Toxicological Sciences.
Alumni Achievement Award, Illinois State University, 1994.
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Selected for Illinois State University Hall of Fame, 2004.
Illinois State University Distinguished Alumni Award, 2008

PUBLICATIONS
Brusick, D.J.: Reversion of acridine mustard-induced ad-3 mutants of Neurosporacrassa. Mutat. Res., 
8:247-254, 1969.
Brusick, D.J.: The mutagenic activity of ICR-170 in Saccharomyces cerevisiae. Mutat. Res., 10:11-19, 
1970.
Pittman, D. and Brusick, D.J.: Detection of presumptive basepair substitution and frameshift mutations in 
Saccharomyces cerevisiae. Molec. Gen., 111:352-356, 1971.
Brusick, D.J. and Legator, M.S.: Utilization of S. cerevisiae in the host-mediated assay. Environ. Mutagen 
Soc. Newsletter, 4:30, 1971.
Zeiger, E. and Brusick, D.J.: The host-mediated assay: A protocol for Salmonella and Saccharomyces. 
Environ. Mutagen Soc. Newsletter, 5-32, 1971.
Brockman, H.E., Brusick, D.J. and Ong, T.: Mutagenic activity of acridine mustards in Neurospora crassa. 
Florida State University Alumni Studies Conference, Vol. II, Session 4, 1971.
Brusick, D.J. and Zeiger, E.: A comparison of chemically induced reversion patterns of S. typhimurium and
S. cerevisiae mutants, using in vitro plate tests. Mutat. Res., 14:271-275, 1972.
Brusick, D.J.: Induction of cyclohexamide-resistant mutants in Saccharomyces cerevisiae with N-methyl-N’- 
nitro-N-nitrosoguanidine and ICR-170. J. Bacteriol., 109:1134-1138, 1972.
Brusick, D.J.: The mutagenic activity of -propiolactone in Saccharomyces cerevisiae. Mutat. Res., 15:425
434, 1972.
Brusick, D.J., Gletten, F. and Weekes, U.: In vitro liver microsome activation of chemical mutagens. Mutat. 
Res., 21:214, 1973 (Abstract).
Brusick, D.J. and Mayer, V.W.: New developments in mutagenicity screening techniques using yeast. 
Environ. Health Perspect., 6:83-96, 1973.
Brusick, D. and Andrews, H.: Comparison of the genetic activity of dimethylnitrosamine, ethyl 
methanesulfonate, 2-acetylaminofluorene, and ICR-170 in Saccharomyces cerevisiae strains D3, D4, and D5 
using in vitro assays with and without metabolic activation. Mutat. Res., 26:491-500, 1974.
Gletten, F., Weekes, U. and Brusick, D.: In vitro metabolic activation of chemical mutagens. I. Development 
of an in vitro mutagenicity assay using liver microsomal enzymes for the activation of dimethylnitrosamine to 
a mutagen. Mutat. Res., 28:113-122, 1975.
Weekes, U. and Brusick, D.: In vitro metabolic activation of chemical mutagens II. The relationships among 
mutagen formation, metabolism, and carcinogenicity for dimethylnitrosamine and diethylnitrosamine in the 
livers, kidneys, and lungs of BALB/cJ, C57B1/6J, and RF/J mice. Mutat. Res., 31:175-183, 1975.
Mayer, V.W., Hybner, C.J. and Brusick, D.J.: Genetic effects induced in Saccharomyces cerevisiae by 
cyclophosphamide in vitro without liver enzyme preparations. Mutat. Res., 37:201-212, 1976.
Brusick, D., Jagannath, D. and Weekes, U.: The utilization of in vitro mutagenesis techniques to explain 
strain, age, and sex-related differences in dimethylnitrosamine tumor susceptibilities in mice. Mutat. Res., 
41:51-60, 1976.
Brusick, D,: The genetic properties of betapropiolactone. Mutat. Res., 39:241-255, 1977.
Brusick, D. and Matheson, D.: Mutagenic evaluation of 1,1-dimethylhydrazine, methylhydrazine, and n- 
phenyl- -naphthylamine. In, Proceedings of the 7th Annual Conference on Environmental Toxicology, 13, 14, 
and 15 October 1976. Aerospace Medical Research Laboratory. Wright-Patterson Air Force Base, OH, pp. 
108-129, April 1977.
Brusick, D.J.: The role of short-term testing in carcinogen detection. Chemosphere, 5:403-417, 1978. 
Matheson, D., Brusick, D. and Carrano, R.: Comparison of the relative mutagenic activity for eight 
antineoplastic drugs in the Ames Salmonella/Microsome and TK-/-mouse lymphoma assays. Drug and 
Chemical Toxicology, 1:277-304, 1978.
Brusick, D.J.: Alterations of germ cells leading to mutagenesis and their detection. Environ. Health 
Perspect., 24:105-112, 1978.
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Brusick, D., Matheson, D., Jagannath, D., Braude, M. and Brockman, H.: Genetic screening of compounds 
used in drug abuse treatment I. Naltrexone hydrochloride Drug and Chemical Toxicology, 1:103-135, 1978.

PUBLICATIONS (Continued)
Brusick, D.: Genetic toxicology: Testing approaches. In, Proceedings of the 3rd Toxic Substances Control 
Conference, 4, 5, December 1978. Government Institutes Inc., Washington, D.C., pp. 63-70, December 
1978.
Dutta, S.K., Nelson, W.H., Blackman, C.F. and Brusick. D.J.: Lack of microbial and genetic response to 
2.45-GHz. CW and 8.5- to 9.6-GHz pulsed Microwaves Power., 14:275-280, 1979.
Brusick, D., Matheson, D., Jagannath, D., Goode, S., Lehowitz, H., Reed, M., Roy, G. and Benson, S.: A 
comparison of the genotoxic properties of tris (2,3-dibromopropyl) phosphate and tris (1,3-dichloro-2-propyl) 
phosphate in a battery of short-term bioassays. J. of Environmental Pathology and Toxicology, 3:207-226, 
1980.
Brusick, D.: Cellular effects in microbial tester strains caused by exposure to microwaves or elevated 
temperatures. J. of Environmental Pathology and Toxicology, 3:195-206, 1980.
Jagannath, D.R., D’Addario, A.P. and Brusick, D.: Mutagenic activity of 1-fluoro-2,4-dinitrobenzene in the 
Ames Test. Mutat. Res., 78:91-95, 1980.
Bakshi, K„ Brusick, D.J., Bullock, L.P. and Bardin, C.W.: Regulation of dimethylnitrosamine metabolism by 
androgenic hormones. Environ. Mutagen., 2:51-57, 1980.
Bakshi, K. and Brusick, D.: Bioactivation of dimethylnitrosamine in intrasanguinous, host-mediated assay 
and its association with in vitro mutagenesis assays. Mutat. Res., 72:79-89, 1980.
Brusick, D.J., Simmon, V.F., Rosenkranz, H.S., Ray, V.A. and Stafford, R.S.: An evaluation of the 
Escherichia coli WP2 and WPiUvrA reverse mutation assay. Mutat. Res., 76:169-190, 1980 
Kirwin, C.J., LeBlanc, J.V., Thomas, W.C., Haworth, S.R., Kirby, P.E., Thilager, A., Bowman, J.T. and 
Brusick, D.J.: Evaluation of the genetic activity of industrially produced carbon black. J. Toxicol. Environ. 
Health, 7:973-89, 1981.
Brusick, D., Matheson, D., Jagannath, D., Braude, M., Brockman, H. and Hung, C.: Genetic screening of 
compounds used in drug abuse treatment II. Methodone Drug and Chemical Toxicology, 4:1-18, 1981. 
Brusick, D., Matheson, D., Jagannath, D., Braude, M., Brockman, H. and Hung, C.: Genetic screening of 
compounds used in drug abuse treatment III. LAAM Drug and Chemical Toxicology, 4:19-35, 1981.
Sweeny, J.G., lacobucci, G.A., Brusick, D. and Jagannath, D.R.: Structure-activity relationships in the 
mutagenicity of quinone methides of 7-hydroxy-flavylium slats for Salmonella typhimurium. Mutat. Res., 
82:275-83,1981.
Brusick, D.J.: The future of short-term testing for mutagens and carcinogens. In, Trends in Pharmacological 
Sciences. Elsevier Biomedical Press, New York, 4(3): 111-115, March 1983.
Brusick, D.J., et al.: Screening strategy for chemicals that are potential germ-cell mutagens in mammals. 
Mutat. Res., 114:117-177, 1983.
Hinderer, R.K., Myhr, B., Jagannath, D.R., Galloway, S.M., Mann, S.W., Riddle, J.C., and Brusick, D.J.: 
Mutagenic evaluations of four rubber accelerators in a battery of in vitro mutagenic assays. Environ. 
Mutagen., 5:193-215, 1983.
Brusick, D.J.: Mutagenicity and carcinogenicity correlations between bacteria and rodents. Annals NYAS, 
164-176, 1983.
Sorenson, W.G., Whong, W., Simpson, J.P., Brusick, D.J., and Ong, T.: Genotoxic properties of 2,4,7- 
trinitro-9-fluorenone (MR 0793). Mutat. Res., 118:167-176, August 1983.
de la Iglesia, F.A., Lake, R.S., Fitzgerald, J.E., Bueding, E„ Brusick, D.: Bacterial mutagenesis and cell 
transformation assays of pyrvinium pamoate (Povan), an antiparasitic agent. J. Amer. Coll. Toxicol., 3: No. 
4:285-294, 1984.
Brusick, D.J.: Current trends in the development of short-term predictive toxicology assays. Concepts 
Toxicol., 1:190-199, 1984.
Dunkel, V.C., Zeiger, E., Brusick, D„ McCoy, E., McGregor, D., Mortelmans, K., Rosenkranz, H.S., and 
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8/2010

HRSA (1U4BH508564-01 -00)
Co-PI ($353,390)
Participate in substance abuse real-time case surveillance efforts utilizing our National 
Poison Data System as w'ell as local Department of Public Health partner agencies to look 
for trends and anomalies in Center call volume.

9/2001- Poison Control Stabilization and Enhancement Program
8/2004
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HRSA (6 H4BHS15490-03-01)

PI ($1,533,321)
Provide clinical expertise in the medical diagnosis, management and prevention of 
poisonings by maintaining a standard of excellence in research, professional development 
and public education.

9/2013- HRSA (H4BHS15490-07-00)
8/2016 PI ($1,278,513)

Provide clinical expertise in the medical diagnosis, management and prevention of 
poisonings by maintaining a standard of excellence in research, professional development 
and public education.

9/2010 -  Poison Control Stabilization and Enhancement Program
8/2013

Report of Local Teaching and Training
Teaching of Students in Courses

2002- Principles of Toxicology - EH 504
25 graduate students

Harvard School of Public Health
1 hour lecture
Prep time 4 hours per year

2012- Clinical Phannacology and Therapeutics Harvard Medical School 
PHM 350 100 medical students 2 hour lecture

Prep time 10 hours per year

Formal Teaching of Residents, Clinical Fellows and Research Fellows (post-docs)

1995-

1997-

Fellow/Staff Mock Code Lecture Series: 
Pediatric Emergencies + Toxicology 
5-15 pediatric residents and Harvard 
Medical students

Fellow/Staff Core Lecture Series: 
Toxicology Emergencies 
15-30 pediatric emergency medicine 
physicians

Division of Emergency Medicine, 
Boston Children's Hospital 
1 hour lecture 
Prep time 2 hours per year

Division of Emergency Medicine, 
Boston Children's Hospital 
1 hour lecture 
Prep time 3 hours per year

Clinical Supervisory and Training Responsibilities

2001 - Poison Center/Medical Toxicology 1 Harvard Medical student 4 hours per
Rotation week

50 Harvard Medical School students per 
year

5
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2 0 0 1 - Poison Center/Medical Toxicology
Rotation

4 residents and/or fellows per month 
50 Emergency Medicine Residents and 
Pediatric EM Fellows per year

Formally Supervised Trainees

2001-2003

2002-2004

2003-2005

2004-2006

2006-2008

2007-2009

2007-2009

2008-2010

2009-2011

Steven Salhanick, MD / Assistance Professor of Medicine, Harvard Medical School; 
Emergency Medicine/Toxicology Attending, Beth Israel Deaconess Medical Center 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum 
and mentorship that allowed both board certification in Medical Toxicology and also 
development of research interest in acetaminophen poisoning 
Heikki Nikkanen, MD / Instructor of Medicine, Harvard Medical School;
Emergency Medicine/Toxicology Attending, Mt. Auburn Hospital
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum
and mentorship that allowed both board certification in Medical Toxicology and also
development of research interest in cardiovascular poisons
Melisa Lai Becker, MD / Instructor of Medicine, Harvard Medical School;
Emergency Medicine/Toxicology Attending, Cambridge Hospital; Chief-The Whidden 
Hospital Emergency Department; Toxicology Program Director, Cambridge Hospital 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum 
and mentorship that allowed both board certification in Medical Toxicology and also 
development of interest in program clinical growth and administration 
Ann-Jeannette Geib, MD /Clinical Assistant Professor of Emergency Medicine,
UMDNJ Emergency Medicine/Toxicology Attending, UMDNJ-Newark, NJ
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum
and mentorship that allowed both board certification in Medical Toxicology and also
development of research interest in intralipid therapy
Mathew George, MD / Private Practice Pediatrics Middleton, New York
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum
and mentorship that allowed both board certification in Medical Toxicology and also
development of application o f poisoning prevention to private practice
Nadeem Al-Duaij, MD, MPH / Instructor of Medicine, Harvard Medical School;
Emergency Medicine/Toxicology Attending, Milton Hospital
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum 
and mentorship that will allow for both board certification in Medical Toxicology and also 
development of research interest in international antidotes 
Katie O’Donnell, MD / Instructor of Pediatrics, Harvard Medical School;
Toxicology & Hospitalist Medicine Attending, Boston Children's Hospital
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum
and mentorship that allowed for both board certification in Medical Toxicology and also
development of research interest in pediatric poisonings
Nilam Patil, DO / Clinical Fellow in Toxicology, Children's Hospital Boston
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum
and mentorship that will allow' for both board certification in Medical Toxicology and also
development of research interest in toxicology screen interpretation
Kishan Kapadia, DO / Clinical Fellow in Toxicology, Children's Hospital Boston
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum
and mentorship that will allow for both board certification in Medical Toxicology and also
development of research interest in EKG/tricyclic antidepressant poisonings

6
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2 0 1 0 - 2 0 1 2

2011-2013

2012-2014

2013-2015

2014-2016

2015-2017

Russ Berger, MD/ Instructor of Medicine, Harvard Medical School 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum 
and mentorship that allowed for both board certification in Medical Toxicology and also 
development of research interest in dabigatran anticoagulant adverse effects.
May Yen, MD/Clinical Fellow in Toxicology, Boston Children’s Hospital 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum and 
mentorship that will allow for both board certification in Medical Toxicology and also 
development of research interest in pediatric sulfonylurea ingestions.
Diana Felton, MD/Clinical Fellow in Toxicology, Boston Children’s Hospital 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum and 
mentorship that will allow for both board certification in Medical Toxicology and also 
development of research interest in overdoses that mimic brain death.
Rebeccal Bruccoleri, MD/Clinical Fellow in Toxicology, Boston Children’s Hospital 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum and 
mentorship that will allow for both board certification in Medical Toxicology and also 
development of research interest in xenobiotics with clinically significant EKG changes. 
Bradley Demeter, MD/Clinical Fellow in Toxicology, Boston Children’s Hospital 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum and 
mentorship that will allow for both board certification in Medical Toxicology and also 
development of research interest in predictors of toxicity in pediatric clonidine ingestions. 
Michael Toce, MD/Clinical Fellow in Toxicology, Boston Children’s Hospital 
Harvard Medical Toxicology Fellowship Director; provide clinically robust curriculum and 
mentorship that will allow for both board certification in Medical Toxicology and also 
development of research interest in predictors of toxicity in pediatric buprénorphine 
ingestions.

Formal Teaching of Peers (e.g., CME and other continuing education courses)
1998 Emergency Medicine into the 21st Century. 

“Pediatric Overdoses: Management and Strategies” 
Massachusetts General Hospital and Brigham & 
Women’s Hospital CME Course

Single One Hour Lecture 

Boston, MA

2004 Review of Pediatric Toxicology 
American College of Emergency Physicians: Life
Long Learning CME

Single One Hour Lecture 
Boston, MA

2009 Pediatric Toxicology Updates 
Massachusetts General Hospital: Emergencies & 
Procedures in Pediatrics

Single One Hour Lecture 
Boston, MA

2012 Updates in Pediatric Toxicology
BCH Division of Emergency Medicine CME Course

Single 45 Minute Lecture 
Boston, MA

Pediatric Toxicology-One Pill can Kill
BCH Division of Emergency Medicine CME Course

Single 45 Minute Lecture 
Boston, MA

7
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Local Invited Presentations

1998

1999

2000

2001

2002

2007

2009

2012

2012

2013

2014

2015

Certified Specialists in Poison Information Annual Board Review Course / Lecture 
MA & R1 Poison Control Center

Pediatric Firm Rounds Seminar: Herbal Preparations & Theophylline resulting in 
Ventricular Tachycardia / Lecture 
Children's Hospital Boston

Harvard Affiliated Emergency Medicine Residency Lecture Series: Pediatric Toxicology / 
Lecture
Brigham & Women’s Hospital, Massachusetts General Hospital

Beth Israel Emergency Medicine Residency Lecture Series: Pediatric Toxicology / Lecture 
BIDMC

Toxicology & Pediatric Advanced Life Support / Anesthesia Grand Rounds 
Children's Hospital Boston

Updates in Pediatric Toxicology / Pediatric Grand Rounds 
Children's Hospital Boston

Bites & Stings / Pediatric Grand Rounds 
Children's Hospital Boston

Pediatric Toxicology Updates/Emergency & Critical Care Communication Didactic Series 
Boston Children’s Hospital

Poison Prevention Week: Impact o f Adult Prescription Use on Pediatric Ingestions 
Massachusetts State House/Department of Public Health

Poison Prevention Week: The Opioid Epidemic 
Massachusetts State House/Department of Public Health

Poison Prevention Week: Poisoning Prevention Strategies 
Massachusetts State House/Department of Public Health

Poison Prevention Week: Medication Safety
12
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Massachusetts State House/Department of Public Health

Report of Regional. National and International Invited Teaching and 
Presentations
Invited Presentations and Courses 
Regional
Those presentations below sponsored by outside entities are so noted and the sponsor is identified
1996 American Academy o f Pediatrics Annual Meeting, Section on Emergency Medicine.

Platform case presentation for the Emergi-Quiz Fellows’ Competition: “Weakness in a 
15 year old trauma patient” / Case Presentation / Lecturer 
Boston, MA

1997- Toxicology Lecture to Pharmacy Students / Lecture / Lecturer
Boston, MA (Massachusetts College of Pharmacy and Allied Health)

2002-2003 New England Regional Toxicology Conference: Poisoning Case Studies / Lecture 
Lecturer and Course Director
Boston, MA (New England Poison Control Center Consortium)

2005 “Pediatric Toxicology: Antidotes and the Evidence Behind Them” / Grand Rounds
Hasbro Children’s Hospital, Rhode Island

2005 “Pediatric Toxicology Emergencies” / Grand Rounds
Framingham Metrowest Hospital, MA

2005 “Pitfalls in Pediatric Poisoning” / Grand Rounds 
Connecticut Children’s Hospital

2006 “Agents of Opportunity” Bioterrorism Course / Invited Lecturer
Hasbro Children’s Hospital, Rhode Island (American College of Medical Toxicology)

2007 “Agents of Opportunity” Bioterrorism Course / Invited Lecturer 
Berkshire Medical Center, MA (American College of Medical Toxicology)

2007 “Updates in Pediatric Toxicology” / Grand Rounds 
South Shore Hospital, MA

2008 “Poison Centers and NBC Antidotes” / Invited Lecturer 
Boston, MA (Massachusetts Department of Public Health)

2010 “Agents of Opportunity” Bioterrorism Course / Invited Lecturer
Hanscomb Air Force Base, Lexington, MA (American College of Medical Toxicology)

2011 “Pediatric Toxicology Updates’VPediatric Grand Rounds 
South Shore Hospital S. Weymouth, MA

2012 “Updates in Pediatric Poisonings’VGrand Rounds 
Holy Family Hospital Methuen, MA

13
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2013

Natioi
1999

2004

2004

2004

2004

2005

2006

2010

2010

2011

2011

2011

2011

2012

“Updates in Pediatric Substance Abuse’YPediatric Grand Rounds 
South Shore Hospital S. Weymouth, MA

Herbal Toxicities Workshop / Invited Lecturer
San Francisco, CA (Pediatric Academic Societies’ Annual Meeting)

Workshop on Nuclear, Biological, and Chemical Terrorism Exposures: Diagnosis, 
Treatment Recommendations, and State-of-the-Art Resources / Invited Lecturer 
San Francisco, CA (Pediatric Ambulatory Societies’ Annual Meeting)

Plenary Session: Digoxin Poisoning - Who Needs Treatment? / Invited Lecturer 
Seattle, WA (American College o f Medical Toxicology Annual Symposium)

Plenary Session: Pediatric Arsenic Poisoning/Invited Lecturer
Seattle, WA (American Academy of Clinical Toxicology Acute Care Symposium)

Plenary Session “CNS and Pyschotropic Drugs” American College of Medical 
Toxicology Board Review Course / Invited Lecturer 
Dallas, TX (American College o f Medical Toxicology)

Industrial Toxicology North American Congress of Clinical Toxicology Annual Meeting 
/ Case Presentation
Orlando, FL (American College o f Medical Toxicology)

Plenary Session “Analgesics & Antimicrobials” American College of Medical 
Toxicology Board Review Course / Invited Lecturer 
Dallas, TX (American College o f Medical Toxicology)

“Pediatric Toxicology Updates”/ Grand Rounds 
Mt. Sinai Medical Center, New York, NY

“Neonatal Abstinence Syndrome” American College of Medical Toxicology Symposium 
North American Congress Clinical Toxicology Annual Meeting, Denver CO

Plenary Session: “Weight Loss Drug Abuse in Teenagers: The Skinny”
American College of Medical Toxicology Annual Meeting, Clearwater FL

Panel Discussion: “Drugs of Abuse: Pediatric Clinical Cases”
American College of Medical Toxicology Annual Meeting, Clearwater FL

Plenary Session: “Recreational Drug Toxicity: A Pediatric Perspective”
European Association of Poison Centers and Clinical Toxicologists Annual Congress, 
Dubrovnik, Croatia

Plenary Session: “Updates in Pediatric Toxicology”
Managing Medical Emergencies Medical Conference: Elliot Hospital, Manchester NH

Plenary Session: “Pediatric Opioid Toxicity”
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American College of Medical Toxicology Annual Meeting, San Diego, CA

2014 Plenary Session: “The Field of Medical Toxicology”
American College of Medical Toxicology Annual Meeting, Phoenix, AZ

Report of Clinical Activities and Innovations
Current Licensure and Certification 

Licensure
1995 Commonwealth of Massachusetts
1997 State of Georgia (Inactive)

Board Certification
1993 National Board of Medical Examiners
1995 American Board of Pediatrics
2002 American Board of Pediatrics Re-certification
2002 Pediatric Emergency Medicine SubBoard certification
2002 Medical Toxicology SubBoard certification
2012 Medical Toxicology S ubBoard Re-certi fication
2012 Pediatric Emergency Medicine SubBoard Re-certification
2012 American Board of Pediatrics Re-certification

Other Certification
1993 Neonatal Resuscitation Certification
1995 Massachusetts Controlled Substances Registration
1995 Advanced Cardiac Life Support Certification
1996 Basic Life Support Re-certification
1997 Drug Enforcement Administration Registration
1998 Pediatric Advanced Life Support Provider Re-certification
1999 Advanced Trauma Life Support Certification
2004 Pediatric Advanced Life Support Instructor Certification
2006 National Provider Identifier (NPI)
2010 Pediatric Advanced Life Support/ Advanced Cardiac Life Support Re-Certification
2012 Pediatric Advanced Life Support/ Advanced Cardiac Life Support Re-Certification
2014 Pediatric Advanced Life Support/ Advanced Cardiac Life Support Re-Certification

Practice Activities
1999- Staff Physician, Emergency 

Medicine
Children's Hospital Boston 
Emergency Department

Full-time (1-2 shifts per week 
including nights, holidays and 
weekends)

2000- Program Chief, Toxicology Children's Hospital Boston Full-time (admitting attending 
physician 80% of month)

2000- Medical Director Massachusetts & Rhode 
Island Poison Center

15
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Report of Education of Patients and Service to the Community
Activities
2001- American Association of Poison Control Centers

Annual Poison Prevention Week Outreach to Underserved Populations

Report of Scholarship
Publications

Peer reviewed publications in prin t or other media

1. Chumpa A, Kaplan R, Burns M, Shannon M. Nalmafene for elective reversal of pediatric sedation in 
children. Am J Emerg Med 2001; 19: 545-48.

2. Saidinejad M, Law T, Burns Ewald M. Interference by carbamazepine and oxcarbazepine with 
serum and urine screening assays for tricyclic antidepressants. Pediatrics 2007; 120 (3): e504-9.

3. Pories S, Bard T, Bell S, Borus J, Brodsky D, Burns M, Catic A, Fazio S, Fisher J, Frontado L, 
Garfield J, Fluang G, Peters A, Pian-Smith M, Quan S, Schwaitzberg S. A Writer's Toolkit. 
MedEdPORTAL, Association of American Medical Colleges; 2012. Available September 2012 from:
w\v\v.mededix>rtal.oru/publication/9238.

4. Levine M, Froberg B, Ruha AM, Burns Ewald M, Yen M, Claudius IA, Arthur AO, Tormoehlen L, 
Thomas SFT. Assessing the toxicity and associated costs among pediatric patients admitted with 
unintentional poisonings of attention-deficity/hyperactivity disorder drugs in the United States. Clin 
Toxicol 2013; 51 (3): 147-50.

5. Burghardt L, Brownstein J, Burns Ewald M, Bronstcin A, Bourgeois FT. Impact of adult 
prescription drug use on pediatric exposures and ingestions. Pediatrics 2013; 132 (1) 18-27.

6. Tay KY, Burns Ewald M, Bourgeois FT. Use of QT prolonging medications in US Emergency 
Departments, 1995-2009. Pharmacoepidemiology & Drug Safety. 2014; 23 (1); 9-17.

7. Lebowitz M, Olson K, Burns M, Harper M, Bourgeios F. Drug-Drug interactions among hospitalized 
children receiving chronic antiepileptic drug therapy. Pediatric Hospitalist (Accepted with revisions
August 2015.

Non-peer reviewed scientific or medical publications/m aterials in prin t or other media

1. Burns M. Activated charcoal as the sole intervention for treatment after childhood poisoning. Current 
Opinion In Pediatrics: Therapeutics and Toxicology section. 2000;12: 166-71.

2. Burns M. Advances and Controversies in Pediatric Toxicology: Herbal Preparations. Clin Pediatr 
Emerg Med 2000;1:186-190.
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3. Burns M. Toxicology. In: Sharma S, Wang V, editors. Review for Textbook of Pediatric Emergency 
Medicine. Philadelphia: Lippincott Williams & Wilkins; 2000. p. 254-63.

4. Burns M. Unusual Odors. In: Sharma S, Wang V, editors. Review for Textbook of Pediatric 
Emergency Medicine. Philadelphia: Lippincott Williams & Wilkins; 2000. p. 129-31.

5. Burns M. Dermatology. In: Sharma S, Wang V, editors. Review for Textbook of Pediatric 
Emergency Medicine. Philadelphia: Lippincott Williams & Wilkins; 2000. p. 312-17.

6. Mannix R, Burns Ewald M. Airway Management in the Poisoned Child. In: Erickson T,
Ahrens W, Aks S, Baum CR and Ling L, editors. Pediatric Toxicology: Diagnosis and Management of 
the Poisoned Child. New York: McGraw-Hill; 2004. p. 84-88.

7. Saidinejad M, Burns M. Ocular Irrigation Alternatives in Pediatric Emergency Medicine. Pediatr 
Emerg Care 2005; 21: 23-6.

8. Osterhoudt K, Burns Ewald M, et al. Toxicologic Emergencies. In: Fleisher GR, Ludwig S, Henretig 
FM, editors. Textbook of Pediatric Emergency Medicine 5th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2005. p. 951-1007.

9. Burns Ewald M, Baum C. Environmental Emergencies. In: Fleisher GR, Ludwig S, Henretig FM, 
editors. Textbook of Pediatric Emergency Medicine 5th ed. Philadelphia: Lippincott Williams &
Wilkins; 2005. p.1009-31.

10. Lai M, Burns Ewald M. Silver. In: Goldfrank LR, Flomenbaum NE, Lewin NA, Howland MA, 
Hoffman RS, Nelson LS, editors. Goldfrank’s Toxicologic Emergencies 8th ed. New York: McGraw
Hill; 2006. p . 1358-1363.

11. Nikkanen H, Burns Ewald M. Phosphorous. In: Goldfrank LR, Flomenbaum NE, Lewin NA, 
Howland MA, Hoffman RS, Nelson LS, editors. Goldfrank’s Toxicologic Emergencies 8th ed. New 
York: McGraw-Hill; 2006. p. 1486-1491.

12. Burns Ewald M. Zinc. In: Goldfrank LR, Flomenbaum NE, Lewin NA, Howland MA, Hoffman 
RS, Nelson LS, editors. Goldfrank’s Toxicologic Emergencies 8th ed. New York: McGraw-Hill, 2006. 
p. 1378-1383.

13. Geib AJ, Burns Ewald M. Food & Waterborne Agents. In: Antosia R, editor. Handbook of 
Bioterrorism and Disaster_Medicine. New York: Springer Science, 2006: p. 151-156.

14. Geib AJ, Burns Ewald M. Pulmonary Agents. In: Antosia R, Cahill J,editors. Handbook of 
Bioterrorism and Disaster Medicine. New York: Springer Science, 2006: p. 171-176.

15. Lai M, Burns Ewald M. Anticoagulants. In: Shannon MW, Borron SW, Bums MJ, editors. Haddad 
& Winchester’s Clinical Management of Poisoning and Drug Overdose 4th ed. Philadelphia; W.B. 
Saunders Company; 2007. p. 1051-64.

16. Mannix R, Burns Ewald M. Over-the Counter and Diabetic Agents. In: Zaoutis LB, Chiang VW, 
editors. Comprehensive Pediatric Hospital Medicine. Philadelphia: Elsevier; 2007. p. 1110-20.

17. Nigrovic L, Burns Ewald M. Heat Disorders. In: Zaoutis LB, Chiang VW, editors. Comprehensive
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Pediatrie Hospital Medicine. Philadelphia: Elsevier; 2007. p. 1148-52.

18. Scalzo A, Burns Ewald M. Toxicology. In: Wang V, Sharma S, Flood R. Pediatric Emergency 
Medicine Question Review Book 2009. Lulu, 2009: p. 166-176.

19. Osterhoudt K, Burns Ewald M, Henretig F. Toxicology Emergencies. Fleisher GR, Ludwig S, 
Henretig FM, editors. Textbook of Pediatric Emergency Medicine 6Ih ed. Philadelphia: Lippincott 
Williams & Wilkins 2010; p. 1171-1223.

20. Burns Ewald M, Baum C. Environmental Emergencies. In: Fleisher GR, Ludwig S, Henretig FM, 
editors. Textbook of Pediatric Emergency Medicine 6th ed. Philadelphia: Lippincott Williams & Wilkins 
2010; p. 783-804.

21. Lai Becker M, Burns Ewald M. Silver, ln: Goldfrank LR, Flomenbaum NE, Lewin NA, Howland 
MA, Hoffman RS, Nelson LS, editors. Goldfrank’s Toxicologic Emergencies 9th ed. New York: 
McGraw-Hill; 2011 : p.1321-1324.

22. O ’Donnell K, Burns Ewald M. Toxicology. In: Kliegman RM, Behrman RE, Jenson HB, Stanton 
BM, editors. Nelson’s Pediatrics 19th ed. Philadelphia: Elsevier; 2011: p. 250-270.

23. Lai Becker M, Burns MM. Silver, ln: Goldfrank LR, Flomenbaum NE, Lewin NA, Howland MA, 
Hoffman RS, Nelson LS, editors. Goldfrank’s Toxicologic Emergencies 10th ed. New York: McGraw
Hill; 2015: p. 1271-1275.

24. O ’Donnell KA, Burns MM, Calello DP, Henretig FH, Osterhoudt KC. In: Fleisher and Ludwig’s 
Toxicologic Emergencies 7th ed. Philadelphia: Lippincott Williams & Wilkins; 2015: In press.

Letters
1. Lai MW, Moen M, Burns Ewald M. Pesticide-like poisoning from a prescription drug. N Engl J 
Med 2005; 353: 317-18.

2. George M, Al-Duaij N, Lai Becker M, Burns Ewald M. Ethylene glycol ingestion treated only with 
fomepizole. J Med Toxicol 2008; 4: 67.

3. George M, Al-Duaij N, Nikkanen H, Burns Ewald M. Mouthwash: A time for policy change. 
Pediatr Emerg Care 2009; 25: 58-59.

4. Burns Ewald M, Mandl K. Pediatric disaster readiness: A tribute to Michael Shannon. Clin Pediatr 
Emerg Med 2009; 10 (3): 240 -  244.

5. Easter J, Waltzman M, Burns Ewald M. Inside out: Ectopia Cordis. Lancet 2010; 376 (9751): 1497.

Clinical Guidelines and Reports

1. Matos M, Burns M, Shannon M. False-positive tricyclic antidepressant drug screens leading to the 
diagnosis of carbamazepine intoxication. Pediatrics 2000; 105: e67.

2. Nikkanen HE and Burns MM. Severe hydrogen sulfide exposure in a working adolescent. Pediatrics
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2004; 113:927-29.

3. Saidinejad M, Burns MM, Harper MB. Disseminated histoplasmosis in a nonendemic area. Pediatr 
Infect Dis J. 2004; 23: 781-82.

4. Evans J, Burns M. Pyomyositis: A fatal case in a healthy teenager. Pediatr Emerg Care 2005; 21 : 
375-77.

5. Saidinejad M, Burns Ewald M, Shannon M. Transient psychosis in an immune competent patient 
after oral trimethoprim-sulfamethoxazole administration. Pediatrics 2005; 115: e739-41.

6. Lai MW, Boyer EW, Kleinman ME, Rodig NM, Burns Ewald M. Acute arsenic poisoning in two 
siblings. Pediatrics 2005; 116: 249-57.

7. Hickey L, Cross C, Burns Ewald M. Nutritional rickets: beyond the chief complaint. Pediatr Emerg 
Care 2006; 22: 121-23.

8. Geib A, Babu K, Burns Ewald M, Boyer E. Adverse effects in children after unintentional 
buprénorphine exposures. Pediatrics 2006; 118: 1746-1751.

9. George M, Shcroff A, Burns Ewald M, Shannon M. Index of suspicion in the nursery: Ergot 
poisoning. NeoReviews 2009; 10 (6): e303-306.

10. O ’Donnell K, Burns Ewald, M. Pick your poison: Huffing and puffing to lose weight: salicylate 
toxicity. Pediatr Emerg Care 2009; 25 (9): 605-607.

11. Skolnik AB, Burns Ewald, M. Case Files of the Harvard Medical Toxicology Fellowship at 
Children's Hospital Boston: An Insulin Overdose. J Med Toxicol 2010; 6:413-419.

12. Yen M, Burns Ewald M. Toxicity of weight loss agents. J Med Toxicol 2012; 8 (2): 145-152.

13. Macias Konstantopoulos W, Burns Ewald M, Pratt DS. Case Records of the Massachusetts General 
Hospital 22-2012: A 34-year-old man with intractable vomiting after ingestion of an unknown medication 
(Antimony). N Eng J Med 2012; 367(3):259-68.

14. George M, Kitzmiller JP, Burns Ewald M, O ’Donnell KA, Becker ML, Salhanick S. Methadone 
toxicity and possible induction and enhanced elimination in a premature neonate. J Med Toxicol 2012; 
8(4): 432-5.

15. Skolnik AB, Burns Ewald M. Pediatric scorpion envenomation in the United Stales: morbidity, 
mortality, and therapeutic interventions. Pediatr Emerg Care. 2013; 29( 1 ):98-103.

16. Bruccoleri RE, Burns MM. A literature review of the use of sodium bicarbonate for the treatment of 
QRS widening. J Med Toxicol July 2015 (Epub ahead of print).

Narrative Report

My research, teaching, and clinical contributions to Boston Children’s Hospital stem from my training 
in the fields of Pediatric Emergency Medicine and Medical Toxicology. As such, I am committed to
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promoting optimal health care for acutely injured and poisoned children, advocating for state-of-the-art 
treatment while contributing to national consensus guidelines and prevention efforts on a more global 
level.

My clinical time is spent as a staff physician within the Division of Emergency Medicine and Program 
in Medical Toxicology, where I provide both direct patient care and supervise trainees. I participate in 
treating critically ill and injured children where numerous procedures, often invasive, must be 
perfonned in an adept fashion. I am also responsible for recommendations given to the annual 52,000 
callers to the Poison Control Center where 1 serve as the Medical Director. Our Center is certified 
within the American Association of Poison Control Centers, and I actively participate within this 
national milieu to ensure that optimal care is provided to our poisoned patients. I maintain my board 
certification in 3 areas: pediatrics, pediatric emergency medicine, and medical toxicology.

I have been the Medical Director of the Regional Center for Poison Control & Prevention serving 
Massachusetts and Rhode Island for the last 14 years. During my tenure, I have made contributions to 
the Center from an administrative, patient care, research and teaching perspective. Organizationally, the 
two states have worked in unison to provide expertise in the medical diagnosis and management of 
poisonings. The total budget has consistently increased over the last 6 fiscal years with the procurement 
of federal funds as well as through innovative fundraising efforts. Diligent endeavors came to fruition 
when the toxicology fellowship became ACGME re-certified in 2008. The incredibly detailed 
application to maintain Poison Center certification resulted in continued certification o f the Poison 
Center as of November 2011. In terms of patient care, the number of toxicology consults and children 
admitted to our in-patient service has growm. Such a wealth and diversity of patients has led to an 
amplified interest in the specialty of toxicology, w'ith our fellowship having routinely attracted top- 
notch applicants such as one of our institution’s current chief residents in pediatrics.

I am deeply involved in teaching at every level of the institution. As an attending physician in the 
Emergency Department, I supervise Harvard Medical students, residents in Pediatrics and Emergency 
Medicine, fellows within our Division, and serve as a resource for our Urgent Care staff. Teaching is 
done both at the bedside and as an integral part o f the didactics of our pediatric emergency medicine 
fellowship curriculum; the importance of the physical exam in generating a differential diagnosis is 
highlighted. At the Poison Center I lead daily rounds for Harvard Medical and rotating pharmacy 
students, emergency medicine residents, and the toxicology fellows. I also participate in formal training 
to the poison specialists on an annual basis, and I lecture on a bi-annual basis during a toxicology course 
at the Massachusetts College of Pharmacy. As Chief of the Program in Medical Toxicology, I teach 
while caring for poisoned patients on our own in-patient and consultant service; I concurrently 
developed a reading curriculum for the poison center rotators which emphasizes using the literature and 
national guidelines to formulate treatment plans. Within New' England I have given Grand Rounds at 
Hasbro, Metrowest, Southshore, Holy Family, Boston Children's Hospital and Connecticut Children’s 
Hospital. I have also made toxicology presentations both nationally as ŵ ell as internationally, including 
an invitation to give a keynote lecture at the European Association of Poison Control Center’s annual 
meeting in Croatia in May, 2011.

My academic productivity to date has been in two categories: 1) clinical research investigating the 
epidemiological trends of pediatric poisoning exposures by using large national databases, and 2) 
clinical communications that describe novel and innovative case presentations and/or treatment 
modalities in the pediatric toxicology patient. My clinical contributions to the pediatric literature 
include original research examining the efficacy/safety of using the opioid antagonist nalmafene for 
elective reversal o f pediatric sedation patients. Other pertinent publications include detailed 
descriptions of a novel antidote for arsenic in two pediatric patients, an adolescent exposed to hydrogen
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sulfide in the workplace with important public health sequelae, a toddler presenting with nicotinic 
symptoms after ingesting a prescription acetylcholinesterase inhibitor, and a neonate with iatrogenic 
methadone toxicity. Furthermore, the number of children presenting with potential drug-drug 
interactions while receiving antiepileptic drug therapy is rising; an epidemiological analysis of this 
patient subset has been submitted in order to identify risk factors. Lastly, a review of sodium 
bicarbonate therapy for those xenobiotics resulting in QRS widening is complete. Because there is a 
dearth of research and clinical information geared towards the pediatric toxicology patient, it is 
imperative that I make future contributions to the field.
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https://www.researchqate.net/profile/Joao Lauro De Camarqo 
https://www.linkedin.com/profile/view?id=118817378&trk=spm pic

A CARRIER DEVELOPMENT

1998 Full Professor
1991 Associate Professor 
1989 Pos-Doc 
1983 Pos-Doc 
1981 Ph.D.
1978 M. Sc.
1973 Pathologist 
1971 M.D.

B CURRENT POSITIONS

B.1 Permanent Faculty and Supervisor, Post-graduate Program in Pathology (CAPES, 
rank 5,0), FMBo, since 1992.
B.2 Research Fellow, National Council for Research (CNPq), Ministry of Science and 
Technology, Brazil, since 1998.
B.3 Coordinator, Centre for Evaluation of the Environmental Impacto n Human Health 
(TOXICAM), FMBo, since 1996.
B.4 Faculty member, Latin America Risk Assessment Workshop (LARAW), held 
annualy by the International Union of Toxicology (IUTOX) and by the Brazilian Society 
of Toxicology (SBTox), Aguas de Sao Pedro, SP, since 2008.
B.5 Fellow - International Academy of Toxicologic Pathology (IATP), 2014.
B.6 Roster member (2011-2016), JMPR (Joint Meeting for Pesticides Residues, 
FAO/World Health Organization).
B.7 Member, Committee for Environmental Health Reference, Sao Paulo State 
Secretary of Health, SP, Brazil.
B.7 Member, Scientific Consulting Committee (C3) - International Life Science Institute, 
Brazil (ILSI/Brazil).
B.8 Editorial Board, European Journal o f Toxicological Sciences, ISRN , Applied  
R esea rch  in Toxicology.
B.9 Consulting or a d  hoc  referee -  Brazilian governmental agencies: ANVISA, CTNBio, 
IBAMA, CNPq, FAPESP, Scientific journals: Toxicol Pathol, Crit R e v  Toxicol, Food  
C hem  Toxicol, H istol H istopathol, Inter J  Biotech, Braz J  M ed  Biol R es . Private 
companies: BASF, Bayer, DuPont, Monsanto, lhara, Adama, etc.

C OTHER POSITIONS DURING THE LAST 10 YEARS

1998-2011 Ful1 Professor Department of Pathology, FMBo, UNESP(retired in 2011)

1974-2011 Pathologist UNESP General Hospital

Departament of Pathology, Botucatu Medical School 
(FMBo), UNESP, Brazil 
FMBo, UNESP
Nagoya City Univ. Medical School, Japan 
Massachusetts Institute of Technology, MIT, USA 
FMBo, UNESP 
FMBo, UNESP
Brazilian Society of Pathology Board Qualified 
Catholic University at Sao Paulo Sorocaba (PUC/SP)
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2004-2008 Board member

2005-2010 Two-term President

1984-1986 Head of Department

2011-2013 Dean for Academic Affairs

2006-2013 Editorial Board

1993-1997 Vice-Dean

1986-1990 Supervisor

UNESP General Hospital -  Sao Paulo State 
Secretary of Health
T o x ic o l .  P a t h o l . ,  J .  B r a s .  P a to l . M e d .  L a b . ,  R e v .  
B r a s .  T o x ic o l .
Latin American Society of Toxicologic and 
Experimental Pathology (LASTEP)
Sao Paulo State Oncology Center Foundation 
(FOSP)
FMBo, UNESP
Division for Medical Support, UNESP General 
Hospital
Department of Pathology, FMBo, UNESP

1974-1991 Assistant Professor Department of Pathology, FMBo, UNESP

D POS-DOC TRAINING

1988-1989, Japan - Nagoya University Medical School, Department of Pathology. Fellow of the 
Japanese Foundation for Cancer Research, Tokyo. Development of medium-term alternative 
bioassays for chemical carcinogens identification. Necropsies of rodents submitted to 
conventional long-term bioassays at the Dai-Yukai Institute of Medical Sciences (DIMS). 
Supervisor: Dr. Nobuyuki Ito.

1981-1984, USA -  Visiting scientist, Massachusetts Institute of Technology (MIT), Department 
of Nutrition and Food Science, Laboratory of Animal Pathology. Lipotropes deficiency; focus on 
B6C3F1 mice liver toxicity. In  v iv o  evaluation of the tricotecenic mycotoxin anguidine in the CD- 
1 mice. Supervisor: Dr. Paul M. Newberne.

E PUBLICATIONS (Last 05 years)

E.1 Fava RM, Cardoso APF, da Rocha MS, Nascimento e Pontes MG, de Camargo JLV, de 
Oliveira MMCS. Evaluation of early changes induced by diuron in the rat urinary bladder usinf 
different processing methods for scanning electron microscopy. Toxicology, 333:100-106, 2015.
doi: 1 0 .1016/j.tox.2 0 1 5 .0 4 .0 0 6
E.2 Pascotto \VM, Guerra MT, Franci JAA, de Camargo JLV, Kempinas WG, Franchi CAS. 
Effects of a mixture of pesticides on the adult female reproductive system of Sprague-Dawley, 
Wistar, and Lewis rats. J. Toxicol. Environ. Health. Part A, 78 (9):602-606, doi: 
1 0 .1 0 8 0 /1 5 2 8 7 3 9 4 .2 0 1 5 .1 0 1 0 4 6 7
E.3 Solano MLM, Montagner CC, Vaccari C, Jardim WF,, Anselmo-Franci JA, Carolino ROG, 
Luvizutto JFL , Umbuzeiro GA, de Camargo JLV. Potential endocrine disruptor activity of 
drinking water samples. Endocrine Disruptors. h ttp ://d x .d o i.o rg /1 0 .4 1 6 1 /2 3 2 7 3 7 4 7 .2 0 1 4 .9 8 3 3 8 4
E.4 Luvizutto JFL , Solano MLM, Martinez MF, Fernadez CDB, Umbuzeiro GA, de Camargo 
JLV. Potential androgenic effects of urban sewage sludge in male rats. Endocrine Disruptors. 
h ttp ://d x .d o i.O rg /1 0 .1 0 8 0 /2 3 2 7 3 7 4 7 .2 0 1 5 .1 0 6 6 6 5 6
E.5 Ihlaseh-Catalano SM, Bailey K, Cardoso APF, Ren H, Fry R, de Camargo JLV, Wolf DC. 
Dose and temporal effects on gene expression profiles of urothelial cells from rats exposed to 
diuron. Toxicology. 325: 21-230, 2014. doi: 10.1016/j.tox.2 0 1 4 .0 8 .0 0 5
E.6 da Rocha MS, Arnold LL, de Oliveira MLCS, Catalano SMI, Cardoso APF, Pontes MGN, 
Ferrucio B, Dodmane PR, Cohen SM, de Camargo JLV. Diuron-induced rat urinary bladder 
carcinogenesis: Mode of action and human relevance evaluations using the International 
Programme on Chemical Safety framework. Crit. Rev .Toxicol.. 44(51:393-406, 2014. doi: 
10.3109/10408444.2013.877870
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E.7 Marcondes JPC , de Oliveira MLCS, Gontijo AM, de Camargo JLV, Salvadori DMF. 
Genetic instability persists in non-neoplastic urothelial cells from patients with a history 
ofurothelial cell carcinoma. PLOS One. 9:e86162-e86162, 2014. doi: 1 0 1 3 7 1 /

jo u rn a l, p o n e . 0 0 8 6 1 6 2
E.8 de Camargo JLV. Chemical carcinogenesis -  mode of action to inform quantitative human 
risk. BMC Proceedings. 2013, 7 (Suppl 2):K10. doi: 1 0 .1 1 8 6 /1 7 5 3 -6 5 6 1 -7 -S 2 -K 1 0  
E.9 da Rocha MS, Arnold, LL, Dodmane PR, Pennington KL, Qiu F, de Camargo JLV, Cohen 
SM. Diuron metabolites and urothelial cytotoxicity: In  v iv o , in  v it ro  and molecular approaches. 
Toxicology. 314: 238-246, 2013. d o i:1 0 .1 0 9 3 /to x sc i/k fs2 5 6
E.10 da Rocha MS, Arnold LL, Pennnington KL, Muirhead D, Dodmane PR, Anwar MM, 
Battalora M, de Camargo JLV, Cohen SM. Dluron-induced rat bladder epithelial cytotoxicity. 
Toxicol. Sci.,130 (2): 281-288, 2012. d o i:1 0 .1 0 9 3 /to x sc i/k fs2 5 6
E .11 Cardoso APF, Catalano SMI, da Rocha MS, Pontes MGN.de Camargo JLV, Oliveira 
MLCS. Dose-response of diuron [3-(3,4-dichlorophenyl)-1,1-dimethylurea] in the urothelial 
mucosa of Wistar rats. Toxicology. 312:1-5, 2013. d o i.o rg /1 0 .1 0 1 6 /j.to x .2 0 1 3 .0 7 .0 0 7  
E.12 de Camargo MR, Barbisan LF, Martinez MF, Da Franchi, CAS.de Camargo JLV, 
Spinardi-Barbisan ALT. Macrophage activity and histopathology of the lymphohematopoietic 
organs in male Wistar rats orally exposed to single or mixed pesticides. J . Environ. Sci. Flealth. 
Part B. Pest. Food Contam. Aor. Wastes. 48: 607-613, 2013. doi: 1 0 .1 0 8 0 /0 3 6 0 1 2 3 4 .2 0 1 3 . 

7 7 5 0 2 0
E.13 Ihlaseh SM, Drigo S, Jesus CMN, Domingues MA, Trindade Filho JCS , Soares FA, de 
Camargo JLV, Rogatto SR. STEAP1 protein overexpression is an independet marker for 
biochemical recurrence in prostate carcinomas. Histopathology. 63(5):678-85, 2013. doi: 

1 0 .1 1 1 1 /h is .1 2226 .
E.14 Toledo Netto P, Teixeira Jr. OJ, de Camargo JLV, Ribeiro ML, de Marchi MRR. A rapid, 
environmentally friendly, and reliable method for pesticide analysis in high-fat samples. Talanta 
(Oxford), 101: 322-329, 2012. doi: 1 0 .1 0 1 6 /j . ta la n ta .2 0 1 2 .0 9 .0 3 4
E.15 Nascimento e Pontes MG, Silveira SM, Trindade Filho JC, Rogatto SR, de Camargo JLV. 
Chromosomal imbalances in successive moments of human bladder urothelial carcinoma. 
Urologie Oncol.: Seminars and Original Investigations. d o i:1 0 .1 0 1 6 /j .u ro lo n c .2 0 1 1 .0 5 .0 1 5 .
E.16 de Camargo JLV, Barros SBM. Informaçâo científica e avaliaçâo do risco toxicológico. 
Rev. Bras. Toxicol.. 24:1- 9, 2011.
E .17 Ihlaseh SM, Bailey KA, Hester SD, Jones C, Ren H, Cardoso APF, Oliveira MLCS, Wolf 
DC, de Camargo JLV. Transcriptional profile of diuron-lnduced toxicity on the urinary bladder of 
male Wistar rats to inform mode of action. Toxicol. Sci.. 122: 330-338, 2011. doi: 1 0 .1 0 9 3 / 
to x sc i/k fr1 0 8 .
E.18 Grassi TF, Rodrigues MAM, de Camargo JLV, Barbisan LF. Evaluation of carcinogenic 
potential of diuron in a rat mammary two-stage carcinogenesis model. Toxicol. Pathol., 39: 486
495, 2011. doi: 1 0 .1 1 7 7 /0 1 9 2 6 2 3 3 1 0 3 9 6 9 0 4
E19 Ferrucio B, Franchi CAS, Boldrin N, de Oliveira MLCS, de Camargo JLV. Evaluation of 
diuron (3-[34-dichlororophenyl]-1-1-dimethylurea) in a two-stage mouse skin carcinogenesis 
assay. Toxicol. Pathol.. 38(5):756-764, 2010. doi: 1 0 .1 1 7 7 /0 1 9 2 6 2 3 3 1 0 3 7 5 4 5 2  
E20 da Rocha MS, Nascimento MG, Cardoso APF, de Lima LA; Zelandi E, de Camargo JLV, 
de Oliveira MLCS. Cytotoxicity and regenerative proliferation as the mode of action for diuron- 
induced urothelial carcinogenesis in the rat. Toxicol. Sci., 113:37-44, 2010.
doi: 1 0 .1 1 .0 9 3 /to x sc i/k fp 2 4 1
E.21 Luvizutto JFL, Solano MLM, Passareli D, Franchi CAS, Umbuzeiro GA, de Camargo JLV. 
Subchronic toxicity evaluation of treated urban sewage sludge. J. Toxicol. Environ. Health Part 
A, 73: 916-925, 2010. doi: 1 0 .1 0 8 0 /1 5 2 8 7 3 9 1 0 0 3 7  4 5 0 3 6
E.22 Perobelli JE , Martinez MF, Franchi CAS, Fernandez CAD, de Camargo JLV, Kempinas 
WG. Decreased sperm motility in rats orally exposed to single or mixed pesticides. J . Toxicol. 
Environ. Health. Part A, 73:991-1002, 2010. doi: 1 0 .1 0 8 0 /1 5 2 8 7 3 9 1 0 0 3 7 5 1 8 0 2
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E.23 de Camargo JLV. Brazilian experience with the medium-term multi-organ bioassay: 
scientific and regulatory developments. Asian Pacific J. Cancer Prev., 11:7-8, 2010.
E . 24 Said RA, Grassi TF, Scolastici C, de Lima ROA, Darros B, Barbisan LF, de Camargo JLV. 
Absence of chemopreventive influence of propolis on the rat liver altered foci development. 
Exper, Toxicol. Pathol.. 62: 405-412, 2010. doi:10.1016/ j.etp.2009.05.012

F BOOKS AND BOOK CHAPTERS (Last 5 years)

F . 1 Rodrigues MAM, de Camargo JLV. Carcinogénèse. IN: Mario R. Montenegro, Marcello 
Franco. (Org.) Patología - Processos Gerais. 5a. Ediçâo. Ed. Atheneu, 2010. p. 255
272. [ P o r t u g u e s e ]
F.2 Rodrigues MAM, de Camargo JLV. Doenças Nutricionais IN: Mario R. Montenegro, 
Marcello Franco (Org.) Patología - Processos Gerais. 5a Ediçâo. Ed. Atheneu, 2010. p. 287
305. [ P o r t u g u e s e ]
F.3 de Camargo JLV. Identificaçâo do Potencial Cancerígeno. IN: Cristiana L. Correa; lone P. 
Lemonica; Flávio A.D. Zambrone; J.L.V. de Camargo (Org.). Bases Científicas para a 
Avaliaçâo da Toxicidade de Agrotóxicos. 1a. Ed. Sâo Paulo: ILSI Brasil International Life 
Science Institute do Brasil. 2009. p. 131-169.[Portuguese]
F. 4 de Camargo JLV e Oliveira DE (Org.). Patología Gérai: Abordagem Multidisciplinar. 1a. Ed. 
Rio de Janeiro: Guanabara-Koogan. 2007. 5a. reimpressâo (2012). 204 p. . [ P o r t u g u e s e ]

G BIOASSAY PROTOCOL - OFFICIAL ACCEPTANCE

G . 1 IBAMA (Brazilian Institute for the Environment) Technical Norm # 84/1996 -  Protocol of an 
alternative in  v iv o  assay for the detection of the carcinogenic potential of pesticides.

H ORGANIZATION AND COORDENATION OF SCIENTIFIC MEETINGS (Last five years)

H. 1. III Brazilian Symposium on “Toxicologic Pathology and the Safety of Industrial Chemicals”, 
ALAPT/ILSI/IFSTP, Sâo Paulo, March 2010.
H. 2. Symposium on “Environmental Pathology”, during the International Academy of Pathology 
(IAP) Congress, Sâo Paulo, SP, October 2010.

I INVITED TALKS (Last five years)

I. 1 “Evaluation of the safety of genetically modified food/feed (GMF)”. National Technical 
Committee of Biotechnology (CTNBio). Brasilia, DF, November 06th, 2014.
1.2 “Pathogenseis of cancer and MoA of putative human carcinogens”. Workshop “Mode of 
Action (MoA): desenvolvimentos recentes e aplicaçâo regulatória”. Inti. Life Science 
Institute/Brasil, Brasilia, DF, April, 14-15th, 2014.
1.2 “Chemical carcinogenesis -  mode of action to inform quantitative human risk”. Keynote 
Lecture Presentation. Sâo Paulo Advanced School of Comparative Oncoiogy/FAPESP. Águas 
de Sâo Pedro, SP. September, 30th, 2012.
1.3 ”ln vivo toxicity testing in Brazil -  today and tomorrow”, Symposium “Alternative and in vitro 
methods for the safety of chemicals and their impact to the health and the environment: 
updating and perspectives”. UNESP/Sâo Paulo State University Symposium. Sâo Paulo/SP, 
Outubro, 2010.
1.4 “Chemical carcinogenesis: from the bench to regulation”. Ill International Meeting of 
Investigative Pathology. Hospital A.C. Camargo, Sâo Paulo/SP, August, 2010.

J RESEARCH GRANTS (Last five years)
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J.1 FAPESP 2011/09870-2. “In vivo evaluation of endocrine disrupting potential of treated 
sewage sludge, drinking water and of a pesticide mixture”.
J .  2 FAPESP 2009/02754-7. “Gene expression in the urothelium of male Wistar rats exposed to 
the herbicide Diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea”.

K POS-DOC SUPERVISION

K . 1 Merielen G. Nascimento e Pontes, Ph.D., 2012-2015. “Establishment of a testicular germ 
cell tumor model in Sprague-Dawley rats”. FAPESP Proc. No. 2012/09873-4.

L SUPERVISION OF GRADUATION PROJECTS

L . 1 Ph.D., Viviane M. Pascotto. "Evaluation of the individual or mixed influences of the 
fungicides prochloraz, propiconazole and miclobutanil on the reproductive system of female 
Sprague-Dawley rats”.
L.2 Ph.D., Ana Paula F. Cardoso. “Cryptorchidism establishment in Sprague-Dawley rats”.
L.3 M.Sc., Nathalia P. de Souza, CNPq 132667/2013-4. “Cryptorchidism and in utero exposure 
to di(n-butyl)phtalate or to acrylamide -  evaluation of SD rats Leydig cells”.
L.4 M.Sc., Ligia M. M. Rodrigues, CNPq 830850/1999-6. “Evaluation of Sertoli cells 
development and ultrastructure in an experimental modelo of cryptorchidism and orchidopexia”.

M SCIENTIFIC SOCIETIES

International Academy of Toxicologic Pathology (IATP, 2014)
Society of Toxicology (SoT, 2011)
Latin-american Society of Toxicologic and Experimental Pathology (LASTEP, 2005)
Brazilian Society of Toxicology (SBTox, 1992)
The Society of Toxicology Pathology (STP) (1996)
American Association for Cancer Research (AACR) (1989)
Brazilian Society of Pathology (SBP, 1972)
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David H. Garabrant, MD, MPH, MS, FACOEM, FACPM 
Emeritus Professor of Occupational Medicine and Epidemiology 

The University of Michigan School of Public Health 
2100 Commonwealth Boulevard, Suite 203 

Ann Arbor. Michigan 48105

ig(a)umic

Education and Training
High School: Westfield High School

Westfield, New Jersey 
1965-1968

Undergraduate: Tufts University
Medford, Massachusetts. Sept 1968-June 1972 
B.S., Chemical Engineering, June 1972

Graduate: Tufts University School of Medicine
Boston, Massachusetts. Sept 1972-June 1976.
M.D. received June 1976

Internship: Medicine Intern
Georgetown University Hospital 
Washington, D.C.
July 1976-June 1977

Fellowship Internal Medicine, Ambulatory Care
Georgetown University Hospital 
Washington, D.C.
September 1977 - June 1978

Residency: Occupational Medicine
Harvard School of Public Health 
Boston, Massachusetts 
September 1978 - June 1980 
M.P.H. degree received June 1979
M.S. in Physiology (Occupational Medicine) received June 1980

Internal Medicine 
Boston University Medical Center 
Boston, Massachusetts 
July 1 9 8 0 -June 1981

Certification and Licensure
Licensure District o f Columbia, 1978, (Certificate - 10775) (inactive)

Maryland, 1977, (Certificate - D-20626) (inactive) 
Massachusetts, 1978, (Certificate - 42987) (inactive) 
California, 1982, (Certificate - G-47344) (inactive) 
Michigan, 1989, (Certificate - 054132) (active)

Board Certification Internal Medicine, 1981
Preventive Medicine, 1982
Subspecialty certification, Occupational Medicine, 1982

David Hay Garabrant 
N ovem ber 2015 
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Academic, Adminstrative, and Clinical Appointments

Teaching Assistant in Medicine, Boston University School of Medicine, July 1980 - June 1981

Assistant Professor, University of Southern California School of Medicine, August 1981 — June 
1988

Associate Professor, University of Southern California School of Medicine, June 1988 -  
November 1988

Associate Professor , University of Michigan School of Public Health, December 1988 -  June 
1996

Associate Professor of Medicine, Department of Medicine, University of Michigan School of 
Medicine, December 1989 -  September 2002

Visiting Faculty, University of Indonesia School of Medicine, August 1995- June 1996 
(Sabbatical)

Professor of Occupational Medicine, University of Michigan School of Public Health, June 1996 
-  September 2007

Associate Professor, Department of Emergency Medicine, University of Michigan School of 
Medicine, September 2002- September 2007.

Professor of Epidemiology, University of Michigan School of Public Health, June 2003 -  
September 2007

Founding Director, University of Michigan, Center for Risk Science and Communication, 2004 -  
present.

Emeritus Professor of Occupational Medicine and Epidemiology, University of Michigan School 
of Public Health, September 2007 -  present

Emeritus Associate Professor of Emergency Medicine, University of Michigan School of 
Medicine, September 2007 -  present

Honors And Awards

Graduated Magna Cum Laude, Tufts University, 1972.

Tufts University, Tau Beta Pi Engineering Honor Society, 1971

Awarded Training Grant for Study and Research in Occupational Medicine from the National 
Institute for Occupational Safety and Health, 1978, renewed 1979

Recipient o f Preventive Oncology Academic Award, National Cancer Institute, 1987-1992 

Chair, Safety and Occupational Health Study Section, National Institutes of Health, 1995-96. 

Excellence in Research Award, University of Michigan School of Public Health, April 28, 2006

David May Garabrant 
November 2015 
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Top Docs 2006. Hour Detroit Magazine

Emeritus Professor, University of Michigan, September 2007

Research Excellence Award. University of Michigan Risk Center, October 16, 2007.

Franzblau, A., L. Zwica, K. Knutson, Q. Chen, S.-Y. Lee, B. Hong, P. Adriaens, A. Demond, D. 
Garabrant, B. Gillespie, J. Lepkowski, W. Luksemburg, M. Maier, and T. Towey, 2009, “An 
Investigation of Homes with High Concentrations of PCDDs, PCDFs and/or Dioxin-Like PCBs 
in House Dust,” J. Occupational and Environ. Hygiene, 6:188-199. Best Indoor Environmental 
Quality Paper Award for 2009 awarded by American Industrial Hygiene Association.

Memberships in Professional Societies

American Occupational Medical Association 1982-88. Elected to fellowship, 1986 
Western Occupational Medical Association, 1982-88 

Board of Directors, 1984-88 
Chairman, Educational Affairs Committee, 1986-88 

American College of Preventive Medicine, 1985-present. Elected to fellowship, 1986 
American Academy of Occupational Medicine, 1985-88
American College of Occupational and Environmental Medicine, 1988-present.

Elected to fellowship, 1988 
Council o f Scientific Advisors, 2009-present 

Michigan Occupational Medical Association Board of Directors, 1989-91 
Society for Epidemiologic Research, 1988-present 
Michigan Public Health Association, 2001-present 
Society for Risk Analysis, 2002-present 
International Epidemiological Association, 2002-present 
American Chemical Society, 2008-present

Editorial Positions, Boards, and Peer-Review Service

State of Washington Department of Labor and Industries. Chemically Related Illness Scientific 
Advisory Board. 1994-95.

Charter member, Safety and Occupational Health (SOH) Study Section for the National 
Institutes of Health, 1992-1996. Chairman, 1995-96.

Chair, Clinical Sciences Special Emphasis Panel. Alcohol and Toxicology (ZRG4) Study 
Section for the National Institutes of Health, November 1996.

Chair, NCI Review Panel on Breast Cancer and the Environment on Long Island. National 
Institutes o f Health, January 31, 1997.

Member, NCI Review Panel on Regional Variation in Breast Cancer Rates in the United States. 
National Institutes of Health, Rockville, MD, November 9, 1998.

Member, NIOSH Special Emphasis Panel on Disease, Disability, and Injury Prevention Control 
Grants, National Institute for Occupational Safety and Health, Florence KY. February 21-23, 
1999.

Member, NIEHS Special Emphasis Panel on Superfund Basic Research Projects, National 
Institute o f Environmental Health Sciences, Research Triangle Park, NC. October 25-27, 1999.

David Hay Garabrant 
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Chair, NIOSH Special Emphasis Panel on Training Programs in Occupational Health and Safety. 
St. Petersburg, Florida. February 17-20, 2002.

Mickey Leland National Urban Air Toxics Research Center, Houston, Texas. Appointed to 
Scientific Advisory Board, 2002-2009.

Member, NIH Special Emphasis Panel/Scientific Review Group 2006/10 ZLM1 ZH-P (01), July 
14, 2006

Member N1EHS Special Emphasis Panel/Scientific Review Group 2007/10. National Institute of 
Environmental Health Sciences, Research Triangle Park, NC. July 11-14, 2007.

Member, American Cancer Society Peer Review Committee on Physician Training Award in 
Preventive Medicine. American Cancer Society, Atlanta, Georgia. 2008-2012

Institute o f Medicine of the National Academies of Sciences. Participant -  GAO Workshop on 
Cancers Added to the World Trade Center Health Program (WTCHP) List of Covered 
Conditions. Washington, D.C. October 21,2013.

Scientific Journal Board of Editors:

Journal of Occupational Medicine, Editorial Board. 1987-1992

Medical Journal of Indonesia, Editorial Board. 2000-present

Journal of Environmental and Public Health. 2009-2011

Reviewer, Scientific Manuscripts:

American Journal of Epidemiology 
American Journal of Industrial Medicine 
Chemosphere
Critical Reviews in Toxicology 
Environmental Health Perspectives 
Environmental Science and Technology 
Epidemiology
Journal of Exposure Science and Environmental Epidemiology 
Journal of Occupational and Environmental Medicine 
Journal of the National Cancer Institute 
Risk Analysis

Teaching

Attending Physician, Occupational Medicine Outpatient Clinic, University of Michigan Medical 
Center, Ann Arbor, Michigan, 1989-2011

Director, Occupational and Environmental Epidemiology Program, University o f Michigan 
School o f Public Health 2001-2007

Past and current courses:
EHS 501 Occupational & Environmental Disease (Lecturer)

David Hay Garabrant 
November 20 J 5
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Chair, NIOSH Site Visit to University of Washington Educational Resource Center. Seattle,
Washington, November 7-9, 2001.
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EHS 504 Genes & the Environment (Lecturer)
EHS 508 Principles of Risk Assessment (Course Director)
EHS 656 Research Methods in Occupational Health (Lecturer)
EHS 666 Occupational & Environmental Medicine Seminar (Lecturer)
EHS 697 Readings (Course Director)
EHS 698 Research (Course Director)
EHS 762 Clinical Occupational Medicine (Lecturer)
EPID 657 Field Internship in Epidemiology (Course Director)
EPID 655 Field Studies in Epidemiology (Lecturer)

Graduate Student Advisor, University of Michigan, School of Public Health, Ann Arbor, 
Michigan, 1989-Present

Ph.D. Thesis Committee Member

N. Seixas, University of Michigan, School of Public Health, Ann Arbor, Michigan, 1990

A. Rocskay, University of Michigan, School of Public Health, Ann Arbor, Michigan, 1991

N. Nelson, University of Michigan, School of Public Health, Ann Arbor, Michigan, 1992

Carol Burns. The epidemiology of systemic sclerosis: a population based case control study. 
Ph.D. in Epidemiologic Science, University of Michigan, School of Public Health, Ann Arbor, 
Michigan, 1994

Jane Krebs. Mortality at an automotive stamping and assembly facility. Ph.D. in Epidemiologic 
Science, University of Michigan, School of Public Health, Ann Arbor, Michigan, 1995. Doctoral 
Committee Co-Chair.

Jacqueline Kurtz. An evaluation of peer and professional trainers in an occupational health and 
safety training program. Ph.D. in Environmental and Industrial Health, University of Michigan, 
School of Public Health, Ann Arbor, Michigan, 1995

Jon Fryzek. A case-control study of DDT and related compounds and pancreas cancer. Ph.D. in 
Epidemiologic Science, University of Michigan, School o f Public Health, Ann Arbor, Michigan,
1996. Doctoral Committee Co-Chair.

Stephen Martin. 1,1 dichloro-2,2-bis(p-chlorophenyl)ethylene, testosterone levels and lipid 
profile in African American farmers and farm workers. University of Michigan, School o f Public 
Health, Ann Arbor, Michigan, 2001.

Jeanette Jane Rainey. Epidemiological and environmental co-factors linked to endemic Burkitt’s 
lymphoma in Kenya. Ph.D. in Epidemiologic Science, University of Michigan, School o f Public 
Health, Ann Arbor, Michigan 2005

Gena Pauline Kucera. Hormone replacement therapy and nonsteroidal anti-inflammatory drugs 
on the risk of colorectal cancer in women. Ph.D. in Environmental and Industrial Health, 
University of Michigan, School of Public Health, Ann Arbor, Michigan, 2006. Doctoral 
Committee Chair.

Aaron Sussell. Incidence And Prevalence O f Occupational Contact Dermatitis In Automobile 
Manufacturing. PhD in Environmental Health Sciences, University of Michigan School o f Public 
Health, 2007.
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Andrea Steege. Access to health care among migrant farm workers. University of Michigan, 
School of Public Health, Ann Arbor, Michigan, 2009. Doctoral Committee Co-Chair.

Qixuan Chen. Bayesian Model Based Approach to Complex Survey Data Analysis. Department 
of Biostatistics, University of Michigan, School of Public Health, Ann Arbor, Michigan, 2009.

Committee, Organizational, and Volunteer Service

Director, Occupational Medicine, University of Michigan School of Public Health, Ann Arbor, 
Michigan, December 1988-94

Member, School of Public Health Executive Committee, University of Michigan, Ann Arbor, 
Michigan, 1989-1991.

Director, Center for Occupational Health, Safety, and Engineering, University o f Michigan, Ann 
Arbor, Michigan, 1990-1995

Associate Director, Center for Occupational Health, Safety, and Engineering, University of 
Michigan, Ann Arbor, Michigan, 1995-2000

Director, Division of Occupational Health, University of Michigan School o f Public Health.
1992 -1995

Member, Executive Committee, Department o f Environmental and Industrial Health, University 
of Michigan School of Public Health, Ann Arbor, Ml. January 1992-1995.

Chair, Curriculum Committee, Department of Environmental and Industrial Health, University 
of Michigan School of Public Health, 1996-97.

Chair, Advisory Committee on Academic Rank, University of Michigan School o f Public 
Health, 1997-99. Member 1996-97, 1999-00.

Member, Executive Committee, University of Michigan School of Public Health. 2000-2003.

Member, Student Recruitment Committee, Department of Environmental Health Sciences, 
University of Michigan School of Public Health, 2001-03

Founding Director, Center for Risk Science and Communication, University of Michigan School 
of Public Health, 2003-present

Member, Search Committee for Dean of University of Michigan School of Public Health, 2004
05

Member, Executive Committee, University o f Michigan School of Public Health, 2006-07

Member, Office o f the Vice President for Research Conflict of Interest Committee, University of 
Michigan, Ann Arbor, Michigan, 2009-2012

Member, Dean’s Advisory Council, University of Michigan School of Public Health, 2012- 
present
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Visiting Professorships, Seminars, and Extramural Invited Presentations
1. "Colon Cancer and Job Activity." Invited Paper at Occupational Epidemiology Forum, 

sponsored by USC, UCLA, and UC Irvine Schools of Medicine. Irvine, CA, 1983.
2. Annual Meeting of the Western Occupational Medical Association, "Pulmonary disease in 

borax workers", San Francisco, California, 1982.
3. 4th Annual Rocky Mountain Conference on Occupational and Environmental Health, 

"Respiratory symptoms from borax and boric acid aerosols", Park City, Utah, 1982.
4. American Occupational Medical Association Annual Meeting, "Occupational cancer", Los 

Angeles, California, 1984.
5. "Respiratory Effects of Borax Dust." Invited Paper at Occupational Epidemiology Forum, 

sponsored by USC, UCLA, and UC Irvine Schools of Medicine, Irvine, CA, 1984.
6. Panel Chairman. "Health Issues for Women in the Workplace." Annual Scientific 

Meeting, American Occupational Medical Association, Los Angeles, CA, 1984.
7. "Occupational Cancer." Postgraduate Education Conference at the American Occupational 

Medical Association Basic Curriculum Course, Salt Lake City, UT, 1984.
8. "Epidemiology for the Occupational Physician." Postgraduate Education Conference at the 

Annual Scientific Meeting, American Occupational Medical Association, Los Angeles,
CA, 1984.

9. "Contact Dermatitis from Aziridine Hardener in Printing Ink." Invited Paper at 
Occupational Epidemiology Forum, sponsored by USC, UCLA, and UC Irvine Schools of 
Medicine, Irvine, CA, 1985.

10. Western Occupational Medical Association Conference, "Epidemiology of occupational 
cancer", Stanford University, Palo Alto, California, 1985.

11. "Toxicology." Workshop on evaluation of workers compensation patients exposed to 
hazardous chemicals. Postgraduate Education Conference. Presented by the State of 
California Division o f Industrial Accidents and USC School of Medicine, Los Angeles,
CA, 1985.

12. Special Studies Unit, Division of Occupational Safety and Health, Department of Industrial 
Relations, State of California, Sacramento, California, 1985.

13. V International Symposium, Epidemiology in Occupational Health, "Cancer mortality in 
the aircraft manufacturing industry", Los Angeles, California, 1986.

14. Epidemiology and cancer registries in the Pacific Basin V, "Cancer risks in the aircraft 
manufacturing industry", Kauai, Hawaii, 1986.

15. "Cancer Mortality in the Aircraft Manufacturing Industry." Invited Paper at Occupational 
Epidemiology Forum, sponsored by USC, UCLA, and UC Irvine Schools o f Medicine, 
Irvine, CA, 1986.

16. "Occupational exposure to electromagnetic fields and adult leukemia." Invited Paper at 
Occupational Epidemiology Forum, sponsored by USC, UCLA, and UC Irvine Schools of 
Medicine, Irvine, CA 1987.

17. "Studies of electromagnetic fields and cancer risk." Seminar at Joint Symposium 
sponsored by Fred Hutchinson Cancer Research Center, University of Washington School 
of Medicine and Department o f Preventive Medicine, USC. Seattle, WA, 1987.

18. "Electromagnetic fields and cancer risk," and "Exposure assessment in occupational and 
residential studies of ELF and leukemia." Invited lecturer, International Agency for 
Research on Cancer, Lyon, France, May 1988.
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19. California Cancer Registries Conference 1988: Innovations in Research, "Coding and use 
of cancer registry data to look for occupational cancers", Newport Beach, California, 
October 1988.

20. 32nd Annual Western Occupational Health Conference, "When is cancer work related?", 
Irvine, California, October 1988.

21. "Toxicology of chrome." Invited guest, Aerospace Hazardous Waste Minimization 
Symposium, Los Angeles, CA, May 1988.

22. "Medical/Ethical Pitfalls of Occupational Medicine From a Clinicians Standpoint." Invited 
speaker, Southern California Edison Company, Oxnard, CA, July 1988.

23. "Prospective Study of Respiratory Effects of Formaldehyde in Medical Students". Invited 
speaker, UC Irvine, Department of Community and Environmental Medicine. October 20, 
1988.

24. Invited lecturer, California Cancer Registries Conference 1988: Innovations in Research. 
Lecture topic: Coding and Use of Cancer Registry Data to Look for Occupational 
Cancers", Newport Beach, California, October 1988.

25. Lecturer, "Physical Activity and Colon Cancer Risk", seminar sponsored by the University 
of Michigan, Ann Arbor, Michigan, September 1989

26. Chairperson, 41st Annual Selby Discussional, School of Public Health, University of 
Michigan, Ann Arbor, Michigan, September 1989

27. Lecturer, "Lung Disease in Borax Miners: Was Borax the Culprit?". School of Public 
Health, University of Michigan, Ann Arbor, Michigan, October 1989

28. Session Reporter, "Human Health Impacts of Halogenated Biphenyls and Related 
Compounds". University of Michigan, Ann Arbor, Michigan, November 8-9, 1989

29. Keynote Speaker, Joint Annual Meeting of The Michigan Occupational Medical 
Association, The Detroit Michigan Association of Occupational Health Nurses, and The 
Michigan Industrial Hygiene Society, "Electromagnetic Fields and Leukemia". Dearborn, 
Michigan, November 1989.

30. Lecturer, "Physical Activity and Colon Cancer". Ford World Headquarters, Dearborn, 
Michigan, January 1990.

31. Lecturer, "Multiple Chemical Sensitivities", press briefing at Dow-Elanco. Midland, 
Michigan, March 1990.

32. Speaker, "Man made mineral fibers and lung cancer". Presented at Pulmonary Division 
Grand Rounds, University of Michigan Medical Center, Ann Arbor, Michigan, December 
7, 1990.

33. Speaker, "Epidemiologic study of end users of man-made mineral fiber". Report to Annual 
Scientific Session of the Thermal Insulation Manufacturers Association. Del Mar, 
California, October 30, 1990.

34. Conference Chairman, 42nd Annual Selby Discussional held at the University of Michigan, 
Ann Arbor, Michigan, November 8-9, 1990.

35. Invited speaker, "DDT and pancreas cancer". National Institute for Occupational Safety 
and Health, Cincinnati, Ohio, January 29, 1991.

36. Invited speaker, "Case control study of pancreas cancer among chemical manufacturing 
workers". University o f Cincinnati School of Medicine, Department of Environmental 
Health Seminar Series. January 30, 1991.

37. Invited speaker, Epidemiologic studies of morbidity of man-made mineral fiber workers". 
In: Man-made mineral fibers: status of health risk assessment. Course given by the
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Department of Environmental Health Sciences, Johns Hopkins University School of 
Hygiene and Public Health. Baltimore, Maryland, March 4, 1991.

38. Invited speaker, "Electromagnetic fields and cancer". Annual meeting of the 
Semiconductor Industry Safety Association. Phoenix, Arizona, April 15, 1991.

39. Invited presentation, "DDT and pancreas cancer in a case control study of chemical 
workers." Society for Epidemiological Research Annual Meeting. Buffalo, New York, 
June 1991.

40. Conference Chairman, 43rd Annual Selby Discussional held at the University of Michigan, 
Ann Arbor, Michigan, November 1991.

41. Invited Faculty, National Cancer Institute, Division of Cancer Prevention and Control.
1992. Cancer Prevention and Control Academic Course. "Surveillance and special 
populations: occupations exposed to asbestos". August 7, 1992.

42. Conference Chairman, 44th Annual Selby Discussional held at the University of Michigan, 
Ann Arbor, Michigan, November 1992.

43. Invited speaker, Occupational Health Symposium Co-Sponsored by Bay Medical 
Education and the University o f Michigan Center for Occupational Health and Safety. 
Saginaw, Michigan, March 12, 1993. "Occupational Cancers".

44. Invited speaker, Department of Epidemiology, University of Michigan Department of 
Epidemiology, March 18, 1993. "Recent Studies on EMF and Cancer".

45. Invited speaker, First Annual Cancer Conference. Recent Advances in Colorectal 
Carcinoma. Sponsored by the American Cancer Society, Detroit, Michigan, April 14,
1993. Epidemiology of Colorectal Cancer.

46. Conference Chairman, 45th Annual Selby Discussional held at the University of Michigan, 
Ann Arbor, Michigan, September 1993.

47. Invited speaker. Michigan State Medical Society Annual Meeting. “Electromagnetic 
Fields and Health”. Detroit, Michigan, November 11, 1993.

48. Invited presentation. “Occupational exposures and urogenital cancers among leather 
workers”. National Cancer Institute Workshop on Occupational Exposures and Urogenital 
Cancers. May 23-24, 1994, Rockville, Maryland.

49. Conference Chairman, 46th Annual Selby Discussional held at the University of Michigan, 
Ann Arbor, Michigan, October 13-14, 1994.

50. University o f Michigan Comprehensive Cancer Center Grand Rounds. “DDT and Related 
Compounds and Pancreas Cancer. October 21, 1994.

51. Western Ohio Occupational Medical Association Annual Scientific Meeting. “Integration 
o f Residents into Occupational Medicine Training”. Toledo, Ohio, March 11-12, 1995.

52. Invited Speaker. BASF Corporation Isocyanates Review. Respiratory Disease from TDI 
and MDI. Wyandotte, Michigan, April 6, 1995.

53. Invited Speaker. Department o f Public Health, Wellington School of Medicine. “DDT and 
pancreas cancer”. July 28, 1995, Wellington, New Zealand.

54. Invited Speaker. First Annual Jakarta International Epidemiology Course. “Occupational 
Disease Epidemiology”. December 4-15, Jakarta, Indonesia.

55. Invited Speaker. Faculty of Public Health, University of Indonesia. “Current Issues in 
Occupational Health”. December 19, 1995, Depok, West Java, Indonesia.

56. Invited Speaker. Department o f Cardiology, Faculty of Medicine, University of Indonesia. 
“Preparing an International Manuscript” April 9, 1996. National Cardiac Center, Harapan 
Kita Hospital, Jakarta, Indonesia.
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57. Invited Speaker. Editorial Board of the Medical Journal of Indonesia. “Publishing in the 
International Medical Literature” April 9, 1996. University of Indonesia School of 
Medicine, Jakarta, Indonesia.

58. Invited Speaker. “Guidelines for Publishing in the International Medical Literature”. May 
21, 1996. Department of Internal Medicine Grand Rounds, University of Indonesia School 
of Medicine, Jakarta, Indonesia.

59. Invited Speaker. Symposium of Occupational Safety and Health to Anticipate the Era of 
Free Trade in the Year 2020. “Occupational Safety and Health in Developed Industrial 
Countries”. May 23, 1996, University of Indonesia School of Medicine, Jakarta, Indonesia.

60. Invited Faculty, National Cancer Institute, Division o f Cancer Prevention and Control.
1996 Cancer Prevention and Control Academic Course. "Special Populations and the 
Environment. High Risk Populations: Asbestos". August 9, 1996.

61. Invited Speaker. “Epidemiology o f Pancreatic Neoplasia”. Symposium: Current Concepts 
in Pancreas Cancer. Barbara Ann Karmanos Cancer Institute. Detroit, MI. September 12,
1997

62. Invited Speaker. “DDT and Related Materials and Pancreatic Cancer”. NIEHS Center for 
Molecular and Cellular Toxicology, Wayne State University Institute of Chemical 
Toxicology. October 16, 1997.

63. Invited speaker. “Occupational Asthma”. Symposium: Global Management of Airway 
Disease. University o f Michigan Medical School, Division of Pulmonary and Critical Care 
Medicine. May 9, 1998 Livonia, Michigan.

64. Invited Speaker. “Occupational and Environmental Cancer”. Annual Scientific Meeting of 
the Michigan Occupational and Environmental Medicine Association. September 11,
1998. Traverse City, Michigan

65. Invited Speaker. Epidemiology of Natural Rubber Latex Allergies in Health Care Workers. 
International Conference on Natural Rubber Latex Sensitivity. San Francisco, CA. Feb 9
10,2001

66. Invited Speaker. Measurement of physical activity in the occupational setting. American 
Society for Preventive Oncology 25th Annual Meeting. New York City, NY. March 12,
2001.

67. Invited Speaker. XVI World Congress o f Epidemiology. Montreal, Quebec. Risk of 
Solvent Exposure among Women with Scleroderma. August 20, 2002.

68. Invited Speaker. “Research studies of pesticide exposed populations.” National Institute of 
Environmental Health Sciences, Division of Extramural Research and Training (DERT) 
Science Retreat. Wilmington, NC. November 21-22, 2002.

69. Invited presentation. Williams JM, Garabrant DH. Assessment of sight and hearing 
protection use in high school vocational, technical, and industrial education programs. Best 
Practices in Occupational Safety and Health, Education, Training and Communication. 6th 
International Conference, Scientific Committee on Education and Training in Occupational 
Health, ICOH. Baltimore, MD. October 28-30, 2002.

70. Invited presentation. Garabrant DH. Environmental and familial risks to pancreas cancer. 
University o f Texas M.D. Anderson Cancer Center, Division o f Cancer Prevention and 
Program in Cancer Prevention & Control. Houston, Texas. April 25, 2003.

71. Invited discussant. Garabrant DH. Manufacturing Science in Regulated Environments. 
Presented at the International Symposium on Development and Manufacturing Needs in 
Health Care Industries in the 21st Century. University of Michigan College of 
Engineering. Ann Arbor, Michigan September 19, 2003
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72. Invited Speaker. Garabrant DH. 2003 Carey Pratt McCord Lecture. “Latex allergy in health 
care workers”. Presented at the annual meeting of the Michigan Occupational and 
Environmental Medicine Association. Royal Oak, Michigan. November 6, 2003.

73. Invited Speaker. Garabrant DH. “The Michigan Dioxin Exposure Study”. MidMichigan 
Medical Center-Midland Family Practice Department and Continuing Medical Education 
Department. Ann Arbor, Michigan. May 20, 2004.

74. Invited Speaker. Garabrant DH. “Biomarkers and Risk Assessment”. Presented at the 
Association of Schools of Public Health Conference on Environmental Health Risk: 
Assessment, Management, and Communications. Minneapolis, Minnesota. July 11-13,
2004.

75. Keynote Speaker. Garabrant DH. “The University of Michigan Dioxin Exposure Study”. 
Michigan Epidemiology Conference 2005. Ann Arbor, Michigan. March 11, 2005.

76. Invited Speaker. Garabrant DH. “Meta Analysis as a Tool for Understanding Asbestos- 
Related Disease”. Presented at the AIHce 2005 Annual Conference of the American 
Industrial Hygiene Association and American Conference of Governmental Industrial 
Hygienists. Anaheim, CA May 25, 2005

77. Invited Speaker. Garabrant DH. Mesothelioma risks among auto mechanics. Annual 
Scientific Meeting of the Michigan Occupational and Environmental Medicine 
Association. Lansing, ML September 22, 2005.

78. Invited Speaker. Garabrant DH. “The University o f Michigan Dioxin Exposure Study”. 
Michigan’s Premier Public Health Conference. Partnerships: Working Together to Improve 
the health of Michigan’s Citizens. Michigan Association for Local Public Health. Grand 
Rapids, MI October 12, 2005

79. Moderator. Garabrant DH. Session IV Exposure Assessment. First Annual Air Toxics 
Research Workshop. Mickey Leland National Air Toxics Research Center. Houston,
Texas. October 17, 2005.

80. Invited Speaker. Garabrant DH. Biomonitoring in Epidemiology Studies. Michigan Society 
of Toxicology Fall 2005 Meeting. Lansing, ML November 4, 2005.

81. Invited speaker. DH Garabrant. Cohort mortality study o f transmission and chassis 
workers. American Osteopathic College of Occupational and Preventive Medicine Mid
Year Conference. Pittsburgh, Pennsylvania. March 18, 2006.

82. Invited Speaker, Grand Rounds. Garabrant DH. Environmental and genetic factors in 
pancreas cancer. Department of Medicine, University of California, Irvine Medical Center, 
March 28, 2006.

83. Invited Presentation. Franzblau A, Garabrant D. The University of Michigan Dioxin 
Exposure Study: Project Overview. Dioxin 2006 Conference, Oslo, Norway. August 21,
2006.

84. Invited Presentation. Olson K, Garabrant D. Prevalence of Exposure Routes in The 
University o f Michigan Dioxin Exposure Study: Food Consumption, Recreational and 
Household Activities, Occupations and Demographics. Dioxin 2006 Conference, Oslo, 
Norway. August 21,2006.

85. Invited Presentation. Adriaens P, Garabrant D. Measurements of Soil Concentrations of 
PCDDs, PCDFs, and PCBs From a Community in Michigan, USA. Dioxin 2006 
Conference, Oslo, Norway. August 21, 2006.

86. Invited Presentation. Zwica L, Garabrant D. Measurements of Household Dust 
Concentrations of PCDDs, PCDFs, and PCBs From a Community in Michigan, USA. 
Dioxin 2006 Conference, Oslo, Norway. August 21, 2006.
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87. Invited Presentation. Hedgeman E, Garabrant D. Measurements of Serum Concentrations 
of PCDDs, PCDFs, and PCBs From a Community in Michigan, USA. Dioxin 2006 
Conference, Oslo, Norway. August 21, 2006.

88. Invited Presentation. Garabrant D. Environmental Factors That Explain Variation in 
Serum Dioxin Concentrations in a Community in Michigan, USA. Dioxin 2006 
Conference, Oslo, Norway. August 21,2006.

89. Invited Presentation. Chang S-C, Garabrant D. Analysis of Patterns in PCDD, PCDF, and 
PCB Soil Concentrations From a Community in Michigan, USA. Dioxin 2006 Conference, 
Oslo, Norway. August 21, 2006.

90. Invited Presentation. Lepkowski J, Garabrant D. Survey methodology in an environmental 
exposure study: methods to assure sound inference. Dioxin 2006 Conference, Oslo, 
Norway. August 21,2006.

91. Invited Presentation. Garabrant D. Factors that predict serum dioxin concentrations in 
Michigan, USA. Dioxin 2007. Tokyo, Japan. September 3, 2007.

92. Invited Presentation. Chen Q, Garabrant D. Serum 2,3,7,8-TCDD concentration in a 
Michigan, USA population with no unusual sources of exposure. Dioxin 2007 Conference, 
Tokyo, Japan. September, 2007.

93. Invited Presentation. Knutson K, Garabrant D. Tinear regression modeling to predict 
household dust TEQ and TCDD concentration. Dioxin 2007 Conference, Tokyo, Japan. 
September, 2007.

94. Invited Presentation. Hong B, Garabrant D. Impact of the changes in WHO TEF values 
from 1998 to 2005 on the total TEQ values in serum, household dust and soil. Dioxin 2007 
Conference, Tokyo, Japan. September, 2007.

95. Invited Presentation. Franzblau A, Garabrant DH. Human exposure to dioxins from clay: 
a case report. Dioxin 2007 Conference, Tokyo, Japan. September, 2007.

96. Invited Presentation. Jolliet O, Garabrant D. Effect of age and historical intake on blood 
dioxin concentrations: pharmakokinetic modeling to support statistical analyses. Dioxin 
2007 Conference, Tokyo, Japan. September, 2007.

97. Invited Presentation. Towey T, Garabrant, D. Multivariate statistical analysis of dioxin 
profiles to explain source contributions to serum dioxins. Dioxin 2007 Conference, Tokyo, 
Japan. September, 2007.

98. Invited Presentation. Trinh H, Garabrant D. spatial distribution of dioxins from an 
incinerator; a validation study. Dioxin 2007 Conference, Tokyo, Japan. September, 2007.

99. Invited Presentation. Garabrant DH. Biomonitoring Results from the University of 
Michigan Dioxin Exposure Study. The NAS and WHO on Dioxin and Dioxin-like 
Compounds: International Policy Implications and Potential Impact, Michigan State 
University, September 19, 2007.

100. Invited Presentation. Garabrant, DH. Factors that predict serum dioxin concentrations in 
Michigan, USA. 17th Annual Conference of the International Society for Exposure 
Assessment, Durham, NC. October 16, 2007.

101. Garabrant D. Effective messages in concerned communities: the dioxin exposure study. 
2007 Bernstein Symposium. Nanotechnology and Health: Evidence and Impact. University 
of Michigan Risk Science Center. October 26, 2007.

102. Invited Presentation. Garabrant, DH. Factors that predict serum dioxin concentrations in 
Michigan, USA. Society for Risk Analysis 2007 Annual Meeting. San Antonio, TX, 
December 9-12, 2007..
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103. Invited Presentation. Garabrant D. The University of Michigan Dioxin Exposure Study 
project overview. Society for Risk Analysis 2007 Annual Meeting. San Antonio, TX, 
December 9-12, 2007.

104. Invited Presentation. Garabrant D. Chlorpyrifos exposure, inhibition of 
butyrylcholinesterase, and paraoxonase (PON1) activity in pesticide manufacturing 
workers. EP1COH-NEUREOH 2008 Conference, San Jose, Costa Rica, June 11,2008.

105. Invited Presentation. Jolliet O, Wenger Y, Adriaens P, Chang C-W, Chen Q, Franzblau A, 
Gillespie BW, Hedgeman E, Hong B, Jiang X, Knutson K, Lepkowski J, Milbrath MO, 
Reichrt H, Towey T, Garabrant, D. Explaining age dependency using pharmakokinetic 
modeling in the analysis of blood TCDD concentrations. Dioxin 2008 Conference, 
Birmingham, England, August, 2008.

106. Invited Presentation. Garabrant DH. Project overview and results of linear regression 
models of serum dioxin levels. Dioxin 2008 Conference, Birmingham, England, August, 
2008.

107. Invited presentation. Garabrant DH. Cancer Mortality among U.S. Automotive 
Transmission Manufacturing Workers Exposed to Metal Working Fluids,” 2008 MRF 
SYMPOSIUM. October 5-8, Dearborn, Michigan.

108. Invited Presentation. Jiang X, Chen Q, Garabrant D, Hong B, Gillespie B,Lepkowski J, 
Franzblau A, Adriaens P, Demond A. Logistic Regression Models o f High Serum Dioxin 
Level. Dioxin 2009 Conference, Beijing, China, August 27, 2009.

109. Invited Presentation. Hong B, Garabrant D, Jiang X, Chen Q, Franzblau A, Gillespie B, 
Lepkowski J, Adriaens P, Demond A. Factors that Predict Serum Concentration of 2,3,7,8- 
TCDD in People from Michigan, USA. Dioxin 2009 Conference, Beijing, China, August 
27, 2009.

110. Invited Presentation. Gillespie B, Reichert H, Chen Q, Franzblau A, Lepkowski J, Adriaens 
P, Demond A, Luksemburg W, Garabrant D. Estimating Population Percentiles Using the 
Turnbull Estiamtor When Some Data Are Below the Limit of Detection. Dioxin 2009 
Conference, Beijing, China, August 27, 2009.

111. Invited Presentation. Garabrant D, Hong B, Jolliet O, Chen Q, Jiang X, Franzblau A, 
Lepkowski J, Adriaens P, Demond A, Hedgeman E, Knutson K, Towey T, Gillespie B. 
Public Health Impact of Dioxin Exposure Pathways in the UMDES, Based on Linear 
Regression Models. Dioxin 2009 Conference, Beijing, China, August 27, 2009..

112. Invited Presentation. Franzblau A, Hedgeman E, Jiang X, Chen Q, Hong B, Knutson K, 
Towey T, Adriaens P, Demond A, Gillespie B, Jolliet O, Lepkowski J, Garabrant D. The 
University o f Michigan Dioxin Exposure Study: An Investigation of Serum Outliers for 
TEQ, 2,3,7,8-TCDD, 2,3,4,7,8-PeCDF, and PCB-126. Dioxin 2009 Conference, Beijing, 
China, August 27, 2009.

113. Invited Presentation. Franzblau A, Garabrant D, Gillespie B, Jiang X, Adriaens P, Demond
A, Jolliet O, Lepkowski J. Implications of the EPA’s new preliminary remediation goals 
for residential soil based on the University of Michigan Dioxin Exposure Study. Dioxin 
2010 Conference, San Antonio, Texas. September 12-16, 2010.

114. Invited Presentation. Garabrant D, Jiang X, Franzblau A, Adriaens P, Demond A, Gillespie
B, Jolliet O, Lepkowski J, Hao W. The University of Michigan Dioxin Exposure Study: 
Relationship between residential soil, household dust, and serum dioxin levels. Dioxin 
2010 Conference, San Antonio, Texas. September 12-16, 2010.

115. Invited Presentation. Hao W, Jolliet O, Jiang X, Garabrant D, Franzblau A, Adriaens P, 
Demond A, Gillespie B, Lepkowski J. The University o f Michigan Dioxin Exposure Study:
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Dioxin intake due to fish and game consumption in a dioxin-contaminated area. Dioxin 
2010 Conference, San Antonio, Texas. September 12-16, 2010.

116. Invited Presentation. Hao W, Jolliet O, Jiang X , Chang C-W, Towey T, Wenger Y, 
Garabrant D, Franzblau A, Adriaens P, Demond A, Gillespie B, Lepkowski J. The 
University of Michigan Dioxin Exposure Study: A pharmacokinetic modeling approach to 
investigate the predictors of serum TCDD concentration. Dioxin 2010 Conference, San 
Antonio, Texas. September 12-16, 2010.

117. Invited Presentation. Evidence of dioxin exposure in Michigan residents exposed to 
contaminated soils. The 37th Annual Summer Meeting of the Toxicology Forum. The 
Aspen Institute, Aspen, Colorado. July 12, 2011.

118. Invited Presentation. Garabant DH. Improving measures in epidemiology: prospective 
cohort study o f chlorpyrifos manufacturing workers. Symposium ILSI Argentina — ILSI 
HESI -  SETAC Capitulo Argentino. Advances in Epidemiology: the impact of pesticides. 
September 28, 2011. Argentine Scientific Society, Buenos Aires, Argentina.

119. Invited Presentation. Garabrant DH. The University of Michigan Dioxin Exposure Study: 
Predictors of human serum dioxin concentrations in Midland and Saginaw Michigan. 
Society of Toxicology o f Canada 43rd Annual Symposium. Montreal, Canada. December 4
6, 2011.

120. Invited Presentation. Franzblau A, Broadwater K, Luksemburg W, Maier M, Jiang X, 
Garabrant DH, Demond A. Serum Concentrations of Polychlorinated Dibenzo-p-dioxins 
Among Users of Ball Clay. Joint ISEE, ISES and IS1AQ Environmental Health 
Conference. 19-23 August 2013, Basel, Switzerland.

121. Invited presentation: Garabrant DH. Biomonitoring of chlorpyrifos excretion, butyryl 
cholinesterase activity, and acetyl cholinesterase activity among chlorpyrifos 
manufacturing workers. In: Use of spot biomonitoring samples for environmental 
epidemiology. International Society of Exposure Sciences 25th Annual Meeting.
Henderson, NV October 22, 2015.
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274. Poster. Demond A, Towey T, Chang, SC, Adriaens P, Luksemburg, W, Maier, M, Favaro 
K, Wenning R, Kennington BP. Methods for sampling and analyzing soil for the University 
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1964- 1970 Assistant Professor, Inst, of Toxicology, University of Tübingen

1970 Lecturer in Pharmacology and Toxicology, Univiversity of 
Tübingen

1970-1973 Visiting Associate Research Professor of Pathology, The Mount 
Sinai School of Medicine, New York City 
Visiting Fellow in Pharmacology, Yale University, New 
Haven, Connecticut

1973- 1975 Associate Professor Pharmacology and Toxicology, Dept, of 
Toxicology, University of Tübingen

1975-2000 Director, Institute of Toxicology, Federal GSF-Reserch Center for 
Environment and Health, Neuherberg/München

1987-2003 Director and Chairman, Institute of Toxicology and Environmental 
Hygiene, Technical University München

1982 - 1985 Chairman of the Section Toxicology of the German Society of 
Pharmacology and Toxicology

1982 - 1990 Board of Experts on the Environment: The Federal Minister of 
Environment, Germany

1983-2007 Vice Chairman, 1998 Chairman of the German Advisory 
Committee on Existing Chemicals of Environmental Relevance 
(BUA) of Gesellschaft Deutscher Chemiker (GDCh)

1991 - 1993 President of The German Society of Pharmacology and 
Toxicology

1992-2007 Chairman of the Commission for the Investigation of Health 
Hazards of Chemical Compounds in the Work Areas (MAK) of the 
Deutsche Forschungsgemeinschaft. Member since 1982

1992-1994 Member of the Enquête-Commission of the German Parliament 
"Protection of Mankind and Environment"
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1996-2011

since 1993

1997-2004

1998-2008

2000 - 2008 

since 2001

1996-2011

2004-2012

2008-2013

Research Expert Panel, Research Institute for Fragrance 
Materials (RIFM), Hackensack, New Jersey, (Chairman 2000
2008)

Scientific Advisory Committee on Occupational Exposure Limits 
(SCOEL) of the General Directorate for Employment and Social 
Affairs, European Commission

Scientific Committee on Toxicology, Ecotoxicology and 
the Environment (CSTEE, Vice Chair), General 
Directorate for Health and Consumer Protection,
European Commission

Health and Environmental Safety Institute (HESI) of the 
International Life Science Institute (ILSI). Washington, Chair of 
Board of Trustees 2001-2002

Research Committee, Health Effect Institute (HEI), Boston

Scientific Committee of the European Center for Ecotoxicology 
and Toxicology of Chemicals (ECETOC)

Research Expert Panel Research Institute for 
Fragrance Materials, Hackensack, New Jersey, USA 
(Chair 2000-2008)

Chairman of Scientific Committee on Health and 
Environmental Risks (SCHER): General Directorate for 
Health and Consumer Protection, European 
Commission

Risk Assessment Committee, European Chemical Agency, 
(ECHA) Helsinki

Membership Scientific Societies

Academy of Toxicological Sciences
American Association for the Advancement of Sciences
Deutsche Gesellschaft für Pharmakologie undToxikologie
European Association for Cancer Research
European Environmental Mutagen Society
European Society of Toxicology
Gesellschaft für Umwelt-Mutationsforschung
Gesellschaft Deutscher Chemiker
Society of Toxicology (USA)
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Some Awards

1998 Society of Toxicology (USA): Arnold J. Lehmann Award

2001 American Conference of Governmental Industrial Hygienists: 
Herbert E. Stockinger Award

2007 Honorary member of the German Society of Toxicology

His research experience is drug metabolism, toxicokinetics, mechanisms of carcinogenic 
agents, in vitro test systems. Dr. Greim has published over 500 papers in toxicology and 
risk assessment and has lectured on these subjects in Europe and abroad. Besides many 
contributions to text-books he has edited and published two text-books in Toxicology, one 
in German, the other by Wiley, London (H. Greim and R. Snyder: Toxicology and Risk 
Assessment. A comprehensive Introduction). Both tetbook are presently re-edited. In June 
2012 the book “The cellular response to the genotoxic insult: the question of threshold for 
genotoxlc carcinogens (H. Greim and R. Albertini) has been published by the Royal 
Society of Chemistry, London.

RM 000890



CURRICULUM VITAE 
DAVID J KIRKLAND

PERSONAL DETAILS

Name KIRKLAND David John

Date of Birth 18 June 1949

Education

1967-1970 University of London
BSc Honours in Microbiology 
Upper Second Class

1970-1973 Imperial Cancer Research Fund, London
Post-graduate research into the in vitro interactions of viral and 
chemical carcinogens. PhD awarded by Brunei University

PRESENT EOMPLOYMENT

2009-present Kirkland Consulting

Independent genetic toxicology consultant. 

PREVIOUS EMPLOYMENT

1997-2009

1992- 1997

1990-1992

Covance Laboratories Europe (CLE)

Vice President of Scientific and Regulatory Consulting: responsible 
for the pharmaceutical regulatory affairs group and expert reviews 
(consultancy). This includes developing and promoting the regulator}' 
and scientific expertise within CLE to “add value” to client projects.

Hazleton Europe (Corning Hazleton, Covance)

Director (subsequently Vice President) of Toxicology: responsible for 
the mammalian, molecular and cellular toxicology groups (study 
directors and operations staff) including planning, costing, GLP 
compliance, scientific interpretation, health and safety.

Hazleton Microtest

Head of Molecular Toxicology: overall responsibility for all the 
programmes of molecular toxicology for all clients. This included 
client liaison, planning, costing, GLP compliance and scientific 
interpretation, including regulatory requirements.
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1984-1990 Microtest Research Limited

Director of Molecular Toxicology: overall responsibility for all the 
programmes of molecular toxicology for all clients. This included 
client liaison, planning, costing, GLP compliance and scientific 
interpretation, including regulator}' requirements.

1979-1984 Toxicol Laboratories Limited

Research Director: responsible for managing sections providing 
chemistry, biochemistry, microbiology and genetic toxicology services, 
including being Head of Genetic Toxicology for the company.

1976-1979 Chester Beatty Research Institute

Post-doctoral Fellow: two projects were undertaken, namely the 
cytogenetic monitoring of the circulating lymphocytes and bone 
marrow of Polycythaemia Rubra Vera patients on different forms of 
treatment, and investigations of cytogenetic abnormalities in humans 
exposed occupationally or as consumers to hair dyes.

1973-1976 Post-doctoral Fellow: projects to develop an in vitro mammalian cell 
malignant transfonnation system in Chinese hamster cells maintained 
in a diploid state by special culture techniques, and to investigate 
cytotoxicity and chromosomal damage induced by hair dyes.

PROFESSIONAL SOCIETIES

1977-Present UK Environmental Mutagen Society

1977-Present European Environmental Mutagen Society

1982-Present Environmental Mutagen Society USA

1970-1994 British Association for Cancer Research

1988-Present Genetic Toxicology Association USA

1989-2010 British Toxicology Society

1986-2010 Institute of Biology

RM 000892



D r D avid  J  K irk land
Curriculum  Vitae

Page 3

RECOGNITION AND AWARDS

Fellow of the UK Environmental Mutagen Society (2002)

Honorary Professor of the University of Wales, Swansea (2006-present)

First recipient of the Industrial Genotoxicity Group (UKEMS) Distinguished Toxicologist 
Award (2010)

Recipient of the US Environmental Mutagen Society Alexander Hollaender Award for 
scientific contributions to the field of genetic toxicology and for global leadership in the 
regulation of toxicology testing (2010).

PROFESSIONAL ACTIVITIES

Member, UK Government Advisory Committee on Mutagenicity (2009-present)

Chairman, Industry and Regulatory Special Interest Group, European Environmental Mutagen 
Society, (2000-present)

President of UK Environmental Mutagen Society (1992 - 1994)

President of European Environmental Mutagen Society (2009-2011)

Mutagenesis Editorial Board Member (1992 - 2004)

Special Issues Editor, Mutation Research,(Genetic Toxicology and Environmental 
Mutagenesis section (2005-present)

Mutation Research Editorial Board Member (Genetic Toxicology Testing Section) 
(1990-2004)

Editor UK Environmental Mutagen Society Guidelines Reports (1986 - 1990)

Toxicology Advisory Panel Member for the Cosmetics, Toiletries and Perfumeries 
Association (1980 - 1984)

Local Organiser of 12th Annual UK Environmental Mutagen Society meeting, York 1988

Local Organiser of 20th European Environmental Mutagen Society meeting, York 1990

Organiser of "International Workshops on Standardisation of Genotoxicity Test Procedures", 
Melbourne, Australia 1993 and Washington D.C., 1999.

Chair of Peer Consultation Workshop on Genotoxicity for Categorization of “Inherent 
Toxicity” to Humans under the Canadian Environmental Protection Act (CEPA ’99), co
sponsored by International Life Sciences Institute and Health Canada, Ottawa, Canada, 2002.
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Organiser of the 3rd, 4th and 5th International Workshops on Genotoxicity Tests (Plymouth, 
Devon, England, 2002; San Francisco, California, USA, 2005; Basel, Switzerland, 2009) and 
co-organiser of the 6th IWGT (Foz do Iguacu, Brazil, 2013)..

SCIENTIFIC PUBLICATIONS

Kirkland D J and Pick C R (1973). The histological appearance of tumours derived from rat 
embryo cells transformed in vitro spontaneously and after treatment with nitrosomethylurea. 
Brit J Cancer 28:440-452.

Kirkland D J, Armstrong C & Harris R J C (1975). Spontaneous and chemically induced 
transformation of rat embryo cell cultures. Brit J Cancer 31:329-337.

Kirkland D J & Venitt S (1976). Cytotoxicity of hair colourant constituents: chromosome 
damage induced by two nitrophenylenediamines in cultured Chinese hamster cells. Mutat 
Res 40:47-56.

Kirkland D J (1976). Chemical transformation of Chinese hamster cells. 1 A comparison of 
some properties of transformed cells. Brit J Cancer 34:134-144.

Kirkland D J & Venitt S (1976). Chemical transformation of Chinese hamster cells. II 
Appearance of marker chromosomes in transfonned cells. Brit J Cancer 34:145-152.

Roberts J J, Friedlos F, Van Den Berg H W & Kirkland D J (1977). Inhibition by caffeine 
of post-replication repair in Chinese hamster cells treated with
7-bromomethylbenz-(a)-anthracene. Enhancement of toxicity, chromosome damage and 
inhibition of ligation of newly-synthesised DNA. Chem Biol Interactions 17:265-290.

Kirkland D J, Lawler S D & Venitt S (1978). Chromosomal damage and hair dyes.
Lancet ii: 124-128.

Kirkland D J (1979). Hair dye genotoxicity. American Heart Journal 98:814.

Kirkland D J, Welch S J, Povey S, Najfeld V, Price D J & Lawler S D (1980). Glutamic 
pyruvate transaminase phenotypes in Polycythaemia Rubra Vera.
Ann Hum Genetics 44:407-413.

Kirkland D J, Smith K L & Van Abbe N J (1981). Failure of chloroform to induce 
chromosome damage or sister chromatid exchanges in cultured lymphocytes and failure to 
induce reversion in E coli. Fd Cosrnet Toxicol 19:651-656.

Kirkland D J, Honeycombe J R, Lawler S D, Venitt S & Crofton-Sleigh C (1981). Sister 
chromatid exchanges before and after hair dyeing. Mutat Res 90:279-286.

Kirkland D J, Smith K L & Parmar V (1982). Bacterial mutagenicity tests on 
4-chloromethyi biphenyl and two structural analogues. Mutat Res 100:21-25.
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Kirkland D J, Smith K L & Jenkinson P C (1982). Metaphase analysis of human 
lymphocytes treated with 4-chloromethyl biphenyl and benzyl chloride.
MutatRes 100:297-299.

Kirkland D J, Jenkinson P C & Smith K L (1982). Sister chromatid exchanges in human 
lymphocytes treated with 4-chloromethyl biphenyl and benzyl chloride.
Mutat Res 100:301-304.

Kirkland D J (1982). Cytogenetic monitoring of human populations, in M Balls,
R J Riddell & A N Warden, ed. Animals and Alternatives in Toxicity Testing.
Academic Press, London, pp 409-414.

Kirkland D J (1983). The mutagenicity and carcinogenicity of hair dyes. A review.
Int J Cosmet Sci 5:51-71.

Kirkland D J, Creed K L & Mannisto P (1983). Comparative bacterial mutagenicity studies 
with 8-methoxypsoralen and 4,5',8-trimethylpsoralen in the presence of near ultra violet light 
and in the dark. Mutat Res 116:73-82.

Scott D, Danford N, Dean B, Kirkland D & Richardson C (1983). In vitro chromosome 
aberration assays. In B Dean, ed. UKEMS Subcommittee on Guidelines for Mutagenicity 
Testing, Report, Part 1, Basic Test Battery. United Kingdom Environmental Mutagen 
Society, Swansea, pp 41-64.

Perry P, Henderson L & Kirkland D (1984). Sister chromatid exchange in cultured cells. In 
B Dean, ed. UKEMS Sub-committee on Guidelines for Mutagenicity Testing, Report, Part II, 
Supplementary Tests. United Kingdom Environmental Mutagen Society, Swansea, pp 89
121.

Kirkland D, Gatehouse D, Sullman S, Venitt S, Watkins P, Reed P & Walters C (1984). 
Bacterial mutation assays with nitrosation products. In B Dean, ed. UKEMS Sub-committee 
on Guidelines for Mutagenicity Testing, Report, Part II, Supplementary Tests. United 
Kingdom Environmental Mutagen Society, Swansea, pp 245-260.

Varley R B, Rae J D & Kirkland D J (1985). A comparison of the effects of uninduced 
mouse, uninduced rat and Aroclor-induced rat liver S-9 on reversion in Salmonella by DAB 
and CDA. In J M Parry & C F Arlett, ed. Comparative Genetic Toxicology. Macmillan Press 
Limited, Basingstoke & London, pp 89-92.

Asquith J C, Hogan L K, Fullwood J N, Rae J D & Kirkland D J (1985). A comparison of 
the chromosome damaging effects, in cultured human lymphocytes, of benzidine (BZD) and 
4,4’-diaminoterphenyl (DAT) in the presence of Aroclor-induced and uninduced rat liver S-9. 
In J M Parry & C F Arlett, ed. Comparative Genetic Toxicology. Macmillan Press Limited, 

Basingstoke & London, pp 355-362.

Mannisto P T, Kirkland D J, Viluksela M & Tikkanen L (1986). Toxicological studies with 
dithranol and its 10-acyl analogues. Arch Toxicol 59:180-185.

RM 000895



D r D avid  J  K irk land
Curriculum  Vitae

Page 6

Gamer R C & Kirkland D J (1986). Letter to the editor. Mutagenesis 1:233-235.

Kirkland D J (1986). Alternatives to animal tests for detecting carcinogens and mutagens. 
Biologist 33:79-82.

Kirkland D J 1987). Implications of germ cell cytogenetic tests in the regulatory process. 
Mutagenesis 2:61-67.

Gamer R C, Campbell J, Kirkland D J & Kennedy J C (1987). Use of 6TG-resistance in 
wild type mouse lymphoma L5178Y cells for gene-mutagen screening. Environ Mutagenesis 
9 Suppl 8:38 (abstract).

Kirkland D J & Gamer R C (1987). Current issues in Mutagenesis and Carcinogenesis. No
8. Testing for genotoxicity - chromosomal aberrations in vitro - CHO cells or human 
lymphocytes? Mutat Res 189:186-187.

Kirkland DJ (1989). Mammalian cells in culture. Report of a participant workshop. Mutat 
Res 213:41-42.

Kirkland D J, Marshall R R, McEnaney S, Bidgood J, Rutter A & Mullineux S (1989). 
Aroclor-1254 induced rat liver S-9 causes chromosomal aberrations in CHO cells, but not 
human lymphocytes: A role for active oxygen? Mutat Res 214:115-122.

D J Kirkland, ed. Statistical evaluation of mutagenicity test data. Cambridge University 
Press, Cambridge - New York - Port Chester - Melbourne - Sydney (1989).

Scott D, Danford N, Dean B & Kirkland D (1990). Metaphase chromosome aberration 
assays in vitro. In D J Kirkland, ed. Basic mutagenicity tests: UKEMS recommended 
procedures. Cambridge University Press, Cambridge - New York - Port Chester - Melbourne 
- Sydney, pp 62-86.

D J Kirkland (1990). Selection of Mutagenicity and Cell Transformation Tests - 
Interpretation of Results. In A Sundwall et al, eds. Preclinical Evaluation of Peptides and 
Recombinant Proteins. (Excerpts from a workshop). Skogs Grafiska AB, Malmo, pp 49-56.

Dean S W, Lane M, Dunmore R H, Ruddock S P, Martin C N, Kirkland D J and Loprieno N 
(1991). Development of assays for the detection of photomutagenicity of chemicals during 
exposure to UV light - 1. Assay development. Mutagenesis 6:335-342.

Clare C B, Ballantyne M, Kirkland D J, Pickering S and Robinson D G (1991). Effects of 
alterations in the composition of the S-9 mix on the spontaneous mutation frequencies of 
some bacterial test strains. Mutagenesis 6:427 (abstract).

McEnaney S, Marshall R R, Campbell J, Riley S, Hudson L and Kirkland D J (1991). The 
clastogenic effects of non-physiological pH on human lymphocytes in whole blood and 
Chinese hamster ovary cells, in vitro, following pulse and continuous exposure. Mutagenesis 
6:444 (abstract).
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Clements J, Fellows M D, Oxley P A, Doran A, Clare C B and Kirkland D J (1991). A 
validation exercise for the TK assay in mouse lymphoma L5178 Y cells using a Microtitre® 
fluctuation protocol. Mutagenesis 6:444 (abstract).

Kirkland D J (1992). Chromosomal aberration tests in vitro: problems with protocol design 
and interpretation of results. Mutagenesis 7:95-106.

Kirkland D J, Dresp J H, Marshall R R, Baumeister M, Gerloff C and Gocke E (1992). 
Normal chromosomal aberration frequencies in peripheral lymphocytes of healthy human 
volunteers exposed to a maximum daily dose of paracetamol in a double blind trial. Mutât 
Res 279:181-194.

Dean S W, Dunmore R H, Ruddock S P, Dean J C, Martin C N and Kirkland D J ( 1992). 
Development of assays for the detection of photo-mutagenicity of chemicals during exposure 
to UV-light. II. Results of testing 3 sunscreen ingredients.
Mutagenesis 7:179-182.

Fielder R J, Allen J A, Boobis A R, Botham P A, Doe J, Esdaile D J, Gatehouse D G, 
Hodson-Walker G, Morton D B, Kirkland D J and Richold M (1992). Dose setting in vivo 
mutagenicity assays. Report of a BTS/UKEMS Working Party.
Mutagenesis 7:313-319.

Kirkland D J (1993). Genetic toxicology testing requirements: Official and unofficial views 
from Europe. Envir Mol Mutag 21, 8-14.

Shibahara T, Kaneko E, Itoh T, Awogi T, Tsushimoto G, Takahashi N, Marshall R R and 
Kirkland D J (1993). Mutagenic and clastogenic properties of BOF-A2, a new 
5-fluorouracil derivative with anti-tumour activity. J Tox Sci 18 (Suppl III), 11-19.

Kirkland D J (1993). The need for international standardisation of genotoxicity test 
procedures. In "International Workshop on Standardisation of Procedures in Genetic 
Toxicology", Ed T Sofiini, Scientist Inc, Tokyo, pp 3-8.

Kirkland D J (1993). Are chromosomal aberration tests in vitro particularly prone to 
artificial findings? In "Current Issues in Genetic Toxicology", Eds S Madle & L Müller,
MMV Medizin Verlag, München, pp 43-51.

Kirkland D J (1994). Statistical evaluation of mutagenicity test data: recommendations of 
the UK Environmental Mutagen Society (UKEMS).
Environmental Health Perspectives Supplements 102:Suppl 1, 43-47.

Kirkland D J, Galloway S M & Sofuni T (1994). Report of the International Workshop on 
Standardisation of Genotoxicity Test Procedures. Summary of major conclusions. Mutât Res 
312:205-209.

Kirkland D J (1994). Report of the International Workshop on Standardisation of 
Genotoxicity Test Procedures. Report of the In vitro Sub-group. Mutât Res 312:
211-215.
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Galloway S M, Aardema M J, Ishidate M Jr, Ivett J L, Kirkland D J, Morita T, Mosesso P & 
Sofuni T (1994). Report from Working group on in vitro tests for chromosomal aberrations. 
Mutat Res 312:241-261.

Kirkland D J (1994). New approaches to design and interpretation of in vitro chromosomal 
aberration tests. In "Chromosomal alterations: Origin and Significance". Eds G Obe & A T 
Natarajan, Springer-Verlag, Berlin, pp 333-342.

Kirkland D J & Dean S W (1994). On the need for confirmation of negative genotoxicity 
results in vitro and on the usefulness of mammalian cell mutation tests in a core battery: 
experiences of a contract research laboratory. Mutagenesis 9:491-501.

Kirkland D J & Kim N N (1995). Special considerations for conducting genotoxicity tests 
with protein materials. Mutagenesis 10:393-398.

Aaron C S, Yu R L, Harbach P R, Mazurek J M, Swenson D H, Kirkland D J, Marshall R & 
McEnaney S (1995). Comparative mutagenicity for ceftiofur sodium: 1. Positive results in in 
vitro cytogenetics. Mutat Res 345:27-35.

Aaron C S, Yu R L, Bacon J A, Kirkland D J, McEnaney S & Marshall R (1995). 
Comparative mutagenicity testing of ceftiofur sodium: II. Cytogenetic damage induced 
in vitro by ceftiofur is reversible and is due to cell cycle delay. Mutat Res 345:37-47.

Marshall R R, Murphy M, Kirkland D J & Bentley K S (1996). Fluorescence in situ 
hybridisation with chromosome-specific centromeric probes: a sensitive method to detect 
aneuploidy. Mutat Res 372, 233-245.

Kirkland D J (1998). Use of transgenic animals in toxicology. Pharm. Sci. Technol. Today. 
1, 62-68.

Kirkland D J & Clements J (1998). Recommendations for spacing of test chemical 
concentrations in the mouse lymphoma tk mutation assay (MLA). Mutat Res 415, 159-163.

Kirkland D J (1998). Chromosome aberration testing in genetic toxicology - past, present 
and future. Mutat Res 404, 173-185.

Combes R, Balls M, Curren R, Fischbach M, Fusenig N, Kirkland D J, Lasne C, Landolph J, 
LeBoeuf R, Marquardt H, McCormick J, Millier L, Rivedal E, Sabbioni E, Tanaka N, Vaseur 
P & Yamasaki H (1999). Cell transformation assays as predictors of human carcinogenicity. 
ATLA 27, 745-767.

Bentley K S, Kirkland D J, Murphy M & Marshall R (2000). Evaluation of thresholds for 
benomyl- and carbendazim-induced aneuploidy in cultured human lymphocytes using 
fluorescence in situ hybridization. Mutat Res 464, 41-51.

Kirkland D J & Millier L (2000). Interpretation of the biological relevance of genotoxicity 
test results: the importance of thresholds. Mutat Res 464, 137-147.
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Kirkland D J (2000). Preface to conclusions from International Workshop on Genotoxicity 
Test Procedures. Env Mol Muta 35, 159-161.

Kirkland D J, Hayashi M, MacGregor J T, Müller L, Schechtman L & Sofuni T (2000). 
Summary of major conclusions from the International Workshop on Genotoxicity Test 
Procedures. Env Mol Muta 35, 162-166.

Kirkland D J (2002). The role of the UKEMS in the development of testing guidelines. 
Mutagenesis 17(6), 451-455.

Marshall R, Tricta F, Galanello R, Leoni G, Kirkland D J, Minto S & Spino M (2003). 
Chromosomal aberration frequencies in patients with thalassemia major undergoing therapy 
with Deferiprone and Deferoxamine in a comparative crossover study. Mutagenesis 18(5), 1
7.

Kirkland D J & Marzin D (2003). An assessment of the genotoxicity of 2-hydroxy-1,4- 
naphthoquinone, the natural dye ingredient of Henna. Mutat Res 537, 183-199.

Nohynek G J, Kirkland D, Marzin D, Toutain H, Leclerc-Ribaud C & Jinnai H (2003). An 
assessment of the genotoxicity and human health risk of topical use ofkojic acid [5-hydroxy- 
2-(hydroxymethyl)-4H-pyran-4-one]. Fd Chem Toxicol. 42, 93-105.

Kirkland D J (2003). 3rd International Workshop on Genotoxicity Tests. Preface. Mutat Res, 
540, 119-121.

Kirkland D J, Hayashi M, MacGregor J T, Müller L, Schechtman L M & Sofuni T (2003).
3rd International Workshop on Genotoxicity Tests. Summary of major conclusions. Mutat 
Res, 540, 123-125.

Müller L, Blakey D, Dearfield K L, Galloway S, Guzzie P, Hayashi M, Kasper P, Kirkland 
D, MacGregor J T, Parry J M, Schechtman L, Smith A, Tanaka N, Tweats D & Yamasaki H 
(2003). Strategy for genotoxicity testing and stratification of genotoxicity test results -  report 
on initial activities of the IWGT expert group. Mutat Res, 540, 177-181.

Nohynek G J, Kirkland D, Marzin D, Toutain H, Leclerc-Ribaud C aid Jinnai H (2004). 
An assessment of the genotoxicity and human health risk of topical use of kojic add [5- 
hydroxy-2-(hydroxymethyl)-4H-pyran-4-one]. Fd. Chem. Toxicol. 42, 93-105

Mazin D and Kirkland D (2004). 2-Hydroxy-1,4-naphthoquinone, the natural dye of 
Henna, is non-genotoxic in the mouse bone marrow micronudeus test and does not produce 
oxidative DNA damage in Chinese hamster ovary cells. Mutat. Res. 560, 41-47.

Kirkland D and Snodin D (2004). Setting limits for genotoxic impuritiesin drug 
substances: Threshold-based and pragmatic approaches. Int. J. Pharm. Med. 18, 197-207

Kasper P, Kirkland D, Leblanc B, Sjöberg P and Spindler P (2004). Acceptability of low 
levels of genotoxic impurities in new drug substances: Condusions of the Drug
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Information Association (DIA)/European Medicines Agency (EM EA) Workshop, October 
27-28, 2003 in London, UK. Int. J. Pharm. Med 18, 221-223

Spindle P, Silva Lima B, Vidal J-M, Kaspe P, Sjöbeg P, Olqniczak K, LimingaU, van 
de Laan J-W, Kirkland D, Navali D R, BodeG and LodolaA (2004). Preclinical Saf&y 
Assessment Update. Drug Information Journal

Kirkland D, Aardema M, Henderson L and Müller L (2005). Evaluation of the ability of a 
battery of three in vitro genotoxicity tests to discriminate rodent carcinogens and non
carcinogens. I. Sensitivity, specificity and relative predictivity. Mutat. Res. 584, 1-256.

Thompson C, Ferdinandi E, Morley P, Kirkland D and Proudlock R (2005). Modified 
bacterial mutation test procedures for evaluation of peptides and amino-acid containing 
material. Mutagenesis 20, 345-350.

Kirkland D J, Henderson L, Marzin D, Müller L, Parry' J M, Speit G, Tweats D J and 
Williams G M (2005). Testing strategies in mutagenicity and genetic toxicology: an appraisal 
of the guidelines of the European Scientific Committee for Cosmetics and Non-Food 
Products for the evaluation of hair dyes. Mutat. Res. 588, 88-105.

Dufour E K, Kumaravel T, Nohynek G J, Kirkland D and Toutain H (2006). Clastogenicity, 
photo-clastogenicity or pseudo-photo-clastogenicity: genotoxic effects of zinc oxide in the 
dark, in pre-irradiated or simultaneously-irradiated Chinese hamster ovary' cells. Mutat. Res., 
607,215-224

Garrigue J-L, Ballantyne M, Kumaravel T, Lloyd M, Nohynek G J, Kirkland D and Toutain 
H (2006). In vitro genotoxicity of para-phenylenediamine and its N-monoacetyl or N,N’- 
diacetyl metabolites. Mutat. Res. 608, 58-71.

Kirkland D, Aardema M, Müller L and Hayashi M (2006). Evaluation of the ability of a 
battery of 3 in vitro genotoxicity tests to discriminate rodent carcinogens and non
carcinogens. II. Further analysis of mammalian cell results, relative predictivity and tumour 
profiles. Mutat. Res. 608, 29-42.

Kirkland D and Beevers C (2006). Induction of L a c Z  mutations in Muta™Mouse can 
distinguish carcinogenic from non-carcinogenic analogues of di ami notoluenes and 
nitronaphthalenes. Mutat. Res. 608, 88-96.

Kirkland D J, Hayashi M, Jacobson-Kram D, Kasper P, MacGregor J T, Müller L and Uno
Y (2007). The International workshops on Genotoxicity Testing (1WGT): History and 
achievements. Mutat. Res., 627, 1-4.

Kirkland D J, Hayashi M, Jacobson-Kram D, Kasper P, MacGregor J T, Müller L and Uno
Y (2007). Summary of major conclusions from the 4th IWGT. Mutat. Res., 627, 5-9.

Thybaud V, Aardema M, Clements J, Dearfield K, Galloway S, Hayashi M, Jacobson-Kram 
D, Kirkland D, MacGregor J T, Marzin D, Ohyama W, Schuler M, Suzuki H and Zeiger E

D r David J  K irkland
Curriculum Vitae

Page 10

RM 000900



(2007). Strategy for genotoxicity testing: Hazard identification and risk assessment in relation 
to in vitro testing. Mutat. Res., 627, 41-58.

Kirkland D, Whitwell J, Deyo J and Serex T (2007). Failure of antimony trioxide to induce 
micronuclei or chromosomal aberrations in rat bone marrow after sub-chronic dosing. Mutat. 
Res., 627, 119-128.

Kirkland D, Pfuhler S, TweatsD, AardemaM, Corvi R, Darroudi F, Elhajouji A, Glatt 
H Hastwell P, Hayashi M, Kasper P, Kirchner S, Lynch A, Marzin D, Maurici D,
Meunier J-R, Müller L, Nohynek G, Parry J, Parry E, Thybaud V, Tice R, vat Benthem 
J, Vanparys P and White P (2007). How to reduce false positive results when undertaking 
in vitro genotoxicity testing and thus avoid unnecessary follow-up animä tests: Report of 
an ECVAM workshop. Mutat. Res., 628, 31-55.

Tice R R, Gatehouse D, Kirkland D and Speit G (2007). The pathogen reduction treatment 
of platelets with S-59 HCI (Amotosalen) plus ultraviolet A light: Genotoxicity profileand 
hazard assessment. Mutat. Res. 630, 50-68.

Kirkland D J, Aardema M, Banduhn N, Carmichael P, Fautz R, Meunier J-R aid Pfuhler 
S (2007). In  vitro approaches to develop weight of evidence (WoE) end mode of action 
(MoA) discussions with positive in  vitro genotoxicity results. Mutagenesis 22, 161-175.

Long L H, Kirkland D and Halliwell B (2007) Different cytotoxicities of epigallocatechin 
gallate or ascorbate in various cell culture media due to variable rates of oxidation in the 
culture medium. Mutat. Res. 634, 177-183.

Theogaraj E, Riley S, Hughes L, Maier M and Kirkland D (2007). An investigation of the 
photo-clastogenic potential of ultrafine titanium dioxide particles. Mutat. Res. 634, 205-219.

Kirkland D, Kasper P, Müller L, Corvi R and Speit G (2008). Recommended lists of 
genotoxic aid non-genotox i c chemi cal s for assessment of the performance of new or 
improved genotoxicity tests: A follow-up to an ECVAM workshop. Mutat. Res. 653, 99
108.

Kirkland D and Speit G (2008). Evaluation of the ability of a battery of 3 in vitro 
genotoxicity tests to discriminate rodent carcinogens and non-carcinogens. III. Appropriate 
follow-up testing in vivo. Mutat. Res. 654, 114-132.

Lorge E, Hayashi M, Albertini S and Kirkland D (2008). Comparison of different methods 
for an accurate assessment of cytotoxicity in the in vitro micronucleus test. I. Theoretical 
aspects. Mutat. Res. 655, 1-3

Fellows M D, O’Donovan M R, Lorge E and Kirkland D (2008). Comparison of different 
methods for an accurate assessment of cytotoxicity in the in vitro micronucleus test. II. 
Practical aspects with toxic agents. Mutat. Res. 655, 4-21

Blakey D, Galloway S M, Kirkland D J and MacGregor J T (2008). Regulatory aspects of 
genotoxicity testing: from hazard identification to risk assessment. Mutat. Res. 657, 84-90.
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Dufour E K, Whitwell J, Nohynek G J, Kirkland D and Toutain H (2009). Retinyl palmitate 
is non-genotoxic in Chinese hamster ovary cells in the dark or after pre-irradiation or 
simultaneous irradiation with UV light. Mutat. Res. 672, 21-26

Benfenati E, Benigni R, DeMarini D M, Helma C, Kirkland D, Martin T M, Mazzatorta P, 
Ou'edraogo-Arras G, Richard A M, Schilter B, Schoonen W G E J, Snyder R D and Yang C 
(2009). Predictive Models for Carcinogenicity and Mutagenicity: Frameworks, State-of-the- 
Art, and Perspectives. J. Env. Sci. Health Part C, 27, 57-90.

Kirsch-Volders M, Gonzalez L, Carmichael P and Kirkland D (2009). Risk assessment of 
genotoxic mutagens with thresholds: A brief introduction. Mutat. Res. 678, 72-75.

Eichenbaum G, Johnson M, Kirkland D, O’Neill P, Stellar S, Bielawne J, DeWire R, Areia 
D, Bryant S, Weiner S, Desai-Krieger D, Guzzie-Peck P, Evans D C and Tonelli A (2009). 
Assessment of the genotoxic and carcinogenic risks of p-nitrophenol when it is present as an 
impurity in a drug product. Regul. Tox. Pharm. 55, 33-42.

Pfuhier S, Kirkland D, Kasper P, Hayashi M, Vanparys P, Carmichael P, Dertinger S, 
Eastmond D, Elhajouji A, Krul C, Rothfuss A, Schoening G, Smith A, Speit G, Thomas C, 
van Benthem J and Corvi R (2009). Reduction of use of animals in regulatory genotoxieity 
testing: Identification and implementation opportunities—Report from an ECVAM 
workshop. Mutat. Res.680, 31-42.

Kirkland D (2010). Evaluation of different cytotoxic and cytostatic measures for the in vitro 
micronucleus test (MNVit): Introduction to the collaborative trial. Mutat. Res. 702, 135-138.

Kirkland D (2010). Evaluation of different cytotoxic and cytostatic measures for the in vitro 
micronucleus test (MNVit): Summary of results in the collaborative trial. Mutat. Res. 702, 
139-147.

Fowler P, Whitwell J, Jeffrey L, Young J, Smith K and Kirkland D (2010). Cadmium 
chloride, benzo[a]pyrene and cyclophosphamide tested in the in vitro mammalian cell 
micronucleus test (MNvit) in the human lymphoblastoid cell line TK6 at Covance 
laboratories, Harrogate UK in support of OECD draft Test Guideline 487. Mutat. Res. 702, 
171-174

Fowler P, Whitwell J, Jeffrey L, Young J, Smith K and Kirkland D (2010). Etoposide: 
colchicine; mitomycin C and cyclophosphamide tested in the in vitro mammalian cell 
micronucleus test (MNvit) in Chinese hamster lung (CHL) cells at Covance laboratories; 
Harrogate UK in support of OECD draft Test Guideline 487. Mutat. Res. 702, 175-180.

Whitwell J, Fowler P, Allars S, Jenner K, Lloyd M, Wood D, Smith K, Young J, Jeffrey L, 
Kirkland D (2010). 5-Fluorouracil, colchicine, benzo[a]pyrene and cytosine arabinoside 
tested in the in vitro mammalian cell micronucleus test (MNvit) in Chinese hamster V79 cells 
at Covance Laboratories, Harrogate, UK in support of OECD draft Test Guideline 487.
Mutat. Res. 702, 230-236.
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Whitwell J, Fowler P, Allars S, Jenner K, Lloyd M, Wood D, Smith K, Young J, Jeffrey L, 
Kirkland D (2010). 2-Aminoanthracene, 5-fluorouracil, colchicine, benzo[a]pyrene, 
cadmium chloride and cytosine arabinoside tested in the in vitro mammalian cell 
micronucleus test (MNvit) in Chinese hamster ovary (CHO) cells at Covance Laboratories, 
Harrogate UK in support of OECD draft Test Guideline 487. Mutat. Res. 702, 237-247.

Kirkland D and Fowler P (2010). Further analysis of Ames-negative rodent carcinogens that 
are only genotoxic in mammalian cells in vitro at concentrations exceeding 1 mM, including 
retesting of compounds of concern. Mutagenesis 25, 539-553.

Dearfield K L, Thybaud V, Cimino M C, Custer L, Czich A, Harvey J S, Hester S, Kim J H, 
Kirkland D, Levy D D, Lorge E, Moore M M, Ouedraogo-Arras G, Schuler M, Suter W, 
Sweder K, Tarlo K, van Benthem J, van Goethem F and Witt K L (2011). Follow-up actions 
from positive results of in vitro genetic toxicity testing. Environ. Mol. Mutagen. 52, 177-204.

Kirkland D, Reeve L, Gatehouse D and Vanparys P (2011). A core in vitro genotoxicity 
battery comprising the Ames test plus the in vitro micronucleus test is sufficient to detect 
rodent carcinogens and in vivo genotoxins. Mutat. Res. 721, 27-73.

Bowen D E, Whitwell J H, Lillford L, Henderson D, Kidd D, McGarry S, Pearce G, Beevers 
C and Kirkland D J (2011). Evaluation of a multi-endpoint assay in rats, combining the 
bone-marrow micronucleus test, the Comet assay and the flow-cytometric peripheral blood 
micronucleus test. Mutat. Res. 722, 7-19.

Galloway S, Lorge E, Aardema M J, Eastmond D, Fellows M, Heflich R, Kirkland D, Levy 
D D, Lynch A M, Marzin D, Morita T, Schuler M and Speit G (2011). Workshop summary: 
Top concentration for in vitro mammalian cell genotoxicity assays; and report from working 
group on toxicity measures and top concentration for in vitro cytogenetics assays 
(chromosome aberrations and micronucleus). Mutat. Res. 723, 77-83.

Rothfuss A, Honma M, Czich A, Aardema M J, Burlinson B, Galloway S, Hamada S, 
Kirkland D, Heflich R H, Howe J, Nakajima M, O’Donovan M, Plappert-Helbig U, Priestley 
C, Recio L, Schuler M, Uno Y and Martus H-J (2011). Improvement of in vivo genotoxicity 
assessment: Combination of acute tests and integration into standard toxicity testing. Mutat. 
Res. 723, 108-120.

Kirkland D J, Hayashi M, Jacobson-Kram D, Kasper P, Gollapudi B, Muller L and Uno Y 
(2011). Summary of major conclusions from the 5th IWGT, Basel, Switzerland, 17-19 
August 2009, Mutat. Res. 723, 73-76.

Felter SP, Conolly RB, Bercu JP, Bolger PM, Boobis AR, Bos PMJ, Carthew P, Doerrer NG, 
Goodman JI, Harrouk WA, Kirkland DJ, Lau SS, Llewellyn GC, Preston RJ, Schoeny R, 
Schnatter AR, Tritscher A, van Velsen F, and Williams GM (2011). A proposed framework 
for assessing risk from less-than-lifetime exposures to carcinogens. Crit. Rev. Toxicol. 41, 
507-544.
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Kirkland D, Ballantyne M, Harlfinger S, Will 0, Jahnel U, Kraus A and van Dorp C (2011). 
Further investigations into the genotoxicity of 2,6-xylidine and one of its key metabolites. 
Regul. Toxicol. Pharmacol.62, 151-159.

Kirkland D (2011). Improvements in the reliability of in vitro genotoxicity testing. Expert 
Opin. Drug Metab. Toxicol. 7, 1513-1520.

Fowler P, Smith K, Young J, Jeffrey L, Kirkland D, Pfuhler Sand Carmichael P(2012). 
Reduction of misleading (“ false” ) positive results in mammalian cell genotoxicity assays. I. 
Choice of cell type. Mutat. Res. 742, 11-25

McKeon M, Xu Y, Kirkland D, Schmuck G, Krebstanger N, Avlasevich S L and Dertinger S 
D (2012). Cyclophosphamide and etoposide canine studies demonstrate the cross-species 
potential of the flow cytometric peripheral blood micronucleated reticulocyte endpoint.
Mutat. Res. 742, 79-83.

Fowler P, Smith R, Smith K, Young J, Jeffrey L, Kirkland D, Pfuhler S, Carmichael P 
(2012). Reduction of misleading (“false”) positive results in mammalian cell genotoxicity 
assays. 11. Importance of accurate toxicity measurement. Mutat. Res. 747, 104-117.

Kier L D, Kirkland D J (2013). Review of genotoxicity studies of glyphosate and 
glyphosate-based formulations. Crit. Rev. Toxicol. 43, 283-315.

Fowler P, Smith R, Smith K, Young J, Jeffrey L, Carmichael P, Kirkland D, Pfuhler S 
(2014). Reduction of misleading ("false") positive results in mammalian cell genotoxicity 
assays. III. Sensitivity of human cell types to known genotoxic agents, Mutat. Res. 767, 28
36.

Kirkland D, Zeiger E, Madia F, Gooderham N, Kasper P, Lynch A, Morita T, Ouedraogo G, 
Parra Morte J M, Pfuhler S, Rogiers V, Schulz M, Thybaud V, van Benthem J, Vanparys P, 
Worth A, Corvi R (2014). Can in vitro mammalian cell genotoxicity test results be used to 
complement positive results in the Ames test and help predict carcinogenic or in vivo 
genotoxic activity? I. Reports of individual databases presented at an EURL ECVAM 
Workshop, Mutat. Res.775-776, 55-68.

Kirkland D, Zeiger E, Madia F, Corvi R (2014). Can in vitro mammalian cell genotoxicity 
test results be used to complement positive results in the Ames test and help predict 
carcinogenic or in vivo genotoxic activity? II. Construction and analysis ot a consolidated 
database, Mutat. Res. 775-776, 69-80.

Kirkland D, Edwards J, Woehrle T, Beilstein P (2015). Investigations into the genotoxic 
potential of olive extracts. Mutat. Res. 777, 17-28.

Martus H-J, Hayashi M, Honma M, Kasper P, Gollapudi B, Müller L, Schoeny R, Uno Y, 
Kirkland D J (2015). Summary of major conclusions from the 6th International Workshop 
on Genotoxicity Testing (IWGT), Foz do Igua?u, Brazil. Mutat. Res. 783, 1-5.
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Whitwell J, Smith R, Jenner K, Lyon H, Wood D, Clements J, Gollapudi B, Kirkland D, 
Lorge E, Pfuhler S, Tanir J, Thybaud V (2015). Relationship between p53 status, apoptosis 
and induction of micronuclei in different human and mouse cell lines in vitro: implications 
for improving existing assays. Mutat. Res.789-790, 7-27.

Kirkland D, Brock T, Haddouk H, Hargeaves V, Lloyd M, Me Garry S, Proudlock R, 
Sarlang S, Sewald K, Sire G, Sokolowski A, Ziemann C (2015). New investigations into the 
genotoxicity of cobalt compounds and their impact on overall assessment of genotoxic risk. 
Regul. Toxicol. Pharmacol. 73, 311-338.

Kirkland D, Gatehouse D (2015). Aspartame: a review of genotoxicity data. Food Chem. 
Toxicol. 84, 161-168.
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EDUCATION AND TRAINING

University of Pittsburgh B.S. (Honors) Mathematics
Pittsburgh, Pennsylvania 1973

University of Pittsburgh M.S. (Hyg.) Biostatistics
Graduate School of Public Health 1974

University of Pittsburgh Ph.D. Biostatistics
Graduate School of Public Health 1977

APPOINTMENTS AND POSITIONS

Wesley Institute 
Bethel Park, Pennsylvania

University of Pittsburgh
Graduate School of Public Health (GSPH)

University of Pittsburgh, GSPH

University of Pittsburgh
School of Health Related Professions

University of Pittsburgh
Center for Environmental Epidemiology

University of Minnesota 
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University of Pittsburgh, GSPH

University of Pittsburgh, GSPH

University of Pittsburgh, GSPH
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Research Associate

Assistant Professor of Biostatistics

Adjunct Assistant Professor 
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Faculty, Graduate Summer 
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Associate Professor of Biostatistics
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MEMBERSHIP IN PROFESSIONAL ORGANIZATIONS AND SCIENTIFIC SOCIETIES

1974-date American Statistical Association
-Secretary, Vice President, President-Pittsburgh Chapter, 1979-82 
-National Council Representative, 1981-1982

1974-date Biometric Society

1978-date Society for Occupational and Environmental Health 
-National Governing Council, 1986-1989

1979-date Society for Epidemiological Research

1986-date Pennsylvania Public Health Association 
-Member, Board of Directors, 1989-92

1988-date International Society for Environmental Epidemiology

1996-date International Commission on Occupational Health

1997-date American College of Epidemiology 
- Fellowship, 1997

2001-2010 British Occupational Hygiene Society

HONORS and AWARDS

1973 B.S., Cum Laude

1981 Adolf G. Kammer Merit in Authorship Award - Best Publication in Field of Occupational 
Health, American Occupational Medical Association

1985 Delta Omega, Public Health Honorary Society

1986 Tenure, University of Pittsburgh, Department of Biostatistics

1994 Outstanding Teacher Award, Graduate School of Public Health

1997 Biographical Entry in W h o 's  W h o  in  S c i e n c e  a n d  E n g i n e e r in g

1997 Fellowship, American College of Epidemiology

1999 50 at 50 Award, Graduate School of Public Health (selected as one of 50 outstanding 
contributors in field of public health in 50 year history of school)

2002 Biographical Entry in W h o 's  W h o  in  M e d i c i n e  a n d  H e a l t h c a r e

2003 Biographical Entry in 2 0 0 0  O u t s t a n d i n g  S c i e n t i s t s  o f  t h e  2 1 st C e n t u r y

2004 Biographical Entry in W h o 's  W h o  in  A m e r i c a

2005 Biographical Entry in W h o 's  W h o  in  A m e r i c a n  E d u c a t i o n

2006, 08 ,0 9 ,1 3  University of Pittsburgh Innovator Award for work on OCMAP software package

Gary M. Marsh, Ph. D., F.A. C. E. Page 2

RM 000907



PUBLICATIONS

1. Articles

а. Published Refereed Articles

1. Cohen J and Marsh GM: Testing for the Communicability of Economic Ideas Via the Federal Reserve 
Bank, Reviews: A Learning Experiment. Journal of Economics Education 8:104-107, 1977.

2. Marsh GM and Enterline PE: A Method for Verifying the Completeness of Cohorts Used in 
Occupational Mortality Studies. Journal of Occupational Medicine 21:665-670,1979.

3. Marsh GM and Preininger ME: OCMAP: A User-Oriented Occupational Cohort Mortality Analysis 
Program. American Statistician 34:245-246,1980.

4. Enterline PE and Marsh GM: Mortality Studies of Smelter Workers. American Journal of Industrial 
Medicine 1:251-259,1980.

5. Summers WK, Viesselman JO, and Marsh GM: The Use of THA in the Treatment of Alzheimer-Like 
Dementia. Biological Psychiatry 16:145-153,1981.

б. Summers WK, Munoz R, Reed M, and Marsh GM: The Psychiatric Physical Examination: Findings in 
75 Unselected Patients. Journal of Clinical Psychiatry 42:99-102,1981.

7. Linn JG, Stuart JC, Warnicki JW, Sinclair RA, and Marsh GM: Endothelial Morphology in Long-Term 
Keratonconus Corneal Transplants. Ophthalmology 88:761-770,1981.

8. Enterline PE and Marsh GM: Mortality among Nickel Workers in a Nickel Refinery and 
Manufacturing Plant in West Virginia. Journal of the National Cancer Institute 68:925-933,1982.

9. Marsh GM: Computerized Approach to Verifying Study Population Data in Occupational 
Epidemiology. Journal of Occupational Medicine 24:596-601, 1982.

10. Enterline PE and Marsh GM: Missing Records in Occupational Disease Epidemiology. Journal of 
Occupational Medicine 24:677-680,1982.

11. Enterline PE and Marsh GM: Cancer among Workers Exposed to Arsenic and other Substances in a 
Copper Smelter. American Journal of Epidemiology 116:895-911,1982.

12. Marsh GM: Proportional Mortality Patterns among Chemical Plant Workers Exposed to 
Formaldehyde. British Journal of Industrial Medicine 39:313-322,1982.

13. Marsh GM: Mortality among Workers from a Plastics Producing Plant: A Matched Case Control 
Study Nested Within a Cohort Study. Journal of Occupational Medicine 25:219-230,1983.

14. John LR, Marsh GM, and Enterline PE: Evaluating Occupational Hazards Using Only Information 
Known to Employers: A Comparative Study. British Journal of Industrial Medicine 40:346-352, 1983.

15. Enterline PE, Marsh GM, and Esmen NA: Respiratory Disease among Workers Exposed to Mineral 
Fiber. American Review of Respiratory Disease 128:1-7,1983.

16. Marsh GM: A Critical Review of Epidemiologic Studies Related to Ingested Asbestos. Environmental 
Health Perspectives 53:49-56,1983.
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17. Summers WK, Marsh GM, Chiong B, Bugoyne RM, Swenson SW, and Walker NR: The General Adult 
In-Patient Psychiatric Assessment Scale (GAIPAS). Psychiatry Research 10:217-236,1983.

18. Marsh GM: Commentary: Additional Thoughts on the Review of Epidemiologic Studies Related to 
Ingested Asbestos. Environmental Health Perspectives 53:185-187,1983.

19. Caplan RJ, Marsh GM, and Enterline PE: A Generalized Effective Exposure Modeling Program for 
Assessing Dose-Response in Epidemiologic Investigations. Computers and Biomedical Research 
16:587-596, 1984.

20. Helmkamp J, Talbott E, and Marsh GM: Whole Body Vibration-A Critical Review. American 
Industrial Hygiene Association Journal 45:162-167,1984.

21. Stehr PA, Gloninger MF, Kuller LH, Marsh GM, Radford EP, and Weinberg G: Vitamin A Deficiencies 
as a Predisposing Factor in the Development of Stomach Cancer. American Journal of Epidemiology 
121:65-79,1985.

22. Rao BR, Marsh GM, and Winwood J: Sidak-Type Simultaneous Prediction Intervals for the Measures 
RSRRj About the Corresponding SePMR; for Several Competing Risks of Death in an Epidemiologic 
Study. Journal of Statistical Planning and Inference 12:311-329,1985.

23. Rao BR, Marsh GM, and Winwood J: Sidak-Type Simultaneous Confidence Intervals for the 
Measures RSMRj in Proportional Mortality Analyses Involving Competing Risks of Death. 
Communications in Statistics-Theory and Methods 15:515-536,1986.

24. Marsh GM, Ehland J, Paik M, Preininger M, Caplan R: OCMAP/PC: A User Oriented Cohort Mortality 
Analysis Program for the IBM PC. The American Statistician 40:308-309,1986.

25. Summers WK, Majowski LJ, Marsh GM, Tachiki K, and Kling A: Use of Oral TFJA in Long-Term 
Treatment of Senile Dementia, Alzheimer's Type. New England Journal of Medicine 315:1241-1245, 
1986.

26. Marsh GM, Winwood J, and Rao BR: Prediction of the Standardized Risk Ratio Via Proportional 
Mortality Analysis. Biometrical Journal 29:355-368,1987.

27. Enterline PE, Henderson VL, and Marsh GM: Exposure to Arsenic and Respiratory Cancer: A Re
Analysis. American Journal of Epidemiology 125:929-938,1987.

28. Marsh GM: A Strategy for Merging and Analyzing Work History Data in Industry-wide Occupational 
Epidemiology Studies. American Industrial Hygiene Association Journal 48:414-419,1987.

29. Rao BR, Marsh GM: Approximate Methodologies for Proportional Mortality Analyses in 
Epidemiologic Studies Involving Competing Risks of Death Regardless of Their Covariance Structure. 
Biometrical Journal 29:525-540, 1987.

30. Enterline PE, Marsh GM, Esmen NA, Henderson VL, Callahan C, and Paik M: Some Effects of 
Cigarette Smoking, Arsenic, and S 0 2 on Mortality among U.S. Copper Smelter Workers. Journal of 
Occupational Medicine 29:831-838,1987.

31. Enterline PE, Marsh GM, Henderson V, and Callahan C: Mortality Update of a Cohort of U.S. Man
Made Mineral Fiber Workers. The Annals of Occupational Hvfiiene 31:625-656,1987.

32. Rao BR and Marsh GM: Approximate Simultaneous Inferential Procedures for Overall Risk 
Assessment of Several Competing Risk Factors in Biomedical and Epidemiologic Studies. Journal of 
Statistical Inference and Planning 18:323-344,1988.
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33. Marsh GM, Sachs DPL, Callahan C, Leviton LC, Ricci E, and Henderson V: Direct Methods of 
Obtaining Information on Tobacco Use in Occupational Studies. American Journal of Industrial 
Medicine 13:71-104,1988.

34. Rao BR and Marsh GM: Approximate Variance Formulas and Asymptotic Joint Sampling Distribution 
of Standardized Risk Ratios in the Presence of Competing Risks in Cohort Studies. Communications 
in Statistics-Theory and Methods 17:745-777,1988.

35. Marsh GM, Costantino JP, Lyons EE, Logue JN, and Fox JM: Health Effects of Exposure to the Drake 
Chemical Company Superfund Site: Morbidity Patterns among Former Employees. Journal of 
Environmental Health 50:389-394,1988.

36. Summers WK, Kobhler AL, Marsh GM, Tachiki R, Kling A: Long Term Hepatoxicity of 
Tetrahydroaminoacridine. Lancet 8640, April 1:729,1989.

37. Rao BR, Marsh GM, and Winwood J: Asymptotic Interval Estimation of Some Cause-Specific 
Mortality Risk Measures in Epidemiologic Studies. Biometrical Journal 31:461-475,1989.

38. Collins JJ, Swaen G, Marsh GM, Utidjian HMD, Caporossi JC, Saipher JN, et al: Mortality Patterns 
among Workers Exposed to Acrylamide. Journal of Occupational Medicine 30:614-617,1989.

39. Marsh GM, Co-Chien H, Rao BR, and Ehland J: OCMAP: Module 6 - A New Computing Algorithm for 
Proportional Mortality Analysis. American Statistician 43:127-128,1989.

40. Lilienfeld DE, Chan E, Ehland J, Godbold J, Landrigan PJ, Letz R, Marsh GM, Perl DP: Increasing 
Mortality from Motor Neuron Disease. Lancet 8640, April 1:710-713,1989.

41. Mazumdar S, Redmond CK, Enterline PE, Marsh GM, Costantino JP, Zhou SY, Patwardhan RN: 
Multistage Modeling of Lung Cancer Mortality among Arsenic Exposed Copper Smelter Workers.
Risk Analysis 9:551-563, 1989.

42. Rao BR and Marsh GM: Simultaneous Statistical Inference Concerning the SMR's of Several Strata in 
an Epidemiologic Study. Biometrical Journal 32:107-123,1990.

43. Marsh GM, Enterline PE, Stone RA, Henderson VL: Mortality among a Cohort of U.S. Man-Made 
Mineral Fiber Workers: 1985 Follow-Up. Journal of Occupational Medicine 32:594-604,1990.

44. Enterline PE, Henderson V, and Marsh GM: Mortality among Workers Potentially Exposed to 
Epichlorohydrin. British Journal of Industrial Medicine 47:269-276,1990.

45. Summers WK, Kobhler AL, Marsh GM, Tachiki R, Kling A: Comparison of Seven Psychometric 
Instruments Used for Evaluation of Treatment Effect in Alzheimers Patients. Neuroepidemiology 
9:193-207, 1990.

46. Lilienfeld DE, Chan E, Ehland J, Godbold J, Marsh GM, Landrigan PJ, and Perl DP: Two Decades of 
Increasing Mortality from Parkinson's Disease among the United States Elderly. Archives of 
Neurology 47:731-734,1990.

47. Marsh GM, Callahan C, Pavlock D, Leviton LC, Talbott E, Hemstreet G: A Protocol for Bladder Cancer 
Screening and Medical Surveillance among High Risk Groups: The Drake Health Registry Experience. 
Journal of Occupational Medicine 32:881-886,1990.

48. Lilienfeld DE, Sekkor D, Simpson S, Perl DP, Ehland J, Marsh GM, Chan E, Godbold JH, Landrigan PJ: 
Parkinsonism Death Rates by Race, Sex and Geography. A 1980's Update. Neuroepidemiology 
9:243-247, 1990.
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49. Collins JJ, Swaen GMH, Marsh GM, Hofsteenge E, von Bedaf A: Mortality among Workers Exposed 
to Acrylamide. Tiidschrift voor toefiepaste Arbowetenschap 3:54-58, 1990.

50. Marsh GM, Leviton LC, Talbott E, Callahan C, Pavlock D, Hemstreet G, Logue JN, Fox J, Schulte, P:
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Enterline, 1978.

2. Enterline PE and Marsh GM: Environment and Mortality of Workers from a Fibrous Glass Plant. In 
Dusts and Disease, Editors: R. Lernen and J.C. Dement: Pathotox Publishers, Inc. New York City, NY, 
1979.

3. Enterline PE and Marsh GM: Mortality of Workers in the Man-Made Mineral Fiber Industry. In 
Biological Effects of Mineral Fibers, Volume 2, Editor: J.C. Wagner, World Health Organization, 
International Agency for Research on Cancer, Lyon, France, 1980.

4. Enterline PE and Marsh GM: Mortality among Workers in a Nickel Refinery and Manufacturing Plant 
in West Virginia, USA. In Nickel Toxicology, Editors: S.S. Brown and F.W. Sunderman, Jr., Academic 
Press, Inc. (London) Ltd., 1980.

5. Marsh GM: Proportional Mortality among Chemical Workers Exposed to Formaldehyde. In 
Formaldehyde Toxicity. Editor: J.E. Gibson, Hemisphere Publishing, Washington, D.C., 1983.

6. Marsh GM and Caplan RJ: The Feasibility of Conducting Epidemiologic Studies of Populations 
Residing Near Hazardous Waste Disposal Sites. In Environmental Epidemiology, Editors: F.C. Kopfler 
and G.F. Craun, Lewis Publishers, Inc., Chelsea, Michigan, 1986.

7. Marsh GM and Caplan RJ: Evaluating Health Effects of Exposure to Hazardous Waste Sites: A 
Review of the State-of-the-art with Recommendations for Future Research. In Health Effects from 
Hazardous Waste Sites, Editors: J.B. Andelman and D.W. Underhill, Lewis Publishers, Inc. Chelsea, 
Ml, 1987.

8. Summers WK, Majovski LV, Marsh GM, Tachiki K and Kling A: Tacrine, Back to the Future? In 
Current Research in Alzheimer Therapy: Cholinesterase Inhibitors, Editors: E. Giacabini and R.
Becker, Taylor and Francis, New York, 1988.

9. Marsh GM: Occupational Epidemiology. In Environmental and Occupational Medicine, Second 
Edition, Editor: W.N. Rom, Little, Brown, and Company, Boston, MA, 1992.

10. Marsh GM: Statistical Issues in the Design, Analysis and Interpretation of Environmental 
Epidemiological Studies. In Environmental Epidemiology Methods, Editor: G. Craun and E. Talbott, 
CRC Press, Boca Raton, FL, 1995.

11. Marsh GM: Basic Occupational Epidemiologic Measures. In Occupational Medicine: State of the Art 
Reviews. Occupational Epidemiology Issues, Editor: Ki Moon Bang, Hanley & Belfus, Inc., Medical 
Publishers, Philadelphia, PA, Vol. 11, No. 3, July-September 1996.

12. Heenan MT, Marsh GM: NIOSH Investigations. In Workplace Safety and Health, Para. 33. 700 et 
sea., Clark Boardman Callaghan, 1997.

13. Marsh GM: Epidemiology of Occupational Diseases. In Environmental and Occupational Medicine, 
Third Edition, Editor: W.N. Rom, Little, Brown, and Company, Boston, MA, 1998.

14. Marsh GM: Epidemiology of Occupational Diseases. In Environmental and Occupational Medicine, 
Fourth Edition, Editor: W.N. Rom, Wolters Kluwer/ Lippincott Williams and Wilkins, Philadelphia, PA,
2007.
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15. Buchanich JM, Songer TJ, Cassidy LD, Marsh GM, Ford HR. A Clinical Decision-Making Rule for Mild 
Head Injury in Infants and Toddlers. VDM Verlag Dr. Muller Aktiengesellschaft & Co., Saarbrücken, 
Germany, 2008.

3. Reviews, Invited Published Papers, Proceedings of Conferences and Symposia, Monographs and 
Letters

1. Enterline PE, Marsh GM: Mortality among Workers in a Nickel Refinery and Manufacturing Plant in 
West Virginia, USA. Proceeding of the Second International Conference on Nickel Toxicology, 
Swansea, Wales, September 3-5,1980.

2. Stubbs HK, Marsh GM, and Preminger ME: A Misallocation Obscures. Letter to the Editor. Journal 
of Occupational Medicine 23:226-227,1981.

3. Enterline PE and Marsh GM: Mortality among Workers Exposed to Arsenic and Other Substances in 
a Copper Smelter. Proceedings of the Arsenic Symposium, Gaithersburg, Maryland, November 5, 
1981.

4. Enterline PE and Marsh GM: The Health of Workers in the United States Mineral Fiber Industry. 
Proceedings of the WHO-EURO Occupational Health Conference, Biologic Effects of Man-Made 
Mineral Fibers, Copenhagen, Denmark, April 20,1982.

5. Marsh GM: The Feasibility of Conducting Epidemiologic Studies of Populations Residing Near 
Hazardous Waste Disposal Sites. Proceedings of the 1985 American Chemical Society Symposium on 
Exposure Measurements and Evaluation Methods for Epidemiology Studies, Chicago, IL, September 
10,1985.

6. Enterline PE, Marsh GM, and Henderson VL: Mortality Update of a Cohort of U.S. Man-Made 
Mineral Fiber Workers. Proceedings of the International Symposium on Man-Made Mineral Fibers in 
the Working Environment, Copenhagen, Denmark, October 28, 1986.

7. Marsh GM: The University of Pittsburgh Epidemiology Studies of Man-Made Mineral Fiber Workers. 
Proceedings of the 1992 Toxicology Forum Annual Winter Meeting, Washington, DC., February 17
1 9 ,1992.

8. Stone RA, Marsh GM, Lee KY, Smith, TJ, Quinn MM, Wilcox MA: Assessing Joint Effects of Multiple 
Time-Dependent Exposures. Proceedings of the 9th ICOH International Symposium on Epidemiology 
in Occupational Health, Cincinnati, OH, September, 23-25,1992.

9. Marsh GM, Stone RA, Henderson VL, Smith TJ, Quinn MM, Wilcox MA: An Evaluation of New Fiber 
and Co-Exposure Data for the U.S. Cohort of Fiber Glass Production Workers. Proceedings of the 9th 
ICOH International Symposium on Epidemiology in Occupational Health, Cincinnati, OH, September, 
23-25, 1992.

10. Smith TJ, Quinn MM, Wilcox MA, Yu RC, Schneider T, Marsh GM: Extrapolation of Past Fiber 
Exposures in the Production of Man Made Vitreous Fibers. Proceedings of the 9th ICOH nternational 
Symposium on Epidemiology in Occupational Health, Cincinnati, OH, September, 23-25,1992. 11

11. Marsh GM, Day R, Youk J: An Expert System for a Standardized Risk Assessment Protocol Used at 
Hazardous Waste Sites. Proceedings of the 1993 ATSDR International Congress on the Health Effects 
of Hazardous Waste, Atlanta, GA, May 3-6,1993.
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12. Marsh GM, Leviton LC, Talbott EO, Schall LS, Pavlock D, Hemstreet G, Logue J, Fox J, Schulte P: The 
Drake Chemical Workers Health Registry Study: Notification and Medical Surveillance of a Group of 
Workers at High Risk of Developing Bladder Cancer. Proceedings of the 1993 ATSDR International 
Congress on the Health Effects of Hazardous Waste, Atlanta, GA, May 3-6, 1993.

13. Stone RA, Marsh GM, Owens AO, Smith TJ: Propagation of Errors Using Retrospective Exposure 
estimates in the Cox Model. Proceedings of the 10th ICOH Annual International Congress on 
Occupational Health, Nice, France, September 12-16,1993.

14. Stone RA, Marsh GM, Youk AO, Quinn MM, Smith TJ: Retrospective Estimation of Airborne Fiber 
Exposure: Statistical Aspects. American Statistical Association, 1994 Proceedings of the Section on 
Epidemiology, Pittsburgh, PA 152.127-132.

15. Marsh, GM, Stone RA, Henderson VL, Esmen NA: Misclassification of Nasopharyngeal Cancer. Letter, 
Journal of the National Cancer Institute. 86:1556-1558, 1994.

16. Esmen NA, Marsh GM, Stone RA, Gula MJ, Gause CK: Quantifying Individual Residential Exposure to 
Smelter Emissions in Four Arizona Copper Smelting Communities: Exposure Estimation Procedures 
and Results. Proceedings of the 1995 ATSDR International Conference on Hazardous Waste: Impact 
on Human and Ecological Health, Atlanta, GA, June 5-8,1995.

17. Stone RA, Marsh GM, Gula MJ, Gause CK, Esmen NA: Quantifying Individual-Level Lifetime 
Residential Exposure to Smelter Emissions in Four Arizona Copper Smelting Communities: Missing 
Data Issues. Proceedings of the 1995 ATSDR International Conference on Hazardous Waste: Impact 
on Human and Ecological Health, Atlanta, GA, June 5-8,1995.

18. Marsh GM, Stone RA, Youk AO, Smith TJ: Comments on IARC 1990 Follow-Up of European MMVF 
Worker Study. Epidemiology 9:218,1998.

19. Casanova M, Cole P, Collins JJ, Connolly R, Delzell E, Heck Hd HA, Leonard R, Lewis R, Marsh GM, Ott 
MG, Sorahan T, Axten C. Comments on, "Mortality from Lymphohematopoietic Malignancies among 
Workers in Formaldehyde Industries, Journal of the National Cancer Institute Jun 16;96(12): 966
967; Author Reply 967-968, 2004.

20. Marsh GM. Overview of Formaldehyde Epidemiology. Proceedings of the 2005 European Toxicology 
Forum, Brussels, Belgium, November 8-10, 2005.

21. Marsh GM. EMF-ELF Exposure Potentials among Magnetic Particle Inspections Workers.
Proceedings of the International Workshop to Evaluate Future Needs of Occupational ELF 
Epidemiology, Edinburgh, Scotland, September 14-15, 2006.

22. Marsh GM, Youk AO, Roggli VL: Letter to the editor in response to Finkelstein et al. (2012).
Inhalation Toxicology. 24: 141-142, 2012.

4. Published Abstracts

1. Marsh GM, Stone RA, Henderson V, Smith TJ, Hallock MF, Quinn MM: The Potential Impact of 
Exposure Misclassification and Confounding on the Lung Cancer Mortality Experience of U.S. Mineral 
Wool Fiber Workers. (Abstract) Revue D'epidemiologie et de Santé Publique 40 :S71 ,1992.

2. Marsh GM, Smith TJ, Stone RA, Hallock MF, Quinn MM: L'Impact des Erreurs de Classification et des 
Facteurs Confusion sur la Mortalité des Travailliers dans la Fabrication de Fibre de Verre 
Synthétique. Archives des Maladies Professionnelles 53:547,1992.
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3. Smith TJ, Quinn M, Marsh GM, Hallock MF: Extrapolation des Expositions Passées pour les 
Travailleurs de la Production de Laine de Verre: Une Approche Integree pour L'Epidemiologie. 
Archives des Maladies Professionnelles 53:552,1992.

4. Marsh GM, Stone R, Owens AD, Henderson V, Smith T, Quinn M. A descriptive analysis of the new 
fiber and co-exposure data for the U.S. cohort study of man-made vitreous fiber production 
workers. The 24th International Congress on Occupational Health, Nice, France; 1993.

5. Stone RA, Marsh GM, Owens AD, Smith TJ, Quinn MM. Statistical estimation of fiber exposures 
assigned to unmeasured jobs. I.A.R.C. Conference on Retrospective Assessment of Occupational 
Exposures in Epidemiology, Lyon, France; 1994.

6. Marsh GM, Stone RA, Youk AO, Henderson VL, Smith TJ, Quinn MM. 1989 update of the U.S. cohort 
mortality study of rock and slag wool workers. Symposium on the Health Effects of Fibrous Materials 
Used in Industry, Sydney, Australia; 1995.

7. Stone RA, Marsh GM, Gula MJ, Esmen NA, Gause CK: Quantifying Individual-Level Lifetime 
Exposures to S02 Emissions in Gila River Basin Arizona Copper Smelter Communities. Epidemiology 
6:S44, July 1995.

8. Stone RA, Marsh GM, Youk AO, Enterline PE: Modelling the Combined Effects of Exposure and 
Cigarette Smoking on Respiratory Cancer Risk for Copper Smelter Workers: Methodological Issues. 
Epidemiology 6:S114, July 1995.

9. Esmen NA, Stone RA, Marsh GM, Gula MJ: An Investigation of Secondary Exposure Misclassification 
Effects of Lifelong Occupational History in Exposure Estimation. Paper No. 325 American Industrial 
Hygiene Conference, Washington, D.C., May 1996 (extended abstract).

10. Rohay JM, Marsh GM, Sereika S, Mazumdar S, Dunbar-Jacob: The Effects of Aggregation on 
Medication Compliance History in Repeated Measures ANOVA: A Simulation Study. Controlled 
Clinical Trials 15 (suppl. 3) 98,1994.

11. Youk AO, Stone RA, Marsh GM: Assessing a Method for Allocating Partially Classified Person-Time: A 
Simulation Study. Annals of Epidemiology 9:458,1999.

12. Schall LC, Marsh GM, Buchanich JM, Bittner, G: A Comparison of Three National Vital Status Tracing 
Services for Large Scale. Annals of Epidemiology 9:457-458,1999.

13. Marsh GM, YOUK AO, Stone RA, Buchanich JM, Gula MJ, Smith TJ, Churg A, Colby T. Does fiberglass 
pose a respiratory system cancer risk in humans? Latest findings from the US cohort and nested 
case-control studies. Annals of Occupational Hygiene, Inhaled Particles IX Supplement.

14. Marsh GM, Youk AO, Buchanich JM, Cassidy LD, Lucas U, Esmen NA, Gathuru I. Formaldehyde 
Exposure and Respiratory Tract Cancer among Chemical Plant Workers: An Updated Cohort Study 
and New Nested Case-Control Study. Annals of Occupational Hygiene 2003.

15. Marsh GM, Youk AO, Buchanich JM, Esmen NA. Mortality Patterns among Pharmaceutical 
Production Workers at One U.S. Site. Annals of Occupational Hygiene. 2004.

16. Marsh GM, Youk AO, Buchanich JM, Esmen NA. Mortality Patterns among Workers Exposed to 
Chloroprene and Other Substances. Annals of Occupational Hygiene 2005.

17. Marsh GM, Buchanich JM, Lieberman FS, Youk AO, Bornemann Z, Esmen NE, Lacey SE, Kennedy K, 
Hancock R. An epidemiological study of brain cancer mortality and incidence among a cohort of jet 
engine manufacturing workers. Society of Neuro-Oncology 2006 MeetingProceedings.
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18. Marsh GM, Buchanich JM, Lieberman FS, Youk AO, Bornemann Z, Esmen NE, Lacey SE, Kennedy K, 
Hancock R. An epidemiological study of brain cancer mortality and incidence among a cohort of jet 
engine manufacturing workers: Year 5 Study Update. Society of Neuro-Oncology 2007 Meeting 
Proceedings.

19. Esmen NA, Hancock RP, Lacey SE, Kennedy KJ, Marsh GM, Buchanich JM. Exposure to Aerosol 
Generated in High Temperature Alloy Surface Grinding. Annals of Occupational Hygiene 2007.

20. Lacey S, Horvatin S, Alcazar T, Kennedy K, Hancock R, Esmen N, Buchanich J, Youk A, Cunningham M, 
Marsh GM, Myers D. Examination of Worker Ability to Recall Personal Occupational History. Annals 
of Occupational Hygiene 2008.

21. Esmen NE, Kennedy KJ, Marsh GM, Buchanich JM. Exposure to lead and arsenic in copper smelting. 
Annals of Occupational Hygiene 2008

22. Lacey S, Kennedy K, Hancock R, Esmen N, Buchanich J, Youk A, Cunningham M, Marsh GM, 
Lieberman F. Exposure reconstruction to inform an epidemiologic study of brain cancer mortality 
among a cohort of jet engine manufacturing workers: an update on findings to date. Society of 
Neuro-Oncology 2008 Meeting Proceedings.

23. Marsh GM, Buchanich J, Youk A, Cunningham M, Lieberman F, Kennedy K, Lacey S, Hancock R, 
Esmen N. An epidemiological study of brain cancer mortality and incidence among a cohort of jet 
engine manufacturing workers: total and cause specific mortality with emphasis on CNS neoplasms. 
Society of Neuro-Oncology 2008 Meeting Proceedings.

24. Kennedy K, Esmen N, Buchanich J, Lacey S, Marsh GM, Youk A, Hancock R. Occupational hygiene 
considerations in a large retrospective epidemiology study: job dictionary. Annals of Occupational 
Hygiene 2009.

25. Lacey S, Gundi V, Kennedy K, Hancock R, Esmen N, Buchanich J, Youk A, Marsh GM. Application of 
GIS in occupational exposure reconstruction. Annals of Occupational Hygiene 2009.

26. Buchanich JM, Marsh GM, Esmen NA, Youk AO, Kennedy KJ. Cerebrovascular Mortality among 
Arsenic-Exposed Copper Smelter Workers. Annals of Occupational Hygiene 2009.

27. Esmen NA, Hall TA, Phillips ML, Marsh GM: Chemical Process Based Reconstruction of Exposures: 
Estimation of Task Based Exposures Method Selection, Annals of Occupational Hygiene, 2010.

28. Esmen NA, Broda TA, Hall TA, Phillips ML, Marsh GM: Chemical Process Based Reconstruction of 
Exposures: Estimation of Task Based Exposures. A Case Study. Annals of Occupational Hygiene,
2010.

29. Rohay J, Marsh GM, Anderson S, Dunbar-Jacobs J, Arena V. Statistical Assessment of Medication 
Adherence Data: A Technique to Analyze the J-Shaped Curve. Abstract: 35th Annual Meeting of the 
Society for Clinical Trials, May 18-21, 2014, Philadelphia, PA.

29. Sharma RK, Talbott EO, Marsh GM, Brink L, Zborowski J. Spatial Data Analytic Tools for Linking 
Environmental Surveillance Data to Health Outcomes: Application to Data from a Local Health 
Department. American Journal of Public Health, 2010.

30. Youk AO, Buchanich JM, Marsh GM, Fryzek J. A Study of Cancer Mortality Rates in High Altitude 
Counties of the United States. Society for Epidemiological Research, Annual Meeting, 2010.
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31. Summers W, Martin RL, Liu Y, Marsh GM. Memory Improvement in Aging Community Dwelling 
Seniors: A Single-Blinded Study of Two Antioxidant Supplements. Society for Neuroscience 
(www.sfn.org), Annual Meeting, November 15-19,2014, Washington, D.C.

32. Rohay J, Marsh GM, Anderson S, Arena V, Youk A, Dunbar-Jacob J. A Statistical Assessment of 
Medication Adherence Data: A Technique to Analyze the J-Shaped Curve. Society for Clinical Trials 
Annual Meeting, May 18-21, 2014, Philadelphia, PA.

33. Marsh GM, Buchanich J, Zimmerman S, Kennedy K, Esmen N, Moshammer H, Morfeld P, Erren T, 
Svartengren M, Westberg H, McElvenny D, Cherrie J. An International historical cohort study of 
workers in the hard-metal industry: mid-study epidemiology update. Occupational Environmental 
Medicine2014 Jun;71 Suppl l:A96-7. doi: 10.1136/oemed-2014-102362.302.

34. Kennedy K, Esmen N, Marsh GM, Buchanich J, Zimmerman S, Moshammer H, Morfeld P, Erren T, 
Svartengren M, Westberg H, McElvenny D, Cherrie J. An international historical cohort study of 
workers in the hard-metal industry: exposure assessment. Occupational and Environmental 
Medicine 06/2014; 71 Suppl 1:A65. DOI: 10.1136/oemed-2014-102362.203.

5. Other Publications

1. Marsh GM: Final Report on the Monsanto Company Indian Orchard Plant Mortality Study. Technical 
Report submitted to the Monsanto Company, December 21,1979.

2. Enterline PE and Marsh GM: Mortality among Man-Made Mineral Fiber Workers in the United 
States. Technical Report submitted to the Thermal Insulation Manufacturers Association, May 15, 
1981.

3. Marsh GM: Proportional Mortality among Chemical Workers Exposed to Formaldehyde. Technical 
Report submitted to the Monsanto Company, May 15,1981.

4. Marsh GM: A Case-Control Study of Digestive System Cancer and Genito-Urinary System Cancer 
within a Cohort of Chemical Plant Workers. Technical Report submitted to the Monsanto Company, 
October 15,1981.

5. Marsh GM and Preininger ME: OCMAP: Occupational Cohort Mortality Analysis Program-User 
Manual, Version September 1980. Copyright 1981, University of Pittsburgh, Pittsburgh, PA.

6. Enterline PE and Marsh GM: Mortality and Morbidity among Workers in a Nickel Refinery and Alloy 
Manufacturing Plant in Huntington, West Virginia. Technical Report submitted to Huntington Alloys, 
Inc. (INCO Limited), April 30, 1982.

7. Marsh GM, Costantino JP, and Lyons EE: Statistical Analysis of the Drake Superfund Site 
Occupational Health Survey. Technical Report submitted to the Pennsylvania Department of Health, 
Division of Environmental Epidemiology, September 30,1985.

8. Enterline PE, Marsh GM, Esmen NA, Henderson V, and Ricci E: Mortality among Copper and Zinc 
Smelter Workers in the United States. Technical Report submitted to the Smelter Environmental 
Research Association, January 31,1986. 9

9. Marsh GM and Enterline PE: The Deer Park Mortality Study. Mortality Patterns among a Cohort of 
Refinery and Chemical Plant Workers. Technical Report submitted to the Shell Oil Company, July 31, 
1987.
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10. Marsh GM, Levitón LC, Talbott EO, Callahan C and LaValley M: Health Registry and Epidemiologic 
Study of Former Drake (Kilsdonk) Chemical Company Workers. Annual Technical Reports submitted 
to the Pennsylvania Department of Health, Division of Environmental Health, 1987-date.

11. Enterline PE, Marsh GM, Henderson V, and Callahan C: Mortality among Man-Made Mineral Fiber 
Workers in the United States: Mortality Update 1978-82, Technical Report submitted to the Thermal 
Insulation Manufacturers Association, January, 1988.

12. Marsh GM and Day R: Decision Making and Quality Control Criteria for Conduct of Pilot and 
Epidemiology Studies by ATS DR Under SARA Section 110. Technical Report submitted to the 
Chemical Manufacturers Association, July 1988.

13. Marsh GM, Preminger M, Ehland J, Beardon A, CoChien H and Paik M. OCMAP, OCMAP/PC Version
2.0 User Manual, Copyright 1989, University of Pittsburgh, Pittsburgh, PA.

14. Marsh GM and Day R: PITT/ACC Coronary Heart Disease Study, Final Report on Prevalence Data for 
the Wallingford, CT and Wayne, NJ Study Cohorts, Technical Report submitted to the American 
Cyanamid Company, December 1989.

15. Marsh GM and Day R: PITT/ACC Coronary Heart Disease Study: Final Report on the Study of Fatal 
Coronary Heart Disease Events. Technical Report submitted to the American Cyanamid Company, 
December 1989.

16. Marsh GM, Stone RA, Henderson V: A Reanalysis of the National Cancer Institute Study on Mortality 
among Industrial Workers Exposed to Formaldehyde. Technical Report submitted to the 
Formaldehyde Institute, March 1990.

17. Marsh GM, Stone RA, Henderson V: Additional Analysis of the National Cancer Institute Study on 
Mortality among Industrial Workers Exposed to Formaldehyde. Technical Report Submitted to the 
Formaldehyde Institute, May 1991.

18. Day R, Marsh GM, Ramlow J: A Review and Critique of Ecologie Analysis as an Epidemiologic 
Research Method. Technical Report Submitted to the Chemical Manufacturers Association, July 15,
1991.

19. Day R, Marsh GM, Ramlow J: Evaluating Disease Clusters: A Practical Guidance Document.
Technical Report to the Chemical Manufacturers Association, August 1991.

20. Trauth J, Ramlow J, Marsh GM, DeCamp R, Day R: Responding to Community Concerns about 
Chemical Exposures: A Manual for DuPont Company Plant Managers. Technical Report Submitted 
to the DuPont Company, February 17, 1992.

21. Stone RA, Marsh GM, Lee KY, Smith TJ, Quinn MM, Wilcox MA: Assessing Joint Effects of Multiple 
Time-Dependent Exposures. Proceedings of the 9th ICOH International Symposium on Epidemiology 
in Occupational Health, Cincinnati, OH, September 23-25,1992.

22. Marsh GM, Stone RA, Henderson VL, Smith TJ, Quinn MM, Wilcox MA: An Evaluation of New Fiber 
and Co-Exposure Data for the U.S. Cohort of Fiber Glass Production Workers. Proceedings of the 9th 
ICOH International Symposium on Epidemiology in Occupational Health, Cincinnati, OH, September 
23-25,1992.

23. Smith TJ, Quinn MM, Wilcox MA, Yu RC, Schneider T, Marsh GM: Extrapolation of Past Fiber 
Exposures in the Production Man Made Vitreous Fibers. Proceedings of the 9th ICOH international 
Symposium on Epidemiology in Occupational Health, Cincinnati, OH, September 23-25,1992.
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24. Marsh GM, Stone RA, Henderson V: The Wallingford Cohort Study: Mortality Patterns among 
Chemical Plant Workers Exposed to Formaldehyde and Other Substances. Technical Report 
Submitted to the American Cyanamid Company, May 1,1992.

25. Marsh GM, Stone RA, Esmen NA, Gula MJ, Gause CK, Petersen NJ, Meaney FJ, Rodney S, Prybylski D: 
A Population-Based Case-Control Study of Lung Cancer Mortality in Four Arizona Smelter Towns. 
Technical Reported Submitted to Agency for Toxic Substances Disease Registry, August, 1995.

26. Marsh GM, Stone RA, Esmen NA, Gula MJ, Gause CK, Petersen NJ, Meaney FJ, Rodney S, Prybylski D: 
A Population-Based Case-Control Study of Lung Cancer Mortality in Gila Basin Smelter Towns. 
Technical Reported Submitted to the Arizona Department of Health Services, December, 1995.

27. Marsh GM, Stone RA, Youk AO, Henderson VL, Schall LC, Wayne LA, Lee KY: Mortality Patterns 
among Mineral Wool Workers, 1989 Update. Technical Report Submitted to the North American 
Insulation Manufacturer's Association, January 1996.

28. Stone RA, Marsh GM: A Review of the Proposed G-Null and G-Estimation Procedures to Control Bias 
in Occupational Cohort Studies, Report Submitted to the American Industrial Health Council, June
1996.

29. Marsh GM, Youk AO, Buchanich JM: Cohort Mortality Study of the Wallingford, Connecticut Plant. 
Additional Investigations of Pharyngeal Cancers. Technical Report Submitted to Cytec Industries, 
Inc., March 2001.

30. Marsh GM, Gula MJ, Youk AO, Schall LC: Bladder Cancer among Employees of the BP Chemicals Lima 
Ohio, Facility. Technical Report Submitted to BP Chemicals, May 2001.

31. Marsh GM, Youk AO, Buchanich JM : Cohort Mortality Study of Workers of the GenCorp Lawrence, 
Massachusetts Plastics Producing Plant. Technical Report Submitted to TERRA, Inc., May 2001.

32. Marsh GM, Cassidy LD, Youk AO: Evaluation of the Coordinated Care Network: The Gateway Health 
Plan Experience. Technical Report Submitted to Gateway Health Plan, September 2002.

33. Marsh GM, Youk AO, Morfeld P. Mis-Specified and Non-Robust Mortality Risk Models for 
Naspharyngeal Cancer in the National Cancer Institute Formaldehyde Worker Cohort Study 
Technical Report Submitted to the European Chemical Industry Council (CEFIC), February 2006.

34. Marsh GM, Buchanich JM, Youk AO. Mortality Patterns among a Cohort of U.S. Petroleum Refinery 
Workers: Updated Follow-Up. Technical Report Submitted to BP, April 2006.

35. Marsh GM, Esmen NA, Buchanich JM, Youk AO. Copperhill Cohort Mortality Study Update - Final 
Report- Phase IV. Technical Report Submitted to NIOSH, April 2006.

36. Marsh GM, Buchanich J, Cunningham M. Evaluation of Confounding by Smoking in Studies of 
Transportation Workers Exposed to Diesel Exhaust, Technical Report Submitted to International 
Truck and Engine Corporation, May 2008.

37. Esmen NA, Youk AO, Marsh GM. Evaluation of Exposure Misclassification in the NCI-NIOSH Diesel 
Exhaust in Miners Study and its Impact on Risk Estimates and Exposure-Response Relationships. 
Technical Report Submitted to the Mining Awareness Resources Group, February 1, 2012.
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PROFESSIONAL ACTIVITIES

1. Teaching (post-1990)

a. Courses Taught

BIOS 2016 - Sampling Design and Analysis, 3 credits, 12 students (current)

BIOS 2017 - Advanced Sampling Methods, 2 credits

BIOS 2011 - Principles of Statistical Reasoning, 2 credits, 50 students

BIOS 2087 - Biostatistics Consulting Practicum (Co-Director), 1 credit, 12 students

b. Other Teaching (guest lecturer)

EPID 2022 - Environmental Epidemiology, 2 credits, 15 students (current)

EPID 2019 -  Advanced Topics in Epidemiological Methods, 2 credits, 20 students (current)

BIOS 2019 - Vital and Medical Care Statistics, 2 credits, 15 students 

EPID 2018 - Epidemiologic Methods I, 2 credits, 20 students 

EOH 2180 - Introduction to the Risk Sciences, 2 credits, 7 students

c. Directed Graduate Student Essays, Theses, and Dissertations:

Jeffrey Rohay, M.S. (Bios) 1993, The Use of Computer Simulation to Explore Statistical Techniques to 
Analyze Adherence to Medication Regimens..

Laura Schall, M.S. (Bios) 1994, Assessing the Diagnostic Specificity and Sensitivity of Bladder Cancer 
Screening Modalities.

Leslie Wayne, M.S. (Bios) 1997, A Reanalysis of the U.S. Fibrous Glass Worker Cohort Data Using a Job 
Exposure Category Approach to Assess Exposure-Response.

Richard Mierzejewski, M.S. (Bios) 2000, An Analysis of the Drake Health Registry Study Screening Data.

Jennifer Barkin, M.S. (Bios) 2002, The Impact of Matching Criteria on Estimated Odds Ratios in an 
Occupational Case-Control Study.

Weilian Sang, M.S. (Bios) 2004, Comparison of Two Population Estimates and Its Effect on Standardized 
Mortality Ratio (SMR) Calculation.

Michael Cunningham, M.S. (Bios) 2006, Reanalysis of Smoking and Lung Cancer in the National Cancer 
Institute Acrylonitrile Worker Cohort Study.

Song-Won Seo M.S. (Bios) 2006, A Review and Comparison of Methods for Detecting Outliers in 
Univariate Data Sets.

Jeff Rohay, Ph.D. (Bios) 2009, Statistical Assessment of Medication Adherence Data: a Technique to 
Analyze the J-shaped Curve.
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Jiawai Huang, M.S. (Bios) 2011, Comparing Methods of FRED System.

Dan Lans, M.S. (Bios) 2013, Assessment of Biomarkers and Clinical Characteristics to Determine 
Coronary Artery Disease among Symptomatic Patients.

Vimeng Liu, M.S. (Bios) 2013, Statistical Analysis of Data with Detection Limits.

Sarah Downing, M.S. (Bios) 2013, Monte Carlo Simulation Study to Assess Impact of Confounding by 
Smoking in a Cohort of Chemical Workers.

Annabel Ferguson, M.S. (Bios) 2014, Comparison of Methods to Assess Inter-rater Reliability

d. Service on Masters and Doctoral Committees:

Barbara Salthouse, Ph.D. (Epid), 1994 
Deborah Landon, Ph.D. (Epid), 1996 
Ada Youk, Ph.D. (Bios), 1996 
Maureen McGuire, Ph.D. (Epid), 1997 
Laura Schall, Ph.D. (Epid), 2000 
Christine Gause, Ph.D. (Bios), 2001 
Patricia Documet, Dr.P.H. (HSA), 2001 
Mary Yee Chow, M.P.H. (EOH), 2001 
Jeff Lang, Ph.D. (EOH), 2004 
Jeanine Buchanich, Ph.D. (Epid), 2007 
Karen Singleton, M.P.H. (EOH), 2008 
John Zeiner, M.S. (Bios), 2009 
Jeffrey Rohay, Ph.D. (Bios), 2009 
Hui Xu, M.S. (Bios), 2009 
Lan Liu, Ph.D. (EOH), 2011

e. Supervision of Post-Doctoral Students:

Jonathan Ramlow, Ph.D. Post-Doctoral Fellow, 1990-1992

2. Research and Training 

a. Grants and Contracts Received

Jiawei Huang, M.S. (Bios), 2011
Dan Lans, M.S. (Bios), 2013
Sarah Zimmerman, M.S.. (BIOS), 2013
Annabel Furgeson, M.S. (Bios), 2013
Pornsri Khlangwiset, Ph.D. (EOH), 2013
Fangfang Chen, M.S. (Bios), 2013
Stacy Benson, Ph.D. (Epid), 2014
Yimeng Liu, M.S. 2013, Ph.D. (Bios), ongoing
Chengli Shen, M.S. 2014, Ph.D. (Bios), ongoing
Matthew Glover, M.S. (Bios), ongoing
Xuan Li, M.S. (Bios), ongoing
Quinheng Ma, M.S. (Bios), ongoing
Zhongying Xu, M.S. (Bios), ongoing
Arvind Dabass, Ph.D. (Epid), ongoing
Liane Ong, Ph.D. (BCHS), ongoing

1974-81 Co-Principal Investigator, Contract: "Mortality among Man-Made Mineral Fiber Workers in
the United States," Sponsor: Thermal Insulation Manufacturers Association, 6/1/74 - 
5/31/81, $232,055.

1977- 81 Co-Principal Investigator, Contract: "Mortality and Morbidity among Workers in a Nickel
Refinery and Manufacturing Plant in West Virginia, USA," Sponsor: INCO Limited, 6/1/77 - 
5/31/81, $67,880.

1978- 79 Principal Investigator, Contract: "The Monsanto Company Indian Orchard Plant Mortality
Study," Sponsor: The Monsanto Company, 9/1/78 -12/31/79, $63,548.

1979- date Principal Investigator, Development of Statistical/Epidemiological Computer Software
Package, "OCMAP: A User-Oriented Occupational Cohort Mortality Analysis Program," 
Copyright, 1981, University of Pittsburgh.

1980- date Principal Investigator, Development of Statistical/Epidemiological Data Base, "MPDS: United
States Mortality and Population Data System".
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1980-81 Principal Investigator, Contract: "Proportional Mortality among Chemical Workers Exposed 
to Formaldehyde," Sponsor: The Monsanto Company, 1/1/80 -4/30/81, $7,050.

1980-81 Principal Investigator, Contract: "A Case-Control Study of Digestive System Cancer and 
Genito-Urinary System Cancer within a Cohort of Chemical Workers," Sponsor: The 
Monsanto Company, 1/1/80 - 4/30/81, $7,050.

1980-81 Co-Principal Investigator, Contract: "Cancer in Arsenic Exposed Populations," Sponsor: 
National Cancer Institute, 1/1/80 - 6/30/81, $315,870.

1981-86 Co-Principal Investigator, Contract: "Factors Associated with Mortality among Smelter 
Workers," Sponsor: Smelter Environmental Research Association, 6/1/82 - 3/31/86, 
$485,000.

1982-85 Co-Principal Investigator, Contract: "Mortality among Petroleum Refinery Workers," 
Sponsor: Mobil Oil Corporation, 6/1/82 - 6/30/85, $100,000.

1983-87 Principal Investigator, Contract: "Investigation of Cause-Specific Mortality among Employees 
of the Shell Oil Company's Refinery and Chemical Plant at Deer Park, Texas, "Sponsor: Shell 
Oil Company, 3/1/83 - 6/30/87, $507,550.

1984-87 Co-Principal Investigator, Contract: "Update of the Man-Made Mineral Fiber Worker Study," 
Sponsor: Thermal Insulation Manufacturers Association, 12/1/84 - 6/30/87, $195,000.

1984-87 Co-Principal Investigator, Contract: "A Generalized Computer Program for Multistage 
Modeling with Time Dependent Dose Patterns with Applications to Arsenic-Exposed Smelter 
Worker Mortality Data." Sponsor: U.S. Environmental Protection Agency, Office of Research 
and Development, 10/1/84 - 12/31/87, $80,000.

1985-86 Co-Principal Investigator, Contract: "Update of the Mortality and Morbidity Study of 
Workers in a Nickel Refinery and Manufacturing Plant in West Virginia, USA," Sponsor: U.S. 
Environmental Protection Agency/Program Resources, Inc., 7/1/85 - 12/31/86, $20,000.

1985 Principal Investigator, Contract: "Statistical Analysis of the Drake Superfund Site 
Occupational Health Survey," Sponsor: Pennsylvania State Health Department/Lock Haven 
Hospital, 5/1/85 - 8/31/85, $15,699.

1985-87 Principal Investigator, Contract: "1977-82 Update of the Monsanto Company Indian Orchard 
Plant Mortality Study," Sponsor: The Monsanto Company, 6/1/85 -12/31/87, $55,394.

1986-96 Principal Investigator, Contract: "Health Registry and Epidemiologic Study of Former Drake- 
Kilsdonk Chemical Workers," Sponsor: Pennsylvania State Health Department/National 
Institute for Occupational Safety and Health, 8/1/86 - 6/30/96, $1,355,500.

1986-92 Principal Investigator, Contract: "Mortality Patterns among Chemical Plant Workers Exposed 
to Formaldehyde and Other Substances," Sponsor: American Cyanamid Company, 10/1/86 - 
2/28/91, $165,891.

1987-93 Principal Investigator, Contract: "Mortality Surveillance Program for the U.S. Fiberglass and 
Mineral Wool Worker Cohort," Sponsor: Thermal Insulation Manufacturers Association, 
5/1/87 - 3/31/93, $2,300,000.
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1987 Developer/Coordinator, The Monsanto Company Graduate Grant Program. Two-Year
Fellowship Program for Students in Biostatistics with Interest in Occupational/ 
Environmental Health. 9/1/87-8/31/89, $24,560.

1987 Co-Principal Investigator, Contract: "Factors Associated with Reported Medical Problems in 
a Community Exposed to Hazardous Waste Site Materials," Sponsor: DuPont Company, 
5/1/87 - 10/31/87, $51,000.

1988 Principal Investigator, Contract: "Development of Decision and Quality Control Criteria for 
Conduct of Pilot and Epidemiology Studies by ATSDR and SARA Section 110", Sponsor: 
Chemical Manufacturers Association, 2/1/88 - 6/30/88, $20,000.

1988- 89 Principal Investigator, Contract: "Coronary Heart Disease Patterns among Employees of a
Chemical Manufacturing Facility," Sponsor: American Cyanamid Company, 9/1/88 - 8/31/89,
$86,000.

1989- 91 Principal Investigator, Grant: "A Mortality Update and Case-Control Study of Workers
Exposed to Arsenic in a Copper Smelter", Sponsor: U.S. Environmental Protection Agency, 
1/1/89 - 7/31/91, $57,000.

1989 Principal Investigator, Contract: "A Review and Critique of Ecologic Analyses as an 
Epidemiologic Research Method", Sponsor: Chemical Manufacturers Association, 1/1/89 - 
6/30/89, $21,000.

1989- 91 Principal Investigator, Contract: "A Reanalysis of the National Cancer Institute Study on
Mortality among Industrial Workers Exposed to Formaldehyde," Sponsor: Formaldehyde 
Institute, 8/15/89 - 2/28/91, $41,355.

1990- 93 Recipient, The DuPont Company Educational Aid Grant Award, 9/1/90-8/31/93, $45,000.

1990-95 Co-Principal Investigator, Contract: "Program for Biostatistical Support for West Penn
Hospital Research Activities", Sponsor: The Western Pennsylvania Hospital, 5/1/90 - 
4/30/91, $128,272.

1990- 92 Principal Investigator, Contract: "Post-Doctoral Research Fellowship Program in
Occupational and Environmental Health", Sponsor: DuPont Company, 5/1/90 -4/30/92, 
$167,336.

1991- 94 Principal Investigator, Contract: "Enhancement, Modification and Update of an Occupational
and Ecological Mortality and Population Data System", Sponsor: DuPont Company, 1/1/91 - 
12/31/92, $130,000.

1991-92 Principal Investigator, Contract: "A Model Program for Assessing Health Risks among
Communities Near Hazardous Waste Sites", Sponsor: DuPont Company, 1/1/91 -12/31/91, 
$30,000.

1991-93 Principal Investigator, Contract: "An Expanded Nested Case-Control Study of Respiratory
System Cancer among U.S. Man-Made Mineral Fiber Workers", Sponsor: Thermal Insulation 
Manufacturers Association, 1/1/91 -1/31/93, $88,000.

1991-92 Principal Investigator, Contract: "Identifying and Responding to Human Disease Clusters: A
Practical Guidance Document", Sponsor: Chemical Manufacturers Association, 1/15/91 - 
5/15/91, $20,000.
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1991-95 Principal Investigator, Contract: "A Population-Based Case-Control Study of Lung Cancer 
Mortality in Gila Basin Smelter Towns", Sponsor: Arizona Department of Health Services, 
12/1/91 -11/30/93, $250,000.

1992-95 Principal Investigator, Contract: "A Population-Based Case-Control Study of Lung Cancer 
Mortality in Four Arizona Smelter Towns", Sponsors: Agency for Toxic Substances and 
Disease Registry/Arizona Department of Health Services, 11/1/92 -10/31/94, $154,000.

1993-94 Principal Investigator, Contract: "Continuation of the Mortality Surveillance Program for the 
U.S. Man-Made Mineral Fiber Industry", Sponsor: North American Insulation Manufacturer's 
Association, 4/1/93-3/31/94, $342,000.

1994-96 Principal Investigator, Contract: "A Program of Biostatistical Support for the Research and 
Clinical Audit Activities of HealthAmerica of Pittsburgh", Sponsor: HealthAmerica of 
Pittsburgh, 1/1/94-6/30/96, $220,000.

1994-99 Principal Investigator, Contract: “Continuation and Expansion of the Mortality Surveillance 
Program for the U.S. Man-Made Mineral Fiber Industry", Sponsor: North American 
Insulation Manufacturer's Association, 4/1/94-3/31/99, $2,549,377.

1996-2006 Principal Investigator, Contract: "Maintenance of the Drake Health Registry Program", 
Sponsor: Pennsylvania Cancer Control Program, 7/1/96-6/30/06, $2,000,000.

1996-2009 Principal Investigator, Contract: "Mortality Patterns among Pharmaceutical Workers at the 
Eli Lilly & Company, Clinton, IN Plant", Sponsor: Eli Lilly & Company, 9/1/96-7/31/05, 
$355,342.

1997-2004 Principal Investigator, Grant: "A Program of Epidemiological and Biostatistical Support for 
the Acrylonitrile Group", Sponsor: The Acrylonitrile Group, 12/1/97-11/30/03, $180,000.

1998-99 Principal Investigator, Contract: "Evaluation of the Community Health Project", Sponsor, 
Pennsylvania Department of Health, 10/1/98-12/31/99, $100,000.

1998-2014 Principal Investigator, Contract: "A Program of Biostatistical Support for the Research and 
Quality Improvement Activities of Highmark Blue Cross Blue Shield", Sponsor: Highmark 
Blue Cross Blue Shield, 3/1/98-12/31/13, $1,5000,000.

1999-2009 Principal Investigator, Contract: "Mortality Patterns among Pharmaceutical Workers at the 
Eli Lilly & Company, Clinton, IN Plant: Additional Investigations of Lung and Hematopoietic 
Tissue Cancer," Sponsor: Eli Lilly & Company, 2/1/99-7/31/03, $34,668.

1999-2003 Principal Investigator, Contract: "A Collaborative Program of Biostatistical and 
Epidemiological Support for Solutia, Inc.," Sponsor: Solutia, Inc., 3/1/99-2/28/02, $218,688.

1999-2009 Principal Investigator, Contract: "Mortality Patterns among Pharmaceutical Workers at the 
Eli Lilly & Company, Lafayette, IN Plant," Sponsor: Eli Lilly & Company, 9/1/99-7/31/03, 
$86,272.

1999-03 Principal Investigator, Contract: "Supplemental Funding for the Mortality Surveillance 
Program for the U.S. Man-Made Mineral Fiber Industry," Sponsor: North American 
Insulation Manufacturer's Association, 4/1/99-3/31/03, $706,250.

2000-05 Principal Investigator (Subcontract with University of Oklahoma Health Sciences Center): 
Contract: "Mortality Patterns among Workers Exposed to Chloroprene," Sponsor: 
International Institute of Synthetic Rubber Producers, 2/1/00-1/31/03, $631,957.
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2002-date Principal Investigator, Contract: "Mortality Surveillance and Epidemiologic Support Program 
for Owens Corning," Sponsor: Owens Corning, 1/1/02-12/31/14 $3,000,000.

2002-13 Principal Investigator, Contract: "Historical Cohort Study of Pratt&Whitney Employees at 
Seven CT Sites," Sponsor: Pratt&Whitney, 7/15/02-5/31/13, $3,693,701.

2002-05 Co-Investigator, Contract: "Pediatric Injury Surveillance System," Sponsor: Maternal and 
Child Health Bureau, U.S. Dept, of Health and Human Services, Health Resources and 
Services Administration, 9/1/02-8/31/04, $238,727.

2003-05 Co-Investigator, Contract: "Creation and Maintenance of an Occupational and Non
occupational Medical Claims Analysis Database for PPG Industries," Sponsor: PPG Industries, 
Inc., 01/02/03-12/31/07, $465,198.

2005-12 Co-Investigator, Grant, "Academic Partners in Environmental Public Health Tracking 
Program", Sponsor: U.S. Centers for Disease Control, 07/01/05-06/30/10.

2007-08 Principal Investigator, Contract: "Tungsten Industry Phase 2 Feasibility Study", Sponsor: 
International Tungsten Industry Association, 10/01/07-10/31/08, $200,000.

2008 Co-Investigator, Contract: "Evaluation of Mortality Rates in High Altitude U.S. Counties", 
Sponsor: Amgen Corp., 3/1/08-12/31/08, $25,777.

2009-10 Principal Investigator, Grant: "Historical Cohort Study of Workers Exposed to Tungsten 
Carbide with Cobalt Binder, Phase 3-Part 1", Sponsor: Pennsylvania State Department of 
Health, 7/1/09-6/30/11, $750,000.

2010 Principal Investigator, Contract: "Literature Review of Health Effects from Exposure to Man
Made Vitreous Fibers", Sponsor: North American Insulation Manufacturers Association, 
1/1/10-6/30/10, $30,000.

2010-13 Co-Investigator, Grant: Ecological and Case-Control Study of Ambient Air Levels and 
Childhood Blood Lead Levels", Sponsor: Centers for Disease Control, 9/15/10-9/14/13, 
$207,748.

2011-13 Principal Investigator, Contract:" Use of Human Exposure and Epidemiology Data in a 
Physiologically Based Kinetic Modeling Risk Assessment for Chloroprene", Sponsor: 
International Institute of Synthetic Rubber Producers, 1/1/11-6/30/11, $43,974.

2011-12 Principal Investigator, Grant: "Historical Cohort Study of Workers Exposed to Tungsten 
Carbide with Cobalt Binder, Phase 3-Part 2", Sponsor: Pennsylvania State Department of 
Health, 6/1/11 - 5/31/12, $100,000.

2011 Co-Investigator, Grant: "Updated and Expanded Study of Polycythemia Vera and Other 
Myeloproliferative Neoplasms in the Tri-County Area", Sponsor: Commonwealth of 
Pennsylvania, 1/1/2011-9/17/2012, $286,210.

2011 Co-Investigator, Grant: "Evaluation of Commercial Resources forTracing/Locating NCS 
Participants", Sponsor: National Institutes of Health, 9/23/2010-9/22/2011, $62,045.

2011-13 Principal Investigator, Contract: "Statistical Methods for Adjusting Risk Estimates for 
Potential Confounding by Smoking", Sponsor: The Acrylonitrile Group, 9/1/11-8/31/12, 
$26,466.
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2011-12

2011- date

2012- 2015

2012- date

2013- 2014 

2013-2014 

2013-date

2013- 2014

2014- date

2014-date

2015

2105

Principal Investigator, Contract: "Evaluation of Uncertainty Factors in NCI-NIOSH Diesel 
Exhaust In Miners Study Exposure Assessment and Their Impact on Risk Estimates and 
Exposure-Response Relationships", Sponsor: Mining Awareness Resource Group, 9/1/11- 
2/28/12, $30,000.

Principal Investigator, Contract: "Historical Cohort Study of Production Workers Exposed to 
Tungsten Carbide with Cobalt Binder", Sponsor: International Tungsten Industry Association, 
11/15/11-11/14/14, $2,332,427.

Principal Investigator, Contract: "Update of the Lima Plant Acrylonitrile Cohort Study", 
Sponsor: INEOS Nitriles, 1/1/12-06/30/14, $248,000.

Principal Investigator, Contract: "Analysis of Pooled Data from the NCI and DuPont 
Acrylonitrile Worker Cohort Studies-Phase 1-Part 1", Sponsor: The AN Group, 8/1/12- 
7/31/14, $100,000.

Principal Investigator, Contract: "Commentary on Methodological and Interpretational 
Issues in the National Cancer Institute Formaldehyde Worker Cohort Study", Sponsor: 
Research Foundation for Health and Environmental Effects, 11/01/13-03/31/14, $10,000.

Principal Investigator, Contract: "Feasibility Study of Historical Cohort Study of 
Pharmaceutical Production Workers at the Cosmopolis, Brazil Site, Phase 1: Feasibility 
Evaluation", Sponsor: Eli Lilly and Company, 11/01/13-03/31/14, $32,441.

Principal Investigator, Contract: "Analysis of Pooled Data from the NCI and DuPont 
Acrylonitrile Worker Cohort Studies-Phase 1-Part 2", Sponsor: The AN Group, 8/1/12- 
7/31/14, $80,000.

Principal investigator, Subcontract: "Sample Design and Analysis for Child Welfare Project" 
Sponsor: Department of Social Work, 10/01/13-06/30/14, $10,125.

Principal Investigator, Contract:" Additional Réévaluation of the National Cancer Institute 
Formaldehyde Cohort Data", Sponsor: Research Foundation for Health and Environmental 
Effects, 02/01/14-03/31/15, $70,000.

Principal Investigator, Contract: "Update and Enhancement of the Mortality and Population 
Database System (MPDS)", Sponsor: GSPH Dean's Office, 10/01/14-09/30/15, $152,724.

Principal Investigator, Contract: "Historical Cohort Study of Workers from the Cytec 
Aerospace Materials Facility in Havre de Grace, MD", Sponsor: Cytec Aerospace Materials, 
01/01/15-06/30/16, $142,915.

Principal Investigator, Contract: "Update of the Clinton Plant Historical Cohort Study", 
Sponsor: Eli Lilly and Company, 04/30/15-04/30/17, $337,332.

b. Conference Presentations. Invited Lectureships and Major Seminars (post-1990)

"Additional Analysis of the National Cancer Institute Study on Mortality among Industrial Workers Exposed 
to Formaldehyde". Presented at the 1991 American Industrial Hygiene Conference and Exposition. Salt Lake 
City, UT, May 23,1991.

"The Impact of Exposure Misclassification and Confounding on the Mortality Experience of U.S. Man-Made 
Vitreous Fiber Workers". Presented at the 8th International Congress on Occupational Health (ICOH)- 
Epidemiology in Occupational Health, Paris, France, September 12,1991.

Gary M. Marsh, Ph.D., F.A.C.E. Page 28

RM 000933



"Long-Term Mortality Studies of Man-Made Mineral Fiber Exposure." Presented at the 1991 ICOH/Congrex 
Symposium on Health Aspects of MMMF. Rotterdam, Netherlands, September 13, 1991.

"The University of Pittsburgh Studies of Man-Made Mineral Fiber Workers". Presented at the 1992 
Toxicology Forum, Washington D.C., February 18,1992.

"Evaluating Health Risks in a Multi-Exposure Environment: The Case of Formaldehyde." Presented at the 
1992 Annual Meeting of the American Occupational Health Conference, Washington, D.C., May 8,1992.

"An Expert Computer System to Accompany the Model Standardized Risk Assessment Protocol for Use with 
Hazardous Waste Sites". Presented at the ATSDR International Congress on the Health Effects of Hazardous 
Wastes, Atlanta, GA, May 3,1993.

"Drake Chemical Company Superfund Site. Notification and Medical Surveillance of Workers at High Risk of 
Developing Bladder Cancer", Presented at the ATSDR International Congress on the Health Effects of 
Hazardous Wastes, Atlanta, GA, May 4,1993.

"A Preliminary Evaluation of New Fiber and Co-Exposure Data for the U.S. Man-Made Vitreous Fiber Worker 
Cohort", Presented at the 10th International Congress on Occupational Health (ICOH), Nice, France, 
September 25,1993.

"OCMAP-PLUS: A New Occupational Cohort Mortality Analysis Program for Multifactor Work History and 
Exposure-Based Analysis", Presented at the IARC Conference on Retrospective Assessment of Occupational 
Exposures in Epidemiology, Lyon, France, April 13-15,1994.

"A Population-Based Case-Control Study of Lung Cancer Mortality in Four Arizona Smelter Towns",
Presented at the ATSDR International Congress on Hazardous Waste: Impact on Human and Ecological 
Health, Atlanta, GA, June 6,1995.

"Mortality Surveillance Program for the United States Man-Made Mineral Fiber Workers Cohort: Mortality 
Patterns among Rock/Slagwool Workers 1989 Update", Presented at the Symposium on the Health Effects 
of Fibrous Materials (excluding asbestos), Sydney, Australia, October 31,1995.

"A Program of Biostatistical Support for the Research and Quality Improvement Activities of Highmark Blue 
Cross Blue Shield", Presented at the 1999 Annual Meeting of the Pennsylvania Public Health Association, 
Pittsburgh, PA, October 25,1999.

"The Role of Epidemiology in an Integrated Workplace Surveillance Program", Presented at the 1999 Eli Lilly 
& Company Annual Health Fair, Indianapolis, IN, September 19,1999.

"Census 2000: Scientifically and Politically Correct?" Symposium Panel Member and Discussant, University of 
Pittsburgh, Graduate School of Public Health, May 5, 2000.

"Industrial Inorganic Fibres: Assessing and Controlling the Risk to Public Health", Presented at the 26th 
International Congress on Occupational Health (ICOH): Mini-Symposium on Fibres-State of the Art, 
Singapore, August 28, 2000.

"Historical Cohort Study of U.S. Fiber Glass Production Workers. I. Initial Findings of 1992 Follow-Up", 
Presented at the 26th International Congress on Occupational Health (ICOH), Singapore, August 29, 2000.

"Staying Healthy in an Unhealthy World-Occupational and Environmental Health", Presented at the "Mini
Medical School" Seminar Series of the University of Pittsburgh, School of Medicine, December 5, 2000.
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"Does Fiber Glass Pose a Respiratory Cancer Risk in Man? Findings from the Latest Update of the U.S.
Cohort Study of Man-Made Vitreous Fiber Workers" Ninth Inhaled Particles Conference, British Occupational 
Hygiene Society, Robinson College, Cambridge, UK, September 2-6, 2001.

"Bladder Cancer among Chemical Workers Exposed to Nitrogen Products and other Substances", 2003 
British Occupational Hygiene Society Annual Meeting, London, England, April 8, 2003.

"Pharyngeal Cancer Mortality among Workers Exposed to Formaldehyde", 2004 Toxicology Forum, 
Washington, D.C., February 2, 2004.

"Mortality Patterns among Pharmaceutical Production Workers at One U.S. Site", 2004 British Occupational 
Hygiene Society Annual Meeting, Stratford England, April 20, 2004.

"Mortality Patterns among Workers Exposed to Chloroprene and Other Substances", 2005 British 
Occupational Hygiene Society Annual Meeting, Manchester, England, April 19, 2005.

"Mortality among Industrial Workers Exposed to Chloroprene and Other Substances: I. Methods and 
Issues", 2005 International Symposium on Butadiene and Chloroprene, Charleston, SC, September 20, 2005.

"Mortality among Industrial Workers Exposed to Chloroprene and Other Substances: II. Results", 2005 
International Symposium on Butadiene and Chloroprene, Charleston, SC, September 20, 2005.

"Overview of Formaldehyde Epidemiology", Toxicology Forum, 2005 Annual Meeting, Brussels, Belgium, 
November 8, 2005.

"EMF-ELF Exposure Potentials among Magnetic Particle Inspections Workers", International Workshop to 
Evaluate Future Needs of Occupational ELF Epidemiology, Edinburgh, Scotland, September 14-15, 2006.

"Sampling, Statistics and Iraq: Review and Critique of Two Surveys Conducted to Estimate Deaths in Iraq 
Since 2003." GSPH Doctoral Student Association Invited Seminar, Pittsburgh, PA, December 10, 2006.

"A New Software Tool- R a p id  A s s e s s m e n t  a n d  C h a r a c t e r i z a t i o n  o f  E n v i r o n m e n t a l  R i s k s  ( R A C E R ) " .  Presented 
at the Environmental Summit, sponsored by the GSPH Department of Epidemiology, Pittsburgh, PA, April 18, 
2007.

"Formaldehyde and Human Cancer Risk Understanding the Nasopharyngeal Cancer Excess in Plant 1 of the 
NCI Study," Formaldehyde International Science Conference, Barcelona, Spain, September 20-121, 2007.

"Rapid Assessment and Characterization of Environmental Risk (RACER)" Centers for Disease Control, Public 
Health Information Network (PHIN) Annual Meeting, Atlanta, GA, August 25, 2008.

"An Epidemiological Study of Mortality among a Cohort of Jet Engine Manufacturing Workers", Society for 
Neuro-Oncology Annual Meeting, Las Vegas, NV, November 19-22, 2008.

"Rapid Assessment and Characterization of Environmental Risk (RACER)" CDC National Environmental Public 
Health Tracking Conference, Washington, D.C., February 24-26, 2009.

"Training Workshop: Rapid Assessment and Characterization of Environmental Risk (RACER)" CDC National 
Environmental Public Health Tracking Conference, New Orleans, LA, April 24-26, 2010.

"Does Formaldehyde Cause Leukemia? Opposing Viewpoint" University of Pittsburgh, Department of 
Epidemiology Tipping Point Seminar Series, December 2, 2010.

"Formaldehyde and Nasopharyngeal Cancer- What Do We Know from the Epidemiology Studies?" 
Formaldehyde International Science Conference, Madrid, Spain, April 18-19, 2012.
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"An International Historical Cohort Study of Workers in the Hard-Metal Industry", EPICOH Conference, 
Utrecht, The Netherlands, June 18-21, 2013.

"Evaluating Health Effects of Exposure to Acrylonitrile": A Comprehensive Research Program at the 
University of Pittsburgh", EPICOH Conference, Utrecht, Netherlands, June 18-21, 2013.

"An International Historical Cohort Study of Workers in the Hard-Metal Industry", EPICOH 2014 Conference, 
Chicago, IL, June 23-26, 2014.

c. Other Research and Training (post-1990)

Journal Refereeing 
A n n a l s  o f  E p i d e m i o l o g y  
L a n c e t
E p i d e m i o l o g y
A m e r i c a n  J o u r n a l  o f  E p i d e m i o l o g y  
J o u r n a l  o f  O c c u p a t i o n a l  a n d  E n v i r o n m e n t a l  
M e d i c i n e
O c c u p a t i o n a l  a n d  E n v i r o n m e n t a l  M e d i c i n e  ( U .K . )  
J o u r n a l  N a t i o n a l  C a n c e r  I n s t i t u t e  
A m e r i c a n  I n d u s t r i a l  H y g i e n e  A s s o c i a t i o n  J o u r n a l  
C a n c e r  C a u s e s  a n d  C o n t r o l

A m e r i c a n  J o u r n a l  o f  P u b l i c  H e a l t h
J o u r n a l  o f  E x p o s u r e  A n a l y s i s  a n d  E n v i r o n m e n t a l

E p i d e m i o l o g y
A r c h i v e s  o f  E n v i r o n m e n t a l  H e a l t h  
C r i t i c a l  R e v i e w s  in  T o x i c o l o g y  
C h e m i c o - B io l o g i c a l  I n t e r a c t i o n s  
R e g u l a t o r y  T o x i c o l o g y  a n d  P h a r m a c o l o g y  
R i s k  A n a l y s i s
J o u r n a l  o f  O c c u p a t i o n a l  a n d  E n v i r o n m e n t a l  
H y g i e n e
O p e n  E p i d e m i o l o g y  J o u r n a l

Editorial Boards 

1995-date

2008- date

2009- date 

2013-date

Associate Editor, C a n c e r  I n f o r m a t i c s

Associate Editor, J o u r n a l  o f  E n v i r o n m e n t a l  a n d  P u b l i c  H e a l t h  

Associate Editor, E p i d e m i o l o g y  R e s e a r c h  I n t e r n a t i o n a l  

Associate Editor, O p e n  A c c e s s  E p i d e m i o l o g y

d. Service (post-1990)

(1) Departmental

1992-93 Representative, GSPH Accreditation Committee

1995-98 Member, Budget Policies Committee

2004-05 Chair, Committee to Evaluate Master's Comprehensive Examination

2006-07 Chair, Committee to Evaluate Departmental Biostatistics Consulting Practicum

2008 Founder and Director, Center for Occupational Biostatistics and Epidemiology

2007, 09-10 Interim Chairman, Department of Biostatistics 

2010-date Member, Curriculum Committee

(2) School

1992-94 President, GSPH Faculty Senate
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1992-94 Chair, GSPH Faculty Senate Executive Committee

1992-94 Member, GSPH Strategic Planning Committee

1996 Chair, Ad Hoc Search and Appointment Committees for Associate Professor and Director 
Occupational Medicine, Department of Environmental & Occupational Health

1997 Member, GSPH Recruitment Committee

1999 Member, GSPH Faculty Advancement Committee

1999-01 Member, Faculty Advancement, Promotion and Tenure Committee

1999-00 Member, GSPH Search Committee for Chair of EOH Department

2000-01 Member, GSPH Committee to Develop MPH Comprehensive Examination

2005-06 Member, GSPH Committee to Evaluate MMPH Program

2007, 09-10 Member GSPH Council

2007, 09-10 Member, Dean's Cabinet

2009-10 Departmental Chair Representative, GSPH Planning and Budget Policy Committee

2012-date Departmental Representative, GSPH Faculty Advancement, Promotion, Tenure Committee

2014-15 Member, Faculty Search Committee, Department of Epidemiology

(3) University

1990-date Member, Pittsburgh Cancer Institute

1995 Member, International Committee to Review Graduate Program of the Civil & 
Environmental Engineering Department

1995-96 Member, Fact-Finding Committee for the Performance Review of Dean Mattison

1997-03 Member, Health Sciences Library Advisory Committee.

1999-00 Member, Search Committee for Dean of GSPH

2000-date Faculty Associate, Center for Social and Urban Research

(4) US and International

1987-99 Invited Member, National Scientific Advisory Committee, CDC, Center for Environmental 
Health, Atlanta, GA.

1989-92 Invited Member, Study Section on Safety and Occupational Health, Centers for Disease 
Control/National Institute for Occupational Safety and Health.
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1991- 92 Invited Participant, Advisory Committee on ATS DR Sponsored Project, "Community Health
Effects of a Hazardous Waste Incinerator", The University of South Carolina, Columbia 
Campus.

1992- 93 Guest Editor, "The First International Conference on the Safety of Water Disinfection:
Balancing Chemical and Microbial Risks". International Life Sciences Institute, Health and 
Environmental Sciences Institute.

1992 Reviewer, "Draft Health Assessment on Inorganic Arsenic", Health and Welfare Canada, May
1992.

1992 Invited Participant, Workshop on Environmental Epidemiology, National Research Council,
National Academy of Sciences, Washington, D.C., June 1992.

1994-96 Invited Member, Committee to Review the Health Consequences of Military Service During
the Persian Gulf War, National Academy of Sciences, Institute of Medicine, Medical Follow 
Up Agency.

1997 Invited Member, Site Visit Team, Veterans Health Administration, Office of Public Health 
and Environmental Hazards, Environmental Epidemiology Service, March 1997,
Washington, D.C.

1998 Invited Peer Reviewer, External Peer Review Workshop on Hazard Assessment and Dose- 
Response Characterization for the Carcinogenicity of Formaldehyde by Route of Inhalation. 
Health Canada and the U.S. Environmental Protection Agency, Ottawa, Canada, March- 
December, 1998.

2001 Invited Member, International Agency for Research on Cancer (IARC), Working Group to Re
evaluate the Carcinogenicity of Man-Made Vitreous Fibers, Lyon, France, October 9-16,
2001.

2001-03 Member, NIOSH Scientific Advisory Panel, Proposed NIOSH Study of Health Effects of
Exposure to Electromagnetic Fields (EMF), Cincinnati, OH, May 4, 2001.

2002 Member, CDC Scientific Advisory Panel to Review Protocol for Study of Long-Term Health 
Effects Following Administration of Anthrax Vaccine, Atlanta, GA, May 14-15, 2002.

2006 Invited Member, Butadiene Risk Assessment Expert Panel, Sciences International Inc.,
Alexandria, VA.

2006 Invited Member, Electromagnetic Field (EMF) Risk Assessment Expert Panel, Energy
Networks Association, Edinburgh, Scotland

2006 Invited Member, Expert Panel to Assess Health Effects of Artificial Sweetener, Burdock
Group, Washington, D.C.

2008 Invited Charter Member, U.S. Environmental Protection Agency, Science Advisory Board,
Asbestos Panel, Washington, D.C.

(5) Private

1990-95 Consultant, HealthAmerica, Pittsburgh, PA.

1993-04 Member, Research Advisory Committee, Showa Denko America, New York, NY.
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1994-95 Consultant, PPG Industries, Inc., Pittsburgh, PA.

1994-date Consultant, Cytec Industries, Inc., West Paterson, NJ.

1994-03 Consultant, Ecology and Environment, Buffalo, NY.

1995-96 Consultant, Group Health Plan, St. Louis, MO.

1995-99 Scientific Reviewer, ARCO Chemical Company, Newtown Square, PA.

1996-07 Consultant, CertainTeed Products Corporation, Valley Forge, PA.

1996-03 Scientific Reviewer, Electric Power Research Institute, Palo Alto, CA.

1996-01 Scientific Reviewer, Chemical Manufacturers Association, Washington, D.C.

1996-01 Consultant, BP Chemicals, Inc., Cleveland, OH.

1997 Scientific Reviewer, American Industrial Health Council, Washington, D.C.

1997 Scientific Reviewer, American Institute of Biological Sciences, Washington, D.C.

1997-98 Consultant, Highmark Blue Cross Blue Shield, Pittsburgh, PA.

1997-98 Consultant, The Mead Corporation, St. Paul, MN.

1997-2005 Consultant, The Acrylonitrile (AN) Group, Washington, D.C.

1998-01 Consultant, Chemical Industry Institute of Toxicology, Research Triangle Park, NC

1998-02 Consultant, National Academy of Sciences, Institute of Medicine, Medical Follow-Up Agency, 
Washington, D.C.

1998-03 Consultant, TERRA Inc., Tallahassee, FL.

1999 Consultant, Aristech Chemicals Corporation, Pittsburgh, PA.

1999 Consultant (Seminar Presenter), Dow Chemical Company & Dow Corning Corporation, 
Midland, Ml.

1999-02 Consultant, BP Inc., Chicago, IL.

1999-03 Consultant, New Jersey Department of Health and Senior Services, Trenton, NJ.

1999-03 Invited Member, Research Advisory Committee, University of Texas, Houston/Baylor 
Medical College, Houston, TX.

1999-01 Consultant, Orthopedic &  Reconstructive Center, Oklahoma City, OK

2000 Consultant, The Sapphire Group, Bethesda, MD.

2000-01 Consultant, American Smelting and Refining Company, Salt Lake City, UT.

2000-01 Consultant, Dow Chemical Company, Midland, Ml.
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2001-05 Consultant, Merck & Co., Rahway, NJ.

2001-05 Consultant, Gateway Health Plan, Pittsburgh, PA.

2001-02 Consultant, Coordinated Care Network, Monroeville, PA.

2001-07 Consultant, NIOSH Follow-up Investigations of Suspected Health Effects of Exposure to 
Effluents from a Copper Smelter, Copperhill, TN.

2001-02 Consultant, Pratt & Whitney Company, Hartford, CT.

2002-09 Consultant, Formaldehyde Council Inc., Washington, D.C.

2003-10 Invited Member, Scientific Advisory Board, Semi-Conductor Industry Association, 
Washington, D.C.

2003-08 Consultant, Academy for Educational Development, Washington, D.C.

2004-06 Consultant, Pressley Ridge Child Care Services, Pittsburgh, PA.

2004-2013 Invited Member, Scientific Advisory Board, Dow Chemical Co., Midland, Ml.

2005-07 Consultant, PPG Industries, Inc., Pittsburgh, PA

2005-07 Consultant, FormaCare -European Chemical Industry Council (CEFIC), Brussels, Belgium.

2007-11 Consultant, International Truck and Engine Corporation, Chicago, IL

2009 Consultant, North American Insulation Manufacturers Association, Alexandria, VA.

2009-11 Consultant, Rohm and Haas Company, Philadelphia, PA.

2009-11,15 Consultant, American Chemistry Council, Washington, DC.

2009-10 Consultant, United BioSource Corporation, Kansas City, MO.

2010-11 Consultant, Momentive Specialty Chemicals, Inc., Columbus, OH.

2010-11 Consultant, Navistar, Inc., Chicago, IL.

2010-11 Consultant, Honeywell International, Inc., Morristown, NJ.

2010-12 Member, Scientific Advisory Board, ENVIRON International Corporation, Boston, MA.

2012-13 Scientific Advisor, inXsol, Phoenix, AZ.

2013-14 Consultant, Gateway Health Plan, Pittsburgh, PA.

2013-date Consultant, City of St. Louis, St. Louis, MO.

2015 Consultant, American Chemistry Council
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Senior Vice President, Food & Nutrition 201-2233 Argentia Road, Mississauga, ON, Canada,
L5N 2X7

EXPERIENCE

Senior Vice President, Food & Nutrition Intertek 2014 -  Present
Intertek Cantox 2010-2013
Cantox Health Sciences, Inc.* 2001 -  2010
Responsibilities: Directing the Food & Nutrition group; responsible for both safety and efficacy related topics on 
an international basis. Further roles include development and design of scientific research programs for food 
ingredients, additives, and contaminants. Development of international regulatory strategies for food additives 
and ingredients. Calculation of qualitative human health risk assessments for food components, contaminants, 
and foods. Preparation of documents and reports for submission to international regulatory authorities. Has 
international recognition from both a scientific and regulatory standpoint and has developed strong relationships 
with regulatory authorities on a global basis.

*Cantox Health Sciences Inc., was acquired by Intertek Group pic in April 2010.

Scientific & Regulatory Affairs Manager Tate & Lyle Specialty Sweeteners 1991 -  2001
Responsibilities: Managed the worldwide safety and regulatory strategy. Designed, developed, and 
undertook toxicology and clinical safety studies in co-operation with leading toxicologists, academics, 
hospitals, and contract research organizations throughout Europe and North America. Provided overall data 
interpretation, toxicological evaluation, safety assessment, and prepared reports specific for the different 
worldwide regulatory authorities. Wrote detailed scientific position papers in response to specific questions 
from different regulatory authorities. Presented data and detailed scientific arguments to regulatory 
authorities, scientific groups, and at scientific meetings throughout the world. Dealt and worked closely 
with regulatory authorities and government departments throughout the world including Western and 
Eastern Europe, North America, and the Far East. A c h i e v e m e n t s :  Successful undertaking and completion of 
toxicological scientific data-base and safety evaluation of a major novel food additive which has gained 
world-wide regulatory approval.

Research Manager, Merthyr Tydfil Simbec Research Ltd. 1989 -1990
Responsibilities: Managed clinical pharmacology studies of novel and established pharmaceuticals in many 
therapeutic regions from design and inception through to final reporting. Managed clinical and research staff. 
Liaised with the world's leading pharmaceutical companies on study design and protocol development. Prepared 
and presented detailed information to the Ethical Committee to seek approval for the conduct of such studies. 
Managed and organized staff in the undertaking of the actual experimentation. Undertook data analysis and 
result interpretation for clients. Undertook the final report writing along with presentation of the results to the 
clients. A c h ie v e m e n t s : Successful conduct of many studies enabling major pharmaceutical companies to file 
product license applications. Worked closely on several medicines which have now gained worldwide 
recognition.

Laboratory Development Manager Peter Hand Animal Health Ltd. 1988 -1 98 9
Responsibilities: Managing a group of laboratory personnel and secretarial staff. Overall responsibility for 
development of animal health care products and for providing the technical and scientific information relating to 
regulatory applications. Development of new veterinary pharmaceutical products. Preparation of study 
protocols. Analytical method development and sample analysis. Result analysis and data interpretation. 
Preparation of reports and documents for regulatory authorities, including pharmacology/toxicology expert

3

ashley.roberts@intertek.com D ir :^

RM 000941

mailto:ashley.roberts@intertek.com


reports. Responsible for purchase of latest laboratory technology and recruitment of staff for the laboratory. 
Achievements: Major involvement in the company being granted two new medicinal product licenses.

Research Fellow Clinical Pharmacology Group, University of Southampton 1985 -1987
Responsibilities: Undertook pre-cllnical research in the areas of metabolism and pharmacokinetics. Took Medical 
Student Pharmacokinetic lectures and tutorials.

Ph.D. Studentship University of Southampton 1982 -1985
Provided the opportunity to study mechanisms in toxicity, resulting from the daily administration of 
cyclohexylamine a toxic metabolite of cyclamate. This research also provided the opportunity to collaborate with 
Senior Toxicologists from the British Industrial Biological Research Association (BIBRA). The research was 
sponsored by the Calorie Control Council (USA) and the International Life Sciences Institute European Technical 
Cyclamate Committee. Additional responsibilities: Demonstrated Pharmacology Practicáis to medical students. 
Supervised MSc and BSc students with final year projects in Toxicology and Clinical Pharmacology. A c h ie v e m e n t s :  
Awarded a British Pharmacology Society bursary to present my research at the World Toxicology Congress in 
Japan (1986).

Research Scientist Huntington Research Centre 1980 -  1982
Responsibilities: Developed, conducted, and reported metabolism and pharmacokinetic studies with 
pharmaceuticals, agrochemicals, and food additives in animals and man. Assisted in the writing of study 
protocols and reports. Undertook the majority of the experimentation involved in the project and supervise 
laboratory and animal technicians.

EDUCATION

Ph.D., Clinical Pharmacology/Toxicology 1987 University of Southampton 

B.Sc. (Honours), Biochemistry 1980 University of London

PROFESSIONAL SOCIETIES/ASSOCIATIONS

• American Herbal Products Association (AHPA) -  Member
• British Industrial Biological Research Association (BIBRA) -  Member
• The British Toxicology Society (BTS) -  Full Member
• Canadian Institute of Food Science and Technology (CIFST) -  Member
• Institute of Food Technologists (IFT) -  Regulatory Member
• International Life Sciences Institute (ILSI) -  Member of the Acceptable Daily Intake and Food Chemical 

Intake Task Force
• International Society of Regulatory Toxicology and Pharmacology (iSRTP) -  Member
• International Sweeteners Association (ISA) -  Past Chairman Elect of the Scientific and Regulatory 

Committee
• Society of Toxicology (SOT) -  Member
• Toxicology Forum -  Member
• Food Safety and Quality Program Advisory Board, McGill University -  Member

PRESENTATIONS

2018 Safety Evaluation of Glutamic Acid and Related Glutamates Pattaya, Thailand
Presented at the The 8th International Congress of Asian Society of Toxicology (ASIATOX 2018).
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2018 Safety Assessment of Food Additives/lngredients Derived from Genetically Modified 
Microorganisms Beijing, China
Presented at ILSI China's Workshop on Safety Assessment of Foods Derived from Genetically Modified 
Microorganisms(GMMs)

2017 Steviol Glycoside Safety Evaluation Istanbul, Turkey
Presented at Low and No-Calorie Sweeteners (Conf. II).

2017 Steviol Glycoside Safety Evaluation Ankara, Turkey
Presented at Low and No-Calorie Sweeteners (Conf. I).

2017 Potential Impact of U.S. Guidance to Reduce the intakes of Added Sugars on Estimated 
Daily Intakes of Non-Nutritive Sweeteners Naples, Florida
Presented at the Calorie Control Council -  2017 Annual Meeting & Educational Symposium.

2017 Sweetener Safety Festival City, Dubai
Presented at the Dubai Nutrition Conference.

2017 Overview of Stevia Approvals by the Global Safety Authorities Buenos Aires, Argentina
Presented at the ILSI at 21st International Congress of Nutrition (ICN2017) - Sponsored Scientific Symposium: 
144/129 -  Stevia: An Ally to Support Nutrition and Health. Organized by: International Stevia Council (ISC) 
(Belgium) & Calorie Control Council (CCC) (USA).

2017 Global Safety and Regulatory Processes for the Evaluation of Low-Calorie Sweeteners 
Buenos Aires, Argentina

Presented at the ILSI at 21st International Congress of Nutrition (ICN2017).

2017 Approaches to Safety Assessment of Low Calorie Sweeteners & Global Regulatory Development 
Status New Delhi, India
Presented at ILSI India, Conference on Sweetness: Role of Sugar & Low-Calorie Sweeteners.

2017 Safety Evaluation of Low/No Calorie Sweeteners Beijing, China
Presented at the S c i e n c e ,  S a f e t y  a n d  I n n o v a t io n  o f  S u g a r s  &  S w e e t e n e r s  Workshop.

2017 The Use of Chemical-Specific Adjustment Factors (CSAF's) in the Derivation of the ADI Using Steviol 
Glycosides as a Case Example Las Vegas, NV
Presented at IFT 2017 Annual Meeting and Expo; Session: Deriving an Acceptable Daily Intake (ADI) for Steviol 
Glycosides Utilizing Chemical-Specific Adjustment Factors Food Additive Safety: Using Chemical-Specific 
Adjustment Factors (CSAFs) when Estimating Acceptable Daily Intakes (ADIs).

2017 Update on Low/No/Reduced Calorie Sweeteners & Possible Impacts on the Microbiome Santiago, 
Chile
Presented at the Symposium for Sugar reduction in Foods: From Evidence to Action; a joint event with Sochital 
(the Chilean Society of FS&T) and Sochinut (the Chilean Society of Nutrition).

2017 Update on Low/No/Reduced Calorie Sweeteners & Possible Impacts on the Microbiome Lima, 
Peru
Presented at Nutrition Congress (XIII Peruvian Congress of Nutrition and XII International Course of Nutrition and 
Nutrition Update).
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2017 Sweeteners: Do They Bear a Carcinogenicity Risk Sao Paulo, Brazil
Presented at ILSI Brazil -  IX Updates on Food Safety Sweeteners.

2016 Update on Low/No/Reduced Calorie Sweeteners & Possible impacts on the Microbiome 
Clearwater Beach, Florida
Presented at the Calorie Control Council -  2016 Annual Meeting & Education Symposium &
50th Anniversary Celebration.

2016 The Metabolism and Pharmacokinetics of Steviol Glycosides and Their Impact on the ADI Rome, 
Italy
Presented at Euro Toxicology 2016, 7th Euro-Global Summit on Toxicology and Applied Pharmacology.

2016 Stevia Sweeteners: The Past the Present and the Future; and Do High Intensity Sweeteners 
Modulate the Gut Microbiome? Buenos Aires, Argentina
Presented at the Symposium on Low and No Calorie Sweeteners: Myths and Realities, organized by the AATA 
(Argentine Association of Food Technologists) together with the Argentine Nutrition 
Society (SAN).

2015 Regulatory Overview: Chinese Doing Business in the European Union Paris, France
Presented at Food Ingredients Europe (FI Europe).

2015 Regulatory requirements for food ingredients added to foods for nutritional health purposes; and 
Regulatory impact of newly reported data on L-arginine Paris, France
Presented at the International Council on Amino Acid Sciences (ICAAS).

2015 Health Claims: Comparing the New Japanese Regulation to that of the US, Australia, and Europe 
Tokyo,Japan
Presented at Health Ingredients Japan 2015.

2015 The Safety & Regulatory Process for High Intensity Sweetener Approval in the U.S.
Purdue University, West Lafayette, Indiana

Presented at the W o r k s h o p  o n  H ig h  I n t e n s i t y  S w e e t e n e r s :  E v o lv in g  S c ie n c e , E x p lo d in g  C o n t r o v e r s y .

2015 Clarifying the Complexities in the Regulation of New Food Ingredients in Key Global Markets 
Mississauga, Ontario
Hosted by Intertek Scientific and Regulatory Consultancy v ia  webinar.

2014 A Hard Look at FDA's Review of GRAS Notices Washington, DC
Presented at the International Society of Regulatory Toxicology and Pharmacology's Workshop on GRAS 
Determinations.

2014 Health Claim Comparison Between the EU and China Shanghai, China
Presented at Food Ingredients China 2014.

2013 Analytical and Toxicity Study Requirements for Gaining Regulatory Approval 
Tokyo,Japan

Presented at Health Ingredients Japan 2013.
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2013 Safety Assessment of Caffeine in Foods and Beverages Washington, DC
Presented v ia  webcast for The National Academies' Planning Committee on Potential Health Hazards Associated 
with Consumption of Caffeine in Food and Dietary Supplements -  Session: S a f e t y  A s s e s s m e n t  o f  C a f f e in e  in  F o o d s  
a n d  B e v e r a g e s .

2013 Regulatory Procedure of Submission and Approval of US GRAS and EU Novel Food 
Shanghai, China
Presented at Food Ingredients China 2013.

2012 Analytical and Toxicity Study Requirements for Gaining Regulatory Approval U.S.A. &
Switzerland
Presented at the Intertek Cantox Workshop on B e y o n d  th e  G r e a t  W a l l :  H o w  to  a c c e s s  t h e  f o o d  a n d  s u p p le m e n t  
m a r k e t s  in  C h in a .

2012 Substantiating Immune Health Claims: Perspectives of Scientific/Regulatory Authorities in North 
America and Europe Las Vegas, Nevada
Presented at IFT Annual Meeting; Session: S u b s t a n t ia t in g  a n  Im m u n e  H e a l t h  C la im  -  T h r e e  P e r s p e c t i v e s .

2012 The GRAS Process for Feed Brussels, Belgium
Presented at the Intertek Cantox Workshop -  R e g u la t io n  o f  A n im a l  F e e d  In g r e d i e n t s  in  t h e  U n i t e d  S t a t e s .

2011 Regulatory Developments for Supplements in the United States and Canada Las Vegas, NV
Presented at SupplySide West.

2011 EU Guidance on the Submission of a Dossier on Food Enzymes and the Latest Position on Health 
Claims
Presented at the Intertek Cantox Workshop on T h e  C u r r e n t  S i t u a t i o n s  o f  R e g u la t o r y  A p p r o v a l s  f o r  F u n c t io n a l  
F o o d  In g r e d i e n t s  in  O v e r s e a s  M a r k e t  (Memorial Workshop on the 5th Anniversary of the Intertek Cantox Tokyo 
Branch Office).

2011 The Use of Animal Toxicological Studies of High Intensity Sweeteners in Predicting Effects on 
Human Weight Management Washington, DC
Presented at ILSI North America: C o n f e r e n c e  o n  L o w - C a lo r ie  S w e e t e n e r s .

2010 How to Get Your Food Ingredients to the Marketplace in the U.S.; Regulation of Claims on Foods 
and Dietary Supplements in the U.S; Regulatory Overview of Food Ingredient Legislation in the EU; and 
Regulation of Claims in the European Union Seoul, South Korea
Presented at Cantox's Workshop on F o o d  In g r e d i e n t s  a n d  S u p p l e m e n t s :  G a in in g  A c c e s s  t o  t h e  U .S . ,  E U . ,  a n d  
K o r e a n  M a r k e t s .

2010 An Overview of Japanese Food Regulations. Regulatory Processes for Food Product Approval in 
Japan Webcast
Institute of Food Technologists' webcast: G lo b a l  R e g u la t o r y  A p p r o v a l  f o r  F o o d  I n g r e d i e n t s .

2010 Progress of Health Claims in Europe: A New Perspective Brussels, Belgium
Cantox Workshop.

2010 Private Sector Experience: What Characterizes an Adequate Package? Washington, DC
Presented at the 35th Annual Winter Meeting of the Toxicology Forum.
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2009 New Technologies and Development for Monitoring Safety of Functional Foods for Heart Health 
Winnipeg, Manitoba
Presented at the F u n c t io n a l  F o o d s  f o r  H e a r t  H e a l t h :  C o n t in u u m  B e t w e e n  S c i e n c e  a n d  C o m m e r c ia l iz a t io n .

2009 U.S. GRAS/NDI Notifications, and Health Ciaim Regulations Tokyo, Japan
Hayashi T, Roberts A. Presented at: F o o d  In g r e d i e n t s  a n d  S u p p l e m e n t s :  G a in in g  A c c e s s  t o  t h e  U .S . ,  E .U . ,  a n d  
C h in a  M a r k e t s .

2009 Understanding the Latest European Regulations Regarding Food Additives, Novel Foods, Enzymes 
and Heath Claims Tokyo, Japan
Presented at Cantox's Workshop on F o o d  In g r e d i e n t s  a n d  S u p p l e m e n t s :  G a in in g  A c c e s s  t o  t h e  U .S . ,  E .U . ,  a n d  
C h in a  M a r k e t s .

2009 Regulation of Claims in Europe Rosemont, Illinois
Presented at Health Claims In North America and Europe: Capitalizing on Recent Developments.

2009 How Does 912 Impact the Development of Novel Ingredients; and How to Gain Approval of a 
Health Claim in Europe Rosemont, Illinois
Presented at IFT -  Wellness 09: At the Forefront of Food & Health.

2008 Chinese Food Regulatory Requirements Mississauga, Ontario
Presented at F r o m  R e s e a r c h  t o  R e v e n u e  IV : C a p t u r in g  B u s in e s s  O p p o r t u n i t i e s  in  A s ia .

2008 Metabolism and PK Studies and Their Impact on the Safety Evaluation of Rebaudioside A (Rebiana) 
Aspen, Colorado

Presented at the 34th Annual Summer Meeting of The Toxicology Forum.

2008 How Does 912 Impact the Development of Novel Ingredients? New Orleans, Louisiana
Presented at IFT Annual Meeting & Food Expo.

2007 Canadian Natural Health Products (NHP) Regulations Tokyo, Japan
Presented at Health Ingredients Japan 2007.

2007 Overview of Canada's Natural Health Products and Functional Food Regulations Tokyo, Japan
Presented at the Canadian Functional Foods and Natural Health Products Seminar and Tabletop Networking 
Reception, Canadian Embassy.

2007 A Global Perspective on Health-Related Claims Permitted on Foods and Food Ingredients Outside 
of the U.S. and an Overview of Steps to Developing a Global Strategy for Compiling Appropriate Scientific 
Data and Gaining Regulatory Approval of Such Claims Chicago, Illinois
Presented at 2007 IFT Annual Meeting & Food Expo.

2006 How to Market Your Functional Foods and Nutraceuticals in the US, Canada, Europe and Japan 
Tokyo,Japan
CANTOX Seminar co-sponsored by the Canadian Embassy held at the Canadian Embassy in Tokyo, Japan.

2006 How Can CANTOX Assist You Towards Marketing Success? Tokyo, Japan
Presented at Health Ingredients Japan 2006.
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2006 Safety Evaluation of Ferric Sodium Ethylenediaminetetraacetate (FeNaEDTA) for Use as a Source of 
Iron in Foods Tokyo, Japan
Presented at Health Food Exposition Japan 2006.

2006 Presentations: 1) US and EU Comparative Case Study; 2) Safety Evaluation of Old Food Ingredients 
with New Health Benefits in the US and EU; 3) Substantiation of Health Claims in the US and EU and 4) 
Substantiation of a Health Claim for Soy Protein in the UK and US Washington, DC
Presented at the US & EU C o m p a r a t iv e  C a s e  S t u d y  F u n c t io n a l  F o o d s  a n d  S u p p l e m e n t s  W o r k s h o p .

2004 Regulation & Safety Data Requirements for Introducing Products into the Health Food and Food 
Additive Markets in the US & EU Tokyo, Japan
Presented at Health Ingredients Japan 2004 Meeting.

2004 Health Claim Regulations in the US Tokyo, Japan
Presented at BioJapan 2004.

2004 Food Law & Regulatory Processes for Food Product Approval in the European Union University of 
Toronto, Toronto, Ontario
Presented at the Program in Food Safety.

2003 The Regulatory Evaluation of Functional Foods and Nutraceuticals Tokyo, Japan 
Munro 1C, Roberts A. CANTOX Seminar co-sponsored by the Canadian Embassy.

2003 Regulatory Processes for Food Product Approval in the European Union University of Toronto, 
Toronto, Ontario
Presented at the Program in Food Safety.

2003 Regulatory Process for Food Product Approval in the European Union Chicago, Illinois
Presented at the IFT Annual Meeting & Food Expo.

2002 Functional Foods and Nutraceuticals -- How to Launch Nutraceuticals on the U.S. Market 
Paris, France

A workshop conducted by Munro 1C and Roberts A in association with Archimex.

PAPERS & PUBLICATIONS

Martyn DM, Darch MN, Roberts A, Lee HY, Tian YT, Kaburagi N, Belmar P (2018). Low-/no-calorie 
sweeteners: a review of global intakes. Nutrients 10(3):357 [39pp plus supplemental tables]. 
D0l:10.3390/nul0030357.
Haighton L, Roberts A, Walters B, Lynch B (2018). Systematic review and evaluation of aspartame carcinogenicity 
bioassays using quality criteria. Regul Toxicol Pharmacol [Epub ahead of print - Jan. 12, 2018]. 
DOI:10.1016/j.yrtph. 2018.01.009.

Martyn D, Lau A.; Richardson P, Roberts A (2017). Temporal patterns of caffeine intake in the United States. Food 
Chem Toxicol 111:71-83. D0l:10.1016/j.fct.2017.10.059.

Lynch BS, West S, Roberts A (2017). Safety evaluation of water-soluble palm fruit bioactives. Regul Toxicol 
Pharmacol 88:96-105. D0l:10.1016/j.yrtph.2017.05.021.
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Magnuson BA, Roberts A, Nestmann ER (2017). Critical review of the current literature on the safety of sucralose. 
Food Chem Toxicol 106(Part A):324-355. D0l:10.1016/j.fct.2017.05.047.

Martyn DM, Lau AA, Darch MN, Roberts AS (2017). Benzoates intakes from non-alcoholic beverages in Brazil, 
Canada, Mexico and the United States. Food Addit Contam Part A Chem Anal Control Expo Risk Assess [epub 
ahead of print -  Jun. 8, 2017], D0l:10.1080/19440049.2017.1338836.

Grotz VL, Pi-Sunyer X, Porte D Jr, Roberts A, Trout J (2017). A 12-week randomized clinical trial investigating the 
potential for sucralose to affect glucose homeostasis. Regul Toxicol Pharmacol 88:22-33.
D0l:10.1016/j.yrtph.2017.05.011.

Roberts A (2016). The safety and regulatory process for amino acids in Europe and United States. J Nutr. 
146(12):2635S-2642S. DOI:10.3945/jn.116.234591.

Williams GM, Aardema M, Acquavella J Berry C Brusick D, Burns MM, Viana de Camargo JL, Gabarrant D, Greim 
HA, Kier LD, Kirkland DJ, Marsh G, Solomon KR, Sorahan T, Roberts A, Weed DL (2016). A review of the 
carcinogenic potential of glyphosate by four independent expert panels and comparison to the IARC assessment. 
Crit Rev Toxicol 46(Supp. l):3-20.

Roberts A, Haighton LA (2016). A hard look at FDA's review of GRAS notices. Regul Toxicol Pharmacol 79(Suppl. 
2):S124-S128.

Roberts A, Lynch B, Rogerson R, Renwick A, Kern H, Coffee M, Cuellar-Kingston N, Eapen A, Crincoli C, Pugh G Jr, 
Bhusari S, Purkayashtha S, Carakostas M (2016). Chemical-specific adjustment factors (inter-species 
toxicokinetics) to establish the ADI for steviol glycosides. Regul Toxicol Pharmacol 79:91-102.

Okado N, Hasegawa K, Mizuhashi F, Lynch BS, Vo TD, Roberts A (2016). Safety evaluation of nuclease P I from 
P é n ic i l l iu m  c i t r in u m . Food Chem Toxicol 88:21-31.

Purkayastha S, Markosyan A, Prakash I, Bhusari S, Pugh G Jr, Lynch B, Roberts A (2016). Steviol glycosides in 
purified stevia leaf extract sharing the same metabolic fate. Regul Toxicol Pharmacol 77:125-133.

Roberts A (2016). Caffeine: an evaluation of the safety database. In: Gupta RC, editor. N u t r a c e u t i c a l s  - E f f i c a c y ,  
S a f e t y  a n d  T o x i c i t y . San Diego (CA): Academic Press, pp. 417-434.

Roberts A (2016). The safety and regulatory process for low calorie sweeteners in the United States. Physiol 
Behav 164(Part B):439-444.

Okado N, Suji M, Ueda M, Mizuhashi F, Lynch BS, Vo T, Roberts A (2015). Safety evaluation of AMP deaminase 
from A s p e r g i l l u s  o r y z a e . Food Chem Toxicol 86:342-350.

Hearty A, Lau A, Roberts A (2014). Chewing gum intake in Europe: a survey of intakes in France, Germany, Italy, 
Spain and the UK. Food Addit Contam Part A 31(7):1147-1157.

Nakano M, Takahashi H, Koura S, Chung C, Tafazoli S, Roberts A (2014). Acute and subchronic toxicity studies of 
pyrroloquinoline quinone (PQQ) disodium salt BioPQQ™) in rats. Regul Toxicol Pharmacol 70(1):107-121.

Purkayastha S, Pugh G Jr, Lynch B, Roberts A, Kwok D, Tarka SM Jr (2014). In  v i t r o  metabolism of rebaudioside B, 
D, and M under anaerobic conditions: comparison with rebaudioside A. Regul Toxicol Pharmacol 68(2):259-268.

Roberts A (2014). Safety signals and surveillance. Safety assessment of caffeine in foods and beverages. 
Presented at: Pray L, Yaktine AL, Pankevich D, Rapporteurs. C a f f e in e  in  F o o d  a n d  D ie t a r y  S u p p l e m e n t s :  E x a m in in g
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S a f e t y :  W o r k s h o p  S u m m a r y . Institute of Medicine (IOM), Board on Health Sciences Policy, Food and Nutrition 
Board (FNB), Planning Committee on Potential Health Hazards Associated with Consumption of Caffeine in Food 
and Dietary Supplements. Washington (DC): National Academies Press (NAP), pp. 38-50.

Roberts A, Renwick AG (2014). Toxicokinetics (Chapter 5) In: Hayes AW, Kruger CL, editors. H a y e s '  P r in c ip le s  a n d  
M e t h o d s  o f  T o x i c o lo g y ,  6 th e d i t io n . Baton Rouge (FL): CRC Press, pp. 215-245.

Roberts A (2013). Safety Assessment of Caffeine in Foods and Beverages. Presented August 5 via webcast for 
The National Academies' - Session: S a f e t y  A s s e s s m e n t  o f  C a f f e in e  in  F o o d s  a n d  B e v e r a g e s  - Washington, DC, 
August 5-6.

Kitadate K, Homma K, Roberts A, Maeda T (2013). Thirteen-week oral dose toxicity study of Oligonol containing 
oligomerized polyphenols extracted from lychee and green tea. Regul Toxicol Pharmacol 68(1):140-146.

Konishi T, Aoshima T, Mizuhashi F, Choi SSH, Roberts A (2013). Safety evaluation of glucose oxidase from 
P e n ic i l l iu m  c h r y s o g e n u m . Regul Toxicol Pharmacol 66(l):13-23 & [Corrigendum 66(3):300].

Magnuson B, Munro I, Abbot P, Baldwin N, Lopez-Garcia R, Ly K, McGirr L, Roberts A, Socolovsky S (2013). Review 
of the regulation and safety assessment of food substances in various countries and jurisdictions. Food Addit 
Contam Part A Chem Anal Control Expo Risk Assess 30(7):1147-1220.

Fernstrom JD, Munger SD, Sclafani A, de Araujo IE, Roberts A, Molinary S (2012). Mechanisms for sweetness. J 
Nutr 142(6):1134S-1141S.

Clarke K, Tchabanenko K, Pawlosky R, Carter E, Todd King M, Musa-Veloso K, Ho M, Roberts A, Robertson J, 
Vanitallie TB, Veech RL (2012). Kinetics, safety and tolerability of (fi)-3-hydroxybutyl (fi)-3-hydroxybutyrate in 
healthy adult subjects. Regul Toxicol Pharmacol 63(3):401-408.

Clarke K, Tchabanenko K, Pawlosky R, Carter E, Knight NS, Murray AJ, Cochlin LE, King MT, Wong AW,

Roberts A, Robertson J, Veech RL (2012). Oral 28-day and developmental toxicity studies of (F?)-3-hydroxybutyl 
(/?)-3-hydroxybutyrate. Regul Toxicol Pharmacol 63(2):196-208.

Fujii H, Nishioka N, Simon RR, Kaur R, Lynch B, Roberts A (2011). Genotoxicity and subchronic toxicity evaluation 
of Active Hexose Correlated Compound (AHCC). Regul Toxicol Pharmacol 59(2):237-250.

Lynch B, Simon R, Roberts A (2011). Subchronic toxicity evaluation of aloesin. Regul Toxicol Pharmacol 61(2):161- 
171.

Lynch B, Simon R, Roberts A (2011). In  v i t r o  and in  v iv o  assessment of the genotoxic activity of aloesin Regul 
Toxicol Pharmacol 61(2):215-221.

Tarka SM, Roberts A (2011). Letter to the Editor-Stevia: it's not just about calories. Open Obes J 3:85-85.

Uchida M, Tsuboi H, Takahashi Arita M, Nemoto A, Seki K, Tsunoo H, Martyres S, Roberts A (2011). Safety of high 
doses of P r o p io n ib a c t e r i u m  f r e u d e n r e i c h i i  ET-3 culture in healthy adult subjects. Regul Toxicol Pharmacol 
60(2):262-267.

Uchida M, Yoda N, Terahara M, Seki K, Choi SS, Roberts A (2011). Safety evaluation of P r o p io n ib a c t e r i u m  
f r e u d e n r e i c h i i  ET-3 culture. Regul Toxicol Pharmacol 60(2):249-261.
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Roberts A, Renwick AG (2009). Toxicokinetics (Chapter 6) In: Ballantyne B, Marrs TC, Syversen T, editors. G e n e r a l  
a n d  A p p l i e d  T o x i c o lo g y :  V o l. 1 , 3 rd e d i t i o n . West Sussex, UK: John Wiley & Sons Limited, pp. 147-180.

Bidlack WR, Birt D, Borzelleca J, Clemens R, Coutrelis N, Coughlin JR, Dunaif JE, Ebert A, Hall R, Heimbach JH, 
Helferich W, Magnuson B, McColl DB, McQuate RS, Munro I, Petersen B, Roberts A, Scimeca J, Slayne M, 
Trautman T, contributors (2009). Making decisions about the risks of chemicals in foods with limited scientific 
information (An IFT Expert Report). Compr Rev Food Sci Food Safety 8:269-303. D0l:10.1111/j.l541- 
4337.2009.00081.x.

Day AG, Brinkmann D, Franklin S, Espina K, Rudenko G, Roberts A, Howse KS (2009). Safety evaluation of a high
lipid algal biomass from C h lo r e l la  p r o t o t h e c o id e s . Regul Toxicol Pharmacol 55(2):166-180.

Roberts A, Munro I (2009). Stevioside and related compounds: therapeutic benefits beyond sweetness [with 
rebuttal from Varanuj Chatsudthipong and Chatchai Muanprasat]. Pharmacol Ther 122(3):el-e2, author rebuttal, 
e3.

Curry LL, Roberts A (2008). Subchronic toxicity of rebaudioside A. Food Chem Toxicol 46(Suppl. 7):S11-S20.

Curry LL, Roberts A, Brown N (2008). Rebaudioside A: two-generation reproductive toxicity study in rats. Food 
Chem Toxicol 46(Suppl. 7):S21-S30.

Fujii H, Nishioka H, Wakame K, Magnuson BA, Roberts A (2008). Acute, subchronic and genotoxicity studies 
conducted with Oligonol, an oligomerized polyphenol formulated from lychee and green tea extracts. Food Chem 
Toxicol 46(12):3553-3562.

Roberts A, Renwick AG (2008). Comparative toxicokinetics and metabolism of rebaudioside A, stevioside, and 
steviol in rats. Food Chem Toxicol 46(Suppl. 7):S31-S39.

Roberts A, Rogerson R (2008). Chinese approach on regulating food additives, novel foods, functional foods and 
dietary supplements (Chapter 19). In: Bagchi D, editor. N u t r a c e u t i c a l  a n d  F u n c t io n a l  F o o d  R e g u la t io n s  in  t h e  
U n i t e d  S t a t e s  a n d  A r o u n d  t h e  W o r ld . (Food Science and Technology International Series). New York (NY)/Toronto 
(ON): Elsevier, pp. 291-303.

Zhang B, Maniatis T, Song Y, Zhang W, Zhang X, Li N, Chen J, Wong AW, Roberts A (2008). Evaluation of magnolia 
bark extract in chromosomal aberration assays. Mutat Res 654(2):133-137.

Blum R, Kiy T, Tanaka S, Wong AW, Roberts A (2007). Genotoxicity and subchronic toxicity studies of DHA-rich oil 
in rats. Regul Toxicol Pharmacol 49(3):271-284.

Blum R, Kiy T, Waalkens-Berendsen I, Wong AW, Roberts A (2007). One-generation reproductive toxicity study of 
DHA-rich oil in rats. Regul Toxicol Pharmacol 49(3):260-270.

Goodfellow G, Lee-Brotherton V, Daniels J, Roberts A, Nestmann E (2007). Assessment of the antibacterial agent, 
triclosan, under use conditions. Am J Infect Control (UNPUBLISHED).

Li N, Song Y, Zhang W, Wang W, Chen J, Wong AW, Roberts A (2007). Evaluation of the in  v i t r o  and in  v iv o  
genotoxicity of magnolia bark extract. Regul Toxicol Pharmacol 49(3):154-159.

Liu Z, Zhang X, Cui W, Zhang X, Li N, Chen J, Wong AW, Roberts A (2007). Evaluation of short-term and subchronic 
toxicity of magnolia bark extract in rats. Regul Toxicol Pharmacol 49(3):160-171.
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Cremer DR, Rabeler R, Roberts A, Lynch B (2006). Long-term safety of a-lipoic acid (ALA) consumption: a 2-year 
study. Regui Toxicol Pharmacol 46(3):193-201.

Cremer DR, Rabeler R, Roberts A, Lynch B (2006). Safety evaluation of a-lipoic acid (ALA). Regui Toxicol 
Pharmacol 46(1):29-41.

Wolterbeek AP, Roberts A, Korte H, Unkila M, Waalkens-Berendsen DH (2004). Prenatal developmental toxicity 
study with 7-hydroxymatairesinol potassium acetate (HMRIignan) in rats. Regui Toxicol Pharmacol 40 (l):l-8 .

Roberts A, Renwick AG, Sims J, Snodin DJ (2000). Sucralose metabolism and pharmacokinetics in man. Food 
Chem Toxicol 38(Suppl. 2):S31-S41.

Sims J, Roberts A, Daniel JW, Renwick AG (2000). The metabolic fate of sucralose in rats. Food Chem Toxicol 
38(Suppl. 2):S115-S121.

Roberts A (1999). Sucralose and diabetes. FFIJ (182):49-52.

Roberts A, Renwick AG (1989). The pharmacokinetics and tissue concentrations of cyclohexylamine in rats and 
mice. Toxicol Appl Pharmacol 98(2):230-242.

Roberts A, Renwick AG, Ford G, Creasy DM, Gaunt I (1989). The metabolism and testicular toxicity of 
cyclohexylamine in rats and mice during chronic dietary administration. Toxicol Appl Pharmacol 98(2):216-229.

Roberts A (1987). T h e  M e t a b o l i s m  a n d  P h a r m a c o k in e t i c s  o f  C y c lo h e x y la m in e  a n d  T h e i r  R e l e v a n c e  to  T e s t i c u la r  
T o x i c i t y . [Ph.D. Thesis]. Southampton, England, University of Southampton, Clinical Pharmacology Group Faculty 
of Medicine.

Angelo MJ, Pritchard AB, Hawkins DR, Waller AR, Roberts A (1986). The pharmacokinetics of dichloromethane. I. 
Disposition in B6C3F1 mice following intravenous and oral administration. Food Chem Toxicol 24(9):965-974. 
D0l:10.1016/0278-6915(86)90325-X.

Angelo MJ, Pritchard AB, Hawkins DR, Waller AR, Roberts A (1986). The pharmacokinetics of dichloromethane: II. 
Disposition in Fischer 344 rats following intravenous and oral administration. Food Chem Toxicol 24(9):975-980. 
001:10.1016/0278-6915(86)90326-1.

Roberts A, Renwick AG (1985). The effect of saccharin on the microbial metabolism of tryptophan in man. Food 
Chem Toxicol 23(4&5):451-455. DOI:10.1016/0278-6915(85)90139-5.

Roberts A, Renwick AG (1985). The metabolism of 14C -cyclohexylamine in mice and two strains of rat. 
Xenobiotica 15(6):477-483.

ABSTRACTS & POSTERS

Purkayastha S, Markosyan A, Prakash I, Bhusari S, Pugh G, Lynch B, Roberts A (2016). Steviol glycosides in 
purified stevia leaf extract sharing the same metabolic fate [55th Society of Toxicology Annual Meeting, New 
Orleans, LA, Mar. 17], Toxicol Sci (Toxicologist Suppl.):[Abstract 3789; Poster Board: P481].

Roberts A (2016). The metabolism and pharmacokinetics of steviol glycosides and their impact on the ADI. 
Presented at: 7 th  E u r o - G lo b a l  S u m m i t  o n  T o x i c o lo g y  a n d  A p p l i e d  P h a r m a c o lo g y , Oct. 24-26, 2016. Rome, Italy.
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Aardema M, Acquavella J, Berry C, Brusick D, Burns B, de Camargo JLV, Garabrant D, Greim H, Kier L, Kirkland D, 
Marsh G, Roberts A, Solomon K, Sorahan T, Weed D, Williams G (2015). Expert Panel Review of the Carcinogenic 
Potential of the Herbicide Glyphosate.

Roberts A, Lynch B (2014). Assessing Potential Interactions of "Active" Ingredients in Food, [presented at the 
53rd Society of Toxicology Annual Meeting, Phoenix, Arizona, March 27]. Abstract -343i - Poster Board 572.

Roberts A, Lynch B (2014). Assessing Potential Interactions of "Active" Ingredients in Food, [presented at the 
53rd Society of Toxicology Annual Meeting, Phoenix, Arizona, March 27]. Abstract -343i - Poster Board 572.

Choi S, Howse K, Roberts A (2011) Approach for determining if data on heterologous strains of similar species 
would support the safety of a particular strain where data are lacking [SOT 50th annual Meeting, Washington, 
D.C. presented March 9, 2011, Abstract Number: 2441],

Roberts A (2006). Investigation of the molecular mechanism of hepatotoxicity of a G-protein couples receptor 
antagonist using toxicogenomics. Toxicologist 90(1, Suppl.):203 [abstract 995].

Thompson C, Roberts A (2006). Utility of toxicogenomics in the elucidation of the hepatoxic mechanism of a 
discontinued drug candidate. Toxicologist 90(1, Suppl.):265-266 [abstract 1300].

Roberts A, Lynch BS, Wolterbeek AB, Korte H, Unkila M, Waalkens-Berendsen DH (2006). Safety assessment of 
7-hydroxymatairesinol (HMR) lignan. Toxicologist 90(1, Supp!.):477-478 [abstract 2335],

Goodfellow G, Lee-Brotherton V, Daniels J, Roberts A, Nestmann E (2003). Antibacterial resistance and triclosan. 
Toxicol Sci [abstract 1470].

Roberts A (1996). Species differences in pharmacokinetics: An aid to toxicological evaluation. EurTeratol Soc 
p. 45.

Renwick AG, Roberts A, Sims J (1991). Sucralose metabolism and pharmacokinetics in man. Eurotox. 310.

Roberts A, Renwick AG (1988). The fate of cyclohexylamine in rat and mouse in relation to testicular toxicity. 
Human Toxicol 7(2):229.

Roberts A, Renwick AG, Creasy DM, Ford GP, Gaunt IF (1988). The DA rat as an aid to toxicological evaluation. 
Human Toxicol 7(2):228.

Roberts A, Renwick AG, George CF (1985). The pharmacokinetics and tissue distribution of cyclohexylamine in 
the rat and mouse. Toxicol Lett 31.

Roberts A, Renwick AG, George CF (1985). Salicylate pharmacokinetics: An undergraduate practical. Br J Clin 
Pharmacol 20.
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1 PERSONAL INFORMATION
L A S T  N A M E : Solomon

F I R S T  N A M E S : Keith Ross

B O R N : 1944-12-11, Cape Town, South Africa.

Professor Emeritus, School of Environmental 
Sciences and Director, Centre for Toxicology, 
2120 Bovey Building, Gordon Street, 
University of Guelph, Guelph,
ON, N1G 2W1, Canada

............... i i
Tel: Fax: |

S T A T U S : University Professor Emetirus and Adjunct Graduate Faculty

C I T I Z E N S H IP : Canadian

2 EDUCATION
DEGREE DEPARTMENT UNIVERSITY YEAR/MONTH

Ph.D. Entomology University of Illinois 1973/11
M.S. Entomology University of Illinois 1972/07
M.Sc. Zoology Rhodes University 1971/02
B.Sc.(Hons) Zoology Rhodes University 1967/02
B.Sc. Zoology/Chemistry Rhodes University 1966/02

3 EXPERIENCE
POSITION LOCATION YEAR/MONTH

Professor Emeritus and School of Environmental Sciences, University of Guelph 2010/01-present 
Associate Graduate Faculty
Director 
Assoc. Director 
Full Professor 
Associate Professor 
Assistant Professor 
Entomologist/Toxicologist 
Insect Toxicologist 
Biological Chemist 
Biological Chemist

Centre for Toxicology, University of Guelph
Canadian Centre for Toxicology. Guelph
School of Environmental Sciences, University of Guelph
Environmental Biology, University of Guelph
Environmental Biology, University of Guelph
Tick Control Unit, Vet. Research Institute, S. Africa
Biochemistry Div., National Chem. Research Lab, C.S.I.R.
Biochemistry Div., National Chem. Research Lab, C.S.I.R.
Tick Control Unit, Vet. Research Institute, S. Africa

1992/05-present
1984/01-1992/05
1989/09-2009/31
1982/09-1989/09
1978/08-1982/09
1977/07-1978/07
1974/12-1977/06
1968/01-1970/01
1967/01-1968/01

4 SCHOLARLY AND PROFESSIONAL ACTIVITIES
ROLE

Co-Chairman 
Program Co-Chair 
Co-Editor

ORGANIZATION ________
Aquatic Toxicity Workshop Organizing Committee.
14th Annual Aquatic Toxicity Workshop.
Proceedings of the 14m Annual Aquatic Toxicity Workshop.

DATE
1981
1987
1988
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ROLE ORGANIZATION DATE
Member Board of Directors North Eastern North American Chapter of the Society of 

Environmental Toxicology and Chemistry (SETAC).
1986-1989

Program Chair SETAC. 1985-1986
Publications & Educ. Comm. SETAC. 1986-1989
Secretary/T reasurer SETAC. 1986-1989
Co-Convenor Environmental Toxicology Session at the IUPAC Congress of 

Pesticide Chemistry, Ottawa.
1986

Co-Convenor Toxicology session at the XVIII World Congress of Entomology, 
Vancouver.

1988

Member Organizing Committee, SETAC '89. 1988-1989
Associate Member IUPAC Water Chemistry Commission 1991-1993
Member Steering Committee Aquatic Toxicity Workshop 1980-2001
Associate Institute of Environmental Studies University of Toronto. 1986-1994

5 SCIENTIFIC MEETINGS
RO LE (last 3 years only) ORGANIZATION__________________________________ DATE

Session chair A C S  Meeting, Indianapolis, IN Sep 09-14 2013
Session chair S E T A C  US Meeting, Long Beach, CA  Sep 10-14 2012

6 SCIENTIFIC SOCIETIES
American Association for the Advancement of Science
American Chemical Society (Agrochemicals and Environmental Divisions). Board member for ACS AGRO. 
Aquatic Toxicity Workshop.
Society of Environmental Toxicology and Chemistry (SETAC).
Laurentian Chapter of SETAC.

7 AWARDS AND HONORS
Fellow of the Society for Environmental Toxicology and Chemistry (SETAC) 2014-present 
The American Chemical Society 2013 Sterling B. Hendricks Memorial Lecturer sponsored by the the U.S. 

Agricultural Research Service.
Society for Society for Environmental Toxicology and Chemistry (SETAC) Founders Award, November 2006. 
Society for Environmental Toxicology and Chemistry (SETAC) Europe Award for Environmental Education, May

2006.
American Chemical Society International Award for Research In Agrochemicals. Agrochemicals Division of the 

American Chemical Society, April, 2002.
HERA Ecological Risk Assessment Paper of the Year 2001. Presented by the Editorial Board of HERA for the 

paper Solomon KR, Giesy JP, Kendall RJ, Best LB, Coats JR, Dixon KR, Hooper MJ, Kenaga EE, McMurry 
ST. 2001. Chlorpyrifos: ecotoxicological risk assessment for birds and mammals in corn agroecosystems. 
Human and Ecological Risk Assessment 7:497-632.

Fellow of the Academy of Toxicological Sciences (1999-present)
Watkins Visiting Professor, Wichita State University, Wichita, Kansas. February 19-22, 1996 
Society for Environmental Toxicology and Chemistry (SETAC) North America Award for Environmental 

Education. November, 1993

8 POST-DOCTORAL FELLOWS AND RESEARCH ASSOCIATES
J. Bestari (1995-01 to present)
H. Sanderson (2003-09 to 2005-09)
S. Richards (2001-09 to 2003-09)
P. Sibley 
R. Robinson 
R. Gensemer
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M. Sharom

9 GRADUATE STUDENT SUPERVISION
9.1 AS SUPERVISOR

NAME YEAR SU B JECT
M.Sc.
34 S. Baccus Sep 2006, 

WD Sep 
2014

Analysis and risk assessment of endocrine active substances in the 
environment (Co-advised with Mark Hewitt).

33 S. Sturman Sep 2005, 
WD Oct 
2014

PFCs in the Arctic food web (Co-advised with D. Muir).

32 R. Van Engen Jan 2009 -  
Apr 2012

Assessment of the physical and biological effects of mine-related total 
suspended solids in arctic lakes (Co-advised with Paul Sibley).

31 L. Baxter Sep 2009 -  
Apr 2011

Effects of atrazine and phosphorus on growth of aquatic 3 autotrophs and 
pond snails in outdoor microcosms

30 S. Howard Withdrew Effects of forest spraying with glyphosate on frogs
29 J. Rickard Sep 2005- 

Dec 2008
Colonization, fecundity and probing behaviour of soybean aphid on 
susceptible and resistant soybean varieties (Co-advised with R Hallett)

28 M. McDowell Withdrew Treatment of pharmaceuticals (Co-advised with N Bunce, Chemistry, U of 
Guelph).

27 A. Belknap Sep 2002 - 
Mar 2005

Identification of hormonally-active compounds in bleached kraft chemical 
recovery condensates (Co-advised with M Hewitt).

26 M. Smithwick Jan 2002- 
Apr 2005

Geographic, biological, temporal trends, and accumulation parameters of 
polyfluorinated compounds (Co-advised with D Muir).

25 C. Wilson May 2002- 
Dec 2004

Pharmaceuticals in the environment: assessment of effects on freshwater 
ecosystems using microcosms

24 D. Johnson May 2001- 
April 2004

Risk assessment of selective serotonin reuptake inhibitors: Comparing 
methods in tiered environmental risk assessment.

23 A. Gamble Withdrew Effects of industrial effluents on fish reproduction.
22 S. Quade Sep 2001- 

Sep 2003
Determination of tetrabromobisphenol-A in sediment and sludge (Co-advised 
with M Alaee).

21 J. Princz Sep 2001- 
Mar 2003

Ecotoxicological and chemical evaluation of soils contaminated with motor 
gasoline, and benzene, toluene, ethylbenzene, and xylenes (BTEX).

20 T. Boudreau Sep 1999- 
Dec 2002

Toxicological evaluation of perfluorniated organic acids to selected 
freshwater primary and secondary trophic levels under laboratory and semi
natural field conditions.

19 J. Luross Aug 2001 Spatial and temporal distributions of polybrominated diphenyl ethers in lake 
trout (Salvinius namaycush) from the Great Lakes.

18 M. Chappel Aug 2001 Evaluation of the toxicity of pesticides mixtures to fathead minnows 
(Pimephales prometas) using probabilistic ecological risk assessment and 
toxic equivalency methods

17 K. Munro Aug 2001 Population-level and suborganismal responses in fish due to chronic creosote 
exposure in aquatic microcosms

16 P. Takacs May 1999 Evaluation of probabilistic ecological risk assessment methodology using 
aquatic microcosms and azinphos-methyl

15 S. Knutson Apr 1998 Effects of phytosterols and estradiol on maturation and reproduction in 
fathead minnows

14 H. Sonnenberg Aug 1998 Extractable organochlorlne (EOCI) in white sucker (Catostomus commersoni) 
exposed to bleached kraft-mill effluents

13 J. Lewis May 1997 Bioindicators of polycyclic aromatic hydrocarbon PAH exposure in rainbow 
trout (Onchorynchus mykiss) and fathead minnows (Pimiphates prometas)
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NAME YEAR SU B JECT
12 J. McCann Feb 1997 The use of growth and membrane integrity assays as bioindicators of 

creosote effects in Myriophyllum spicatum L. growth
11 G. O'Brien Dec 1996 Penetration and extractability of pesticides into and from plastic used for 

container manufacture and recycling
10 L. Novak Sep 1994 Behavioural responses of rainbow trout (Oncorphynchus mykiss) to selected 

pulp and paper mill effluent constituents
9 A. Vandersluis May 1993 Dislodgeability and leachability of pesticides from products made from 

recycled plastic pesticide containers
8 G. Fan Jul 1991 The effect of dissolved organic matter on fenvalerate toxicity to Daphnia 

magna
7 S. Harris May 1991 Exposure of homeowners, professional applicators and bystanders to 2,4- 

dichlorophenoxyacetic acid (2,4-D)
6 R. Buchanan May 1991 Persistence, leaching and availability of chromated-copper-arsenate 

polyethylene glycol, copper naphthenate and pentachlorophenol wood 
preservatives from pressure treated utility poles

5 P. Martin Nov 1990 Effects of carbofuran on mallard ducklings (Anas platyrynchos)
4 J. Warner May 1990 Persistence, leaching, and bioavailability of CCA and pentachlorophenol 

wood preservatives
3 T. Valdes Dec 1983 Toxicity and synergism of permethrin to Trichogramma minutum Riley and T. 

fuentes Torre (Hymenoptera: Trichogrammatidae)
2 D. Thompson Apr 1983 Studies on the persistence of two phenoxy herbicides in agricultural, forestry 

and turfgrass environments
1 S. MacDonald Jan 1983 The management and mechanisms of resistance to permethrin in a field 

strain of the house fly, Musca domestica L

NAME YEAR SU B JEC T
Ph.D
29 D. Moore Sep 2009 in 

progress
Toxicity of metals to cold-water fish (Co-advised with Paul Sibley)

28 J. Rodrigues Sep 2009- 
Aug 2015

Fate and Effects of an Alkylamine Ethoxylate Surfactant Mixture in Aquatic 
Sys-tems: Pulsed Exposures, Recovery Capacity and the Importance of 
Sediment. (Co-advised with Mark Hanson, Paul Sibley)

27 A. Morris Sep 2007- 
Aug 2015

Current Use Organohalogen Contaminant Distributions in Seawater and 
Trophodynamics in Marine and Terrestrial Food Chains of the Canadian 
Arctic. (Co-advised with D. Muir and Richard Manderville)

26 S. Leelachao May 2009 -  
Apr 2015

Expression of Anti-Atrazine scFv and Atrazine Chlorohydrolase TrzN in 
planta for Potential Phytoremediation of Atrazine Contamination (Co-advised 
with Chris Hall)

25 R. Prosser May 2011- 
Oct 2014

Investigation of the Risk that Biosolids-Derived Triclosan and Tridocarban 
Pose to Plants and Human Health (Advisor Paul Sibley).

24 B. de Jourdan Sep 2007- 
Aug 2012

Environmental Fate and Toxicity of Three Brominated Flame Retardants in 
Aquatic Mesocosms (Co-advised with D. Muir and Mark Hanson)

23 J. Van Geest May 2007- 
Sep 2010

Bioaccumulation of sediment-associated contaminants in freshwater 
organisms: Development and standardization of a laboratory method

22 N. Gantner Sep 2004- 
Nov 2008

Effects of climate change on mercury concentrations in arctic char 
(Salvelinus alpinus) in the high arctic (Co-advised with D Muir).

21 R. Frank Sep 2003- 
Apr 2008

Fractionation and toxicity of naphthenic acids from oil-sand waste

20 A. Buckman Sep 2001- 
Apr 2006

Toxicokinetics and biological effects of PCBs and their hydroxylated 
metabolites in rainbow trout (Co-advised with Aaron Fisk)

19 M. Houde Sep 2002- Emerging organohalogen contaminants in bottlenose dolphins (Tursiops

Page 4 of 36

RM 000956



NAME YEAR SU B JECT
Apr 2006 t ru n c a tu s ) (Co-advised with D Muir)

18 R. Brain May 2002- 
Apr 2006

Evaluation of the phytotoxic effects of pharmaceuticals in aquatic higher 
plants

17 L. Lissemore Sep 2001- 
Aug 2005

Pharmaceuticals in agricultural surface waters: detection, distribution, 
exposure and risk

16 G. Stephenson Sep 1994- 
Apr 2003

Terrestrial test methods for plants and soil invertebrates.

15 P. Hoekstra Sep 1998- 
Mar 2003

Bioaccumulation and biotransformation of persistent organochlorine 
contaminants in the arctic marine ecosystem (Co-advised with D Muir)

14 M. Hanson Sep 1997- 
Sep 2002

M y r io p h y llu m  s p p . in ecological risk assessment: A case study with 
haloacetic acids.

13 J. Martin May 1998- 
May 2002

Environmental (per-)halogenated acids; detection, distribution, sources, and 
bioaccumulation (Co-advised with D Muir).

12 A. Farwell Jan 2000 Stable isotope study of riverine benthic food webs influenced by 
anthropogenic developments.

11 C. Marwood Jul 1999 Chlorophyll fluorescence as a mechanistic bioindicator of photosynthetic 
inhibition in aquatic plants.

10 M. Hewitt Jul 1997 An assessment of the contamination and effects of lampricide formulations of 
3-triflurormethyl-4-nitrophenol (TFM).

9 D. Houghton Apr 1997 Development and validation of fluorescent tracer method to estimate dermal 
exposure to pesticides used indoors.

8 R. Robinson Aug 1994 Endocrine effects of pulp mill effluents on non-target aquatic organisms
7 B. Archibald May 1993 Video imaging as a technique for estimating pesticide exposure in 

greenhouse chrysanthemum production.
6 D. Thompson May 1992 The effects of hexazinone and metsulfuron methyl in aquatic ecosystems
5 C. Fortin Apr 1991 Acute and chronic toxicity of technical and slow-release formulations of 

methoprene in selected zooplankton.
4 K. Liber Apr 1990 Persistence and biological effects of a commercial tetrachlorophenol 

formulation in aquatic ecosystems: Laboratory and limnocorral studies
3 A. Mahdavi May 1990 Insecticide resistance mechanisms in Ontario strains of the Colorado Potato 

Beetle.
2 S. Gaul Apr 1988 Interaction of tridiphane and metribuzin in soybean and tomato.
1 M. Lungle Feb 1988 Studies of the dissipation and effects of chlorpyrifos in microcosms.

9.2 A S  C O -S U P E R V IS O R
NAME YEAR S U B JEC T  AND LOCATION

10 Paddy
McManus

Sep 2010- 
Dec 2013

Characterization of efficacy and release patterns in a slow-release 
formulation of novaluron (Supervisor J C Hall).

9 A. Wojtyniak, 
M.Sc.

Sep 2004- 
Withdrew

Effects of veterinary pharmaceuticals on soil microbiological processes 
(Supervisor Paul Sibley).

8 D. Hillis, Ph.D. Sep 2004- 
Dec 2008

Arbuscular mycorrhizal fungi in ecological risk assessment: a case study with 
selected pharmaceuticals (Supervisor Paul Sibley).

7 E. Dussault, 
Ph.D.

May 2003- 
Apr 2008

Effects of pharmaceuticals on benthos (Supervisor Paul Sibley).

6 B. Fraser, M.Sc. Sep 2003- 
Dec 2006

Degradation of carbamazepine in STPs. With Nigel Bunce, Chemistry, U of 
Guelph.

5 G. Everson, 
M.Sc.

Jan 2004- 
Jan 2006

Reproduction of X e n o p u s  la e v i s  under field conditions (Supervisor, L Du 
Preez, Potchefstroom University, SA)

4 M. MacDonald, 
M.Sc.

Jan 2002- 
Sep 2005

Fluorotelomer acid toxicity to aquatic organisms (Supervisor Paul Sibley).
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3 K. Rattan, M.Sc. May 2002- 
Jan 2005

Establishing a reference condition to assess the effects of forest harvesting 
on phytoplankton community structure in boreal lakes (Supervisor Paul 
Sibley).

2 A. Warne, M.Sc. Jan 2002- 
Dec 2004

The effects of antibiotics on the structure and function of freshwater sediment 
bacterial communities. (Supervisor Paul Sibley).

1 A. Jooste, M.Sc. Jan 2001- 
July 2003

Effects of atrazine on X e n o p u s  la e v i s  under field conditions. (Supervisor, L 
Du Preez, Potchefstroom University, SA)

9.3 A S  E X T E R N A L  EX A M IN ER  (Ph.D .)
NAME YEAR UNIVERSITY

Karen Fildes 2008 University of Wollongong, Australia
Neil Tripodi 2005 The University of Queensland, Australia
Kerri-Ann Bartley-Hynes 2004 University of the West Indies, Kingston, Jamaica
Tsui Tsk Ki Martin 2002 Chinese University of Hong Kong
Yousef El-alawi 2000 University of Waterloo
U. Klee 1998 University of Waterloo
V. Kimani 1995 University of Nairobi
P.Y. Caux 1988 University of Ottawa, Ontario
M. Rafi Ahamed 1987 Sri Krishnadevaraya University, India
C. Henry 1985 University of the West Indies, Jamaica.
B. Sutherland 1979 Witwaterstrand, S. Africa

9.4 A S  C O M M ITTEE M EM B ER  (current only)
NAME OF STUDENT DEGREE SUPERVISOR DEPARTMENT

Renésahba Shahmohamadloo 
Kathleen Stevac

M.Sc.
M.Sc.

Paul Sibley 
Paul Sibley

School of Environmental Sciences 
School of Environmental Sciences

10 TEACHING
10.1 G R A D U A T E  C O U R S E S  TA U G H T

TOX6530, Ecotoxicological Risk Characterization 1996 - 2011 
TOX6000, Advanced Principles of Toxicology 1997 - present 
ENVB6720, Advanced Seminar 2006 - 2007 
ENVB6700, Seminar 1979 - 1982 
ENVB6710, Seminar 1983 - 1984
ENVB6510, Scientific Methods in Biology II (Residue analysis module) 1979 - 1983

10.2 U N D ER G R A D U A T E  C O U R S E S  TA U G H T
TOX2000, Principles of Toxicology 1982 - 2009 
TOX4200, Topics in Toxicology, 1984 - 2010
TOX4550, Ecotoxicological Risk Characterization (Same as TOX6530 above)
ENVB3030, Pesticides in the Environment 1978 - 1994 
ENVB4240, Biological Activity of Pesticides 1979 - 1992

10.3 C O U R S E W O R K  M A TER IA L
Principles of Toxicology, 1st to 21st edition, 1988-2009. Courseware for Principles of Toxicology, TOX-2000. 

Editor and Chapter author (200 pp).
Chemical and Biological Pesticides in the Environment, 1994-2006. Courseware for Pesticides in the

Environment, ENVG-3030. Author with G.R. Stephenson, R. Frank, T. Hsaing (350 pp). Now published as 
a book in English, Portuguese, and Spanish

Ecotoxicological Risk Characterization. 1996-2011. Courseware for Ecotoxicological Risk Characterization, 
ENVB-6530/4550 & TOX-6530/4550 (246 pp).

Page 6 of 36

RM 000958



11 RESEARCH FUNDING THROUGH UNIVERSITY OF GUELPH (last 3 years only)
YEAR TITLE AND RECIPIENTS AMOUNT TYPE

2014
2018

DFR for various pesticides on greenhouse vegetables. $1,409,040 Contract, 
Agriculture and 
Agrifood Canada

2014 The response of the salamander A m b y s to m a  m a c u la tu m  and 
its egg-capsule symbiont (the alga O o p h ila  s p .) to the 
photosystem II inhibitor atrazine under laboratory conditions. 
Keith Solomon*, Mark Hanson

$38,514.77 Contract from 
Syngenta Crop 
Protection, USA

2013 Response of the green alga O o p h ila  s p . , a salamander 
endosymbiont, to a PSIl-inhibitor under laboratory conditions 
Keith Solomon*, Mark Hanson

$14,976 Contract from 
Syngenta Crop 
Protection, USA

2011
2012

Developing methods for more realistic assessments of 
indirect effects of herbicides on threatened and endangered 
species. Paul Sibley* and Mark Hanson, Keith Solomon

$24,000 Contract from CLA.

2011
2014

CREAT-HERA funding for graduate students. Steve 
Siciliano*, K Solomon, et al.

$90,860 NSERC subaward 
via U of SK.

2011 Influence of light intensity, nutrient content, and temperature 
on the toxicity of atrazine to the green algae 
P s e u d o k ir c h n e r ie l la  s u b c a p ita ta  (formerly S e le n a s t r u m  
c a p r ic o rn u tu m ). Mark Hanson*, Keith Solomon.

$60,000 Contract from 
Syngenta Crop 
Protection, USA

2010
2011

Testing toxicity of mine effluents in Northern fish. K 
Solomon*

$35,000 Contract from BHP 
Billiton Diamonds 
and Diavik 
Diamond Mines.

1978
2010

Total funding for research projects at the University of 
Guelph

$8,405,142 Various sources

Total funding for network projects $21,115,000 Federal and
provincial
governments

* indicates principal investigator.

12 SUPERVISION OF RESEARCH PERSONNEL (person years at University of Guelph)
Research Associates 24
Technicians 32
Summer students 30

13 SCIENTIFIC AND ADVISORY COMMITTEES
13.1 STA N D IN G  C O M M IT T EES

Member and Secretary of the United Nations Environment Programme (UNEP) Panel on Environmental Effects 
of Ozone Depletion 2001-present.

Member and Chair of the OAS CICAD Panel on Environmental and Human Health Risk Assessment of the Use 
of Glyphosate for the Eradication of Illicit Crops. 2004-2008.

Member of the EUFRAM team for pesticide risk assessment 2003-2007.
Member of the Science Advisory Panel to PMRA on risks of the use of 2,4-D for landscape uses 2003-2004. 
Member of ILSI Technical Committee on Aggregate Exposure September 2000-2004.
Member of the US EPA Ecological Committee on FIFRA Risk Assessment Methods (ECOFRAM) 1998-2000. 
Member of the Science Panel, Centre for Environmental Endocrine Effects, Washington DC 1994-1996. 
Member and Chair of the Board of Directors of the Pest Management Alternatives Office, Agriculture Canada. 
Member and Vice Chair of the Ontario Pesticides Advisory Committee (OPAC) 1982-1994.
Member of the OPAC Research Sub-committee 1982-1994.
Chairman of the OPAC Classification Review, Classification and Toxicology Sub-committees 1982-1994.
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Member of the Associate Committee on Toxicology, NRCC 1984-1986.
Member of the Minneapolis Mosquito Control District Technical Advisory Committee and Scientific Peer Review 

Panel 1991-1995.
Member of the Ontario Waste Management Classification Sub-committee 1982-1983.Member of the Canadian 

Centre of Toxicology, Environmental Toxicology Task Force 1982-1986.
Chairman of the NRCC, ACSCEQ Expert Panel on the Environmental Impact of the Pyrethroid Insecticides. 
Member of the National Research Council of Canada (NRCC), Associate Committee on Scientific Criteria for 

Environmental Quality (ACSCEQ), Expert Panel on Pesticide Pollinator Interactions 1986-1986.
Member of the Review Board for D5 Siloxane for Environment Canada, 2010-2011.
Member of the CropLife America Sceicne Forum and Panel on Weight of Evidence, May 2012 
Member of the International Institute for Life Sciences (ILSI) HESI committee, July 1998-present. Current 

subcommittees are: Cumulative Risks and Problem Formulation for Cumulative Risks

.2 W O R K S H O P  G R O U P S  AND A D  H O C CO M M IT T EES
Member of the U.S. Environmental Protection Agency Advisory Panel for the Development of a Method to 

Assess the Impact of Pesticides in Aquatic Ecosystems 1982.
Member of the U.S. Environmental Protection Agency Research Review Panel for the U.S. EPA Regional 

Laboratory, Gulf Breeze, Florida 1986.
Member of the U.S. National Academy of Science/NRC Board of Environmental Studies and Toxicology Working 

Group on "Research Needs in Anticipation of Future Environmental Problems 1988.
Consultant to the Prairie Provinces Container Disposal Committee, January, 1990.
Consultant to the B.C. Antisapstain Committee, March, 1990.
Member of the U.S. EPA's Aquatic Risk Assessment and Mitigation Dialogue Group for Pesticides.1992-1994 
Chair of the Scientific Advisory Board to review and assess the ecological risks associated with the use of 

chlorine dioxide for the bleaching of pulp. 1992-1993 
Member of the Steering Committee for the SETAC workshop on Environmental Risk Assessment for 

Organochlorine Chemicals, July 24-29, 1994.
Member of the SETAC workshop on Ecological Risk Assessment Decision Support Systems, Pellston, Ml, 

August 23-28
Member and group leader of the SETAC workshop on Sediment Risk Assessment, Asilomar, CA, April 23-28, 

1995
Member of the Atrazine Risk Assessment Panel, TIWET, 1994-1995.
Member of the U.S. EPA workshop on Environmental Risk Assessment of Endocrine Disruptors, Duluth, MN, 

June 12-13, 1995
Member of the U.S. EPA workshop on Toxicity Thresholds for Superfund Sites, Chicago, IL June 19-20, 1995 
Member and group chair of the SETAC Pellston workshop on Multiple Stressors, Pellston, Ml, September 1997. 
Participant in SETAC/Europe OECD Higher Tier Aquatic Risk Assessment for Pesticides (HARAP) workshop on 

higher tier methods of toxicity testing in Bordeaux, France, April 1998.
Participant in the SETAC Pellston Workshop of Water Quality Criteria in Fairmont Montana, July 1998. 
Participant in the Community Level Aquatic System Studies - Interpretation Criteria (CLASSIC) workshop in 

Schmallenberg, Germany in May 30-June 2, 1999.
Invited plenary speaker and participant at Workshop on Risk Assessment and Risk Mitigation in the Context of 

the Authorization for Plant Protection Products (WORMM) workshop in Braunschweig, Germany, Sept 26
30, 1999

Participant and member of organizing committee for ILSI Aggregate Exposure Workshop, Omni Inner Harbour 
Hotel, Baltimore MD, October 19-21, 1999.

Participant in workshop on "Innovative Exposure Assessment of Pesticide Uses for Appropriate Risk 
Assessment" The Hague, Netherlands, September 2000 

Participant in the WERF PBT Workshop, Washington DC, March 17, 2001 
Participant in CCIW Sediment Toxicity Workshop, Cambridge ON, November 23-26, 2001 
Participant in Probabilistic Risk Assessment Workshop, June 3-9 2001, Netherlands.
Participant in CNTC Planning Workshop, June 28-29, 2001.
Co-Chair at Intertopic Workshop IW7 “Environmental Risk Assessment: Integrating the Exposure and Effects 

Information” IUPAC meeting in Basel Switzerland, August 4-9 2002 
Participant in Workshop on Assessment Endpoints for PMRA at Far Hills Inn in Quebec. October 4-6, 2002 
Participant in EPIF Workshop in Le Croisic, France. October 21, 2003
Participant in DFO Site Specific Risk Assessment Workshop, Ottawa, ON. October 27-28, 2003
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Participant in Probabilistic Assessment Methods for Risk Analysis in the Framework of PPP Authorization. 
Umweltbundesamt Berlin. 25-28 November 2003

Participant in Toward a Monitoring Network: A Technical Workshop for Pharmaceuticals & Personal Care 
Products in the Environment March 28-30, 2004. Queen's Landing. Nlagara-on-the-Lake, Ontario 

Participant in SOLEC Workshop, October 8, 2004. Toronto, ON.
Participant in Environment Agency Workshop on Chronic Aquatic Ecotoxicity Testing of Human Pharmaceuticals 

May 19, 2005, London, UK.
Participant in SOLEC Workshop, November 11, 2005. Windsor, ON.
Participant in Veterinary Pharmaceuticals: A SETAC Pellston Workshop. February 12-15, 2006, Pensacola FL. 
Participant in POPs Workshop: A SETAC Pellston Workshop. January 20-26, 2008, Pensacola FL.
Member of the siloxane D5 Board of Review established under the Canada Envlronmetnal Protection Act Aug 23 

2010.

Participant in the LATARAP workshop for Aquatic Risk Assessment in Buenos Aires, October 2012.
Session Chair; Harmonization of Assessment Practices for Chemicals with Persistent, Bioaccumulative, Toxic 

and Long-range Transport Characteristics. SETAC Meeting, Long Beach, CA, November 2012.

14 EDITORIAL BOARDS
Human and Ecological Risk Assessment (HERA) Ed Board 2001 - present 
Chemosphere 2000 -  2012
Environmental Toxicology and Chemistry (2004-2007); 2010 to present as Section Editor.
Pesticide Management Science (Associate editor 2009-present; Exec. Editor 2013-present).

15 PERSONNEL REVIEWS (including P&T) (last 4 years only)
2011 2012 2013 2014

Total 1 2 1 2

16 COMMUNITY ACTIVITIES
Advocate for bringing science to the public. Advisor to a number of City Councils and Provincial Governments 

on matters related to pesticides and other environmental issues.

17 PUBLICATIONS
17.1 B O O K S  AND C H A P T E R S  IN B O O K S
49 Solomon KR, Dalhoff K, Volz D, Van Der Kraak G. 2013. Effects of Herbicides on Fish. In: Tierney KB, Farrell 

AP, Brauner CJ, editors. Organic Chemical Toxicology of Fishes. Vol. 33. Amsterdam, NL: Academic Press, 
p 369-409.

48 Stephenson GR, Solomon KR, Carazo E. 2013. Plaguicldas y Ambiente. San Juan, Costa Rica, University of 
Costa Rica Press. 580 pp.

47 Solomon KR, Hanson ML. 2012. Reducing Ecotoxicity. In: Boethling R, Voutchkova A, editors. Green
Processes: Designing Safer Chemicals. Vol. 9. Weinheim, Germany: Wiley-VCH Verlag & Co. p 407-452.

46 Solomon KR, Stephenson GR, Correa CL Zambrone FAD. 2010. Praguicidas e o Meio Ambiente. Sao Paulo, 
Brazil, ILIS Press 473 pp.

45 Solomon KR. 2010. Ecotoxicological Risk Assessment of Pesticides in the Environment. In: Krieger RI, Doull J, 
van Hemmen J J, Hodgson E, Maibach HI, Ritter L, Ross J, Slikker W, editors. Handbook of Pesticide 
Toxicology. Vol. 2, 3 ed. Burlington, MA, USA: Elsevier, p 1191-1217.

44 Solomon KR, Hillis DG, Lissemore L, Sibley PK. 2009. Risks of Agricultural Pharmaceuticals In Surface Waters 
and Soil. In: Henderson K, Coats JR, eds. V e te r in a ry  P h a r m a c e u t ic a ls  in  th e  E n v iro n m e n t , A C S  
S y m p o s iu m  S e r i e s  1 0 1 8 . Washington, DC, USA: American Chemical Society, p 191-204.

43 Solomon KR. 2008. Use of (eco) toxicity data as screening criteria for the Identification and classification of PBT / 
POP compounds. In: Klecka G, Muir DCG, editors. Science-Based Gudance and Framework for the 
Evauation and Identification of PBTs and POPs: Summary of a SETAC Pellston Workshop. Pensacola, LF, 
USA: SETAC. p 17-20.

42 Solomon KR, Cooper D. 2008. Probabilistic Assessment of Laboratory-derived Acute Toxicity Data for Triazine 
Herbicides to Aquatic Organisms. In: LeBaron HM, McFarland JE, Burnside OC, editors, The Triazine 
Herbicides. 50 Years Revolutionizing Agriculture. Amsterdam, NL, Elsevier, p 425-438.

41 Brock TCM, Maltby L, Hickey C, Solomon KR. 2008. Spatial Extrapolation In Ecological Effect Assessment of 
Chemicals. In: Solomon KR, Brock TCM, de Zwart D, Dyer SD, Posthuma L, Richards SM, Sanderson H,
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Sibley PK, van den Brink PJ, editors. Extrapolation Practice for Ecotoxicological Effect Characterization of 
Chemicals. Pensacola, FL, USA: CRC/Taylor and Francis/SETAC Press, p 233-256.

40 Brock TCM, Solomon KR, Van Wljngaarden RPA, Maltby L. 2008. Temporal Extrapolation in Ecological Effect 
Assessment of Chemicals. In: Solomon KR, Brock TCM, de Zwart D, Dyer SD, Posthuma L, Richards SM, 
Sanderson H, Sibley PK, Van den Brink PJ, editors. Extrapolation Practice for Ecotoxicological Effect 
Characterization of Chemicals. Pensacola, FL, USA: CRC/Taylor and Francis/SETAC Press, p 187-221.

39 Posthuma L, De Zwart D, Solomon KR, Brock TCM. 2008. Guidance On the Application of Extrapolation
Methods in Ecological Exposure and Effects Characterization of Chemicals. In: Solomon KR, Brock TCM,
De Zwart D, Dyer SD, Posthuma L, Richards SM, Sanderson H, Sibley PK, van den Brink PJ, editors. 
Extrapolation Practice for Ecotoxicological Effect Characterization of Chemicals. Pensacola, FL, USA: 
CRC/Taylor and Francis/SETAC Press, p 281-322.

38 Solomon KR, Brock TCM, de Zwart D, Dyer SD, Posthuma L, Richards SM, Sanderson H, Sibley PK, van den 
Brink PJ. 2008. Preface. In: Solomon KR, Brock TCM, de Zwart D, Dyer SD, Posthuma L, Richards SM, 
Sanderson H, Sibley PK, van den Brink PJ, editors. Extrapolation Practice for Ecotoxicological Effect 
Characterization of Chemicals. Pensacola, FL, USA: CRC/Taylor and Francis/SETAC Press, p xv-xvili.

37 Solomon KR, Brock TCM, de Zwart D, Dyer SD, Posthuma L, Richards SM, Sanderson H, Sibley PK, van den 
Brink PJ. 2008. Extrapolation for Criteria Setting and Risk Assessment. In: Solomon KR, Brock TCM, de 
Zwart D, DyerSD, Posthuma L, Richards SM, Sanderson H, Sibley PK, van den Brink PJ, editors. 
Extrapolation Practice for Ecotoxicological Effect Characterization of Chemicals. Pensacola, FL, USA: 
CRC/Taylor and Francis/SETAC Press, p 1-32.

36 Solomon KR, Brock TCM, de Zwart D, Dyer SD, Posthuma L, Richards SM, Sanderson H, Sibley PK, van den 
Brink PJ. 2008. Conclusions. In: Solomon KR, Brock TCM, de Zwart D, Dyer SD, Posthuma L, Richards 
SM, Sanderson H, Sibley PK, van den Brink PJ, editors. Extrapolation Practice for Ecotoxicological Effect 
Characterization of Chemicals. Pensacola, FL, USA: CRC/Taylor and Francis/SETAC Press, p 257-267.

35 Solomon KR, Brock TCM, De Zwart D, Dyer SD, Posthuma L, Richards SM, Sanderson H, Sibley PK, van den 
Brink PJ, editors. 2008. Extrapolation Practice for Ecotoxicological Effect Characterization of Chemicals. 
Pensacola, FL, USA: CRC/Taylor and Francis/SETAC Press. 368 p

34 Stephenson GR, Solomon KR. 2007. Pesticides and the Environment. Guelph, Ontario, Canada: Canadian 
Network of Toxicology Centres Press. 427 p.

33 Kennedy IR, Solomon KR, Gee S, Crossan AN, Wang S, Sanchez-Bayo F. 2007. Achieving Rational Use of 
Agrochemicals: Environmental Chemistry in Action. In: Kennedy IR, Solomon KR, Gee S, Crossan AN,
Wang S, Sanchez-Bayo F, editors. Rational Environmental Management of Agrochemicals: Risk 
Assessment, Monitoring, and Remedial Action. ACS Symposium Series No 966 Washington, DC, USA: 
American Chemical Society, pp 1-7.

32 Solomon KR, Anadôn A, Brain RA, Cerdeira AL, Crossan AN, Marshall AJ, Sanin LH, Smith L. 2007.
Comparative Hazard Assessment of the Substances used for Production and Control of Coca and Poppy in 
Colombia. In: Kennedy IR, Solomon KR, Gee S, Crossan AN, Wang S, Sanchez-Bayo F, editors. Rational 
Environmental Management of Agrochemicals: Risk Assessment, Monitoring, and Remedial Action ACS 
Symposium Series No 966 Washington, DC, USA: American Chemical Society, pp 87-99.

31 Giddings JM, Anderson TA, Hall LW, Jr, Kendall RJ, Richards RP, Solomon KR, Williams WM. 2005. A
Probabilistic Aquatic Ecological Risk Assessment of Atrazine in North American Surface Waters. Pensacola, 
FL, USA: SETAC Press. 432 p

30 Solomon KR, Carr JA, du Preez LH, Glesy JP, Gross TS, Kendall RJ, Smith EE, Van Der Kraak GJ. 2005.
Ecotoxicological risk assessment of atrazine in amphibians. In: Clark JM, Ohkawa H, editors. Environmental 
Fate and Safety Management of Agrochemical ACS Symposium Series No 899. Washington, DC, USA: 
American Chemical Society, p 124-137.

29 Bright DA, Hodson PV, Lehtinen K-J, McKague BA, Rodgers JH Jr, Solomon KR. 2003. Evaluation of
Ecological Risks Associated with the Use of Chlorine Dioxide for the Bleaching of Pulp: Scientific Progress 
Since 1993. In: Aquatic Impacts of Pulp and Paper Effluents. In: Stuthridge T, van den Heuvel M, Marvin 
N, Slade A, Gifford J (Eds). Environmental Impacts of Pulp and Paper Waste Streams. SETAC Press: 
Pensacola FL. 552 pp p18-26.

28 Brooks BW, Richards SM, Weston J, Turner PK, K. Stanley JK, La Point TW, Brain R, Glidewell EA, Rene A, 
Massengale D, Smith W, Blank, CL, Solomon, KR, Slattery M, Foran CM. 2004. Aquatic Ecotoxlcology of 
Fluoxetine: A Review of Recent Research. In: Dietrich D, Webb S, Petry T, Eds, Hot Spot Pollutants: 
Pharmaceuticals in the Environment. Elsevier. Same paper as Brooks et al. 2003.

27 Moore DRJ, Delos CG, Giddings JM, Hansen DL, Landis WG, Mancini ER, McGee BL, Solomon KR, Toll JE,
Wuerthele W, Adams WJ. 2003. Risk Characterization. In: Reiley MC, Stubblefield WA, Adams WJ, Di Toro 
DM, Hodson PV, Erickson RJ, Keating FJ, Jr, eds. Réévaluation of the State of the Science for Water-quality 
Criteria Development. Pensacola, FL, USA: SETAC Press, p 119-142
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26 Solomon KR. 2003. Distributional risk assessment for agrochemicals: Triazlne herbicides. In: Coats JR, 
Yamamoto H, eds. Environmental Fate and Effects of Pesticides. ACS Symposium Series 853.
Washington, DC, USA, American Chemical Society, p 227-240

25 Solomon KR, Takacs P. 2002. Probabilistic risk assessment using species sensitivity distributions. In: Postuma 
L, Traas T, Suter GW, eds. Species Sensitivity Distributions in Risk Assessment. Boca Raton, FL, USA,
CRC Press, p 285- 313.

24 Solomon KR. 2001. Ecotoxicology. In: Krieger Rl, ed. Handbook of Pesticide Toxicology. 2nd ed. New York, NY: 
Academic Press. Volume 1, p 353-374.

23 Marwood CA, Dobson E, Smith REH, Solomon KR, Greenberg BM. 2001. In: Greenberg BM, Hull RN, Roberts, 
Jr. MH, Gensemer, RW (Eds.) Chlorophyll fluorescence as a bioindicator of photosynthesis inhibition from 
solar ultraviolet radiation in plants and algae. Environmental Toxicology and Risk Assessment: Science, 
Policy and Standardization - Implications for Environmental Decisions: Tenth Volume, ASTM STP 1403, 
West Conshohocken, PA, USA, American Society for Testing and Materials, p 27-39.

22 Gentile JH, Solomon KR, Butcher JB, Harrass M, Landis WG, Power M, Rattner BA, Warren-Hicks WJ, Wenger 
R. 1999. Linking stressors and ecological responses. In Foran JA, Ferenc SA (Eds.) Multiple stressors in 
ecological risk and impact assessment. Pensacola, FL, USA, SETAC Press, p 27-50.

21 Sherry J, Gamble A, Hodson P, Solomon K, Hock B, Marx A, Hansen P. 1999. Vitellogenin induction in fish as 
an indicator of exposure to environmental estrogen. In: Rao SS (Ed) Impact Assessment of Hazardous 
Aquatic Contaminants: Concepts and Approaches. Boca Raton, FL, USA, Lewis Publishers, p 123-160.

20 Solomon KR. 1999. Integrating environmental fate and effects information: the keys to ecotoxicological risk 
assessment for pesticides. In: Brooks, GT Roberts, TR (Eds.) Pesticide Chemistry and Bioscience: The 
Food-Environment Challenge. Special Publication No. 233. London, UK, Royal Society of Chemistry, p 
313-326.

19 Stephenson, G.L., A. Kaushik, N.K. Kaushik, K.R. Solomon, T. Steele, R.P. Scroggins. 1998. Development of 
an avoidance response test to assess the toxicity of contaminated soils to earthworms, pp. 67-82. In  
Advances in Earthworm Ecotoxicology, S. Sheppard, J. Bembridge, M. Holmstrup, and L. Posthuma,
(eds.). SETAC Press, Pensacola, FL

18 Parkhurst BR, Christensen S, Goldstein R, Neely B, Solomon KR. 1998. Model selection considerations in fate- 
and-effects analysis. In: Reinert KH, Bartell SM, Biddinger GR, eds. Ecological Risk Assessment Decision- 
Support System: A Conceptual Design. Pensacola, FL, USA, SETAC Press, p 15-19.

17 Houghton D, Archibald BA, Solomon KR. 1998. Review of video imaging techniques for estimating dermal 
exposure to pesticides. In: Ecobichon DJ (Ed) Occupational Hazards of Pesticide Exposure: Sampling, 
Monitoring, Measuring. Philadelphia, PA, USA, Taylor and Francis, p 135-186.

16 Solomon KR Chappel MJ. 1998. Triazine Herbicides: Ecological Risk Assessment in Surface Waters. In:
Ballantine LG McFarland JE  Hackett DS. (Eds.) Triazine Risk Assessment. ACS Symposium Series 683. 
Washington, DC, USA, American Chemical Society, p 357-368.

15 Solomon KR. 1998. Research Needs. In: R. Kendall, R. Dickerson, J. Giesy and W. Suk. (Eds.) Principles and 
Processes for Evaluating Endocrine Disruption in Wildlife. Pensacola, FL, USA, SETAC Press, p 449-455.

14 Tillitt DE Solomon KR Mihaich EM Cobb GTouart L Kubiak TJ. 1998. Role of exposure assessment in
characterizing risk of endocrine-disrupting substances in wildlife. In: R. Kendall, R. Dickerson, J. Giesy and 
W. Suk. (Eds.) Principles and Processes for Evaluating Endocrine Disruption in Wildlife. Pensacola, FL, 
USA, SETAC Press, p 39-68.

13 Solomon KR Ankley GT Baudo R Burton GA Ingersoll CG Lick W Luoma SN MacDonald DD Reynoldson TB 
Swartz RC Warren-Hicks W. 1997. Workgroup Summary Report on Methodological Uncertainty in 
Conducting Sediment Ecological Risk Assessments with Contaminated Sediments. In: Biddinger,G.R., T. 
Dillon, and C.G. Ingersoll, (Eds.) Ecological Risk Assessments of Contaminated Sediments. Pensacola, FL, 
USA, SETAC Press, p 271-296.

12 Ingersoll CG, Ankley GT, Baudo R, Burton GA, Lick W, Luoma SN, MacDonald DD, Reynoldson TB, Solomon 
KR, Swartz RC, and Warren-Hicks W. 1997. Workgroup Summary Report on an Uncertainty Evaluation of 
Measurement Endpoints Used in Sediment Ecological Risk Assessments In: Biddinger,G.R., T. Dillon, and
C.G. Ingersoll, (Eds.) Ecological Risk Assessments of Contaminated Sediments. Pensacola, FL, USA, 
SETAC Press, p 297-352.

11 Stephenson GL, Solomon KR, Hale B, Greenberg BM, Scroggins RP. 1997. Development of a suitable test 
method for evaluating the toxicity of contaminated soils to a battery of plant species relevant to soil 
environments in Canada In: Dwyer FJ, Doane TR, Hinman ML. (Eds.) Environmental Toxicology and Risk 
Assessment: Modelling and Risk Assessment 6th Volume, ASTM STP 1317, Philadelphia, American Society 
for Testing and Materials, p. 474-489

10 Huang X-D, Babu TS, Marwood CA, Gensemer RW, Solomon KR, Greenberg BM. 1997. Inhibition of
photosynthesis as an endpoint for the photoinduced toxicity of intact and photomodified PAHs. In: Dwyer,
FJ, Doane TR, Hinman ML (Eds.). Environmental Toxicology and Risk Assessment: Modelling and Risk

Page 11 of 36

RM 000963



Assessment (6th Volume) ASTM STP 1317. Philadelphia, PA, USA, American Society for Testing Materials, 
p 443-455

9 Gensemer RW, Ren L, Day KE, Solomon KR, Greenberg BM. 1996. Fluorescence induction as a blomarker of 
creosote phototoxicity to the aquatic macrophyte Lemna gibba. In: Bengtson D, Herschel DS, (Eds). 
Environmental Toxicology and Risk Assessment: Biomarkers and Risk Assessment 5th Vol., ASTM STP 
1306, Philadelphia, PA, USA, American Society for Testing and Materials, p 163-176.

8 Hewitt LM, Scott IM, Van Der Kraak GJ, Munkittrick KR, Solomon KR, Servos MR. 1996. Development of TIE 
procedures for complex mixtures using physiological responses in fish, In: In: Bengtson D, Herschel DS, 
(Eds). Environmental Toxicology and Risk Assessment: Biomarkers and Risk Assessment 5th Vol., ASTM 
STP 1306, Philadelphia, PA, USA, American Society for Testing and Materials, p 37-53.

7 Baker JL, Barefoot AC, Beasley LE, Burns L, Caulkins P, Clark J, Feulner R, Gipsy J, Graney R, Griggs R
Jacoby H, Laskowski D, Maciorowski A, Maihach E, Nelson H, Parish R, Siefert R, Solomon KR, van der 
SchalieW. 1994 Aquatic Dialogue Group: Pesticide Risk Assessment and Mitigation. Pensacola, FL, USA, 
SETAC Press, 220 p.

6 Liber K, Solomon KR, Kaushik NK, Carey JH. 1994. Impact of 2,3,4,6-tetrachlorophenol (DIATOX) on plankton 
communities in limnocorrals. In: Graney, R.L., J.H. Kennedy and J.H. Rogers (Eds.) Aquatic Mesocosm 
Studies in Ecological Risk Assessment. Boca Raton, FL, USA, Lewis Publishers, p 257-294.

5 Thompson DG, Holmes SB, Pitt DG, Solomon KR, Wainio-Keizer KL. 1994. Applying Concentration-Response 
Theory to Aquatic Enclosure Studies. In: Graney RL, Kennedy JH, Rodgers JH, Jr., editors. Aquatic 
Mesocosm Studies in Ecological Risk Assessment. Boca Ratton, FL, USA: Lewis Publishers, p 129-156.

4 Solomon KR, Harris SA, Stephenson GR. 1993. Applicator and bystander exposure to home garden and
landscape pesticides. In: Pesticides In Urban Environments. Fate and Significance. Eds. Racke, KD and 
Leslie, AR. ACS Symposium Series 522, Washington, DC, USA, American Chemical Society, p 262-274.

3 Solomon KR. 1983 Acarlcide resistance in ticks: Advances in Veterinary Science and Comparative Medicine 
27:273-296.

2 Solomon KR. 1982. Endocrine mechanisms In ticks: Effects of insect hormones and their mimics on
development and reproduction. In: Current Themes in Tropical Science Vol 1: Physiology of Ticks, Ed. 
Obenchain FD and Galun R, London, UK, Academic Press, p 399-438.

1 Solomon KR. 1981. Pesticide - Pollinator Interactions. Environmental Secretariat Publication No. 18471 
Ottawa, ON, Canada, National Research Council of Canada.

17.2 P A P E R S  IN P R E S S , A C C E P T E D , S U B M IT TED , O R  IN P R EP A R A T IO N  F O R  P U B LIC A TIO N
A c c e p t e d  o r  in  P r e s s
Giesy JP, Solomon KR, Kacew S, Mackay D, Stobo G, Kennedy S. 2015. The case for establishing a board of
review for resolving environmental Issues: The science court in Canada. In te g r a te d  E n v ir o n m e n ta l  A s s e s s m e n t  a n d
M a n a g e m e n t  Accepted: DOI: 10.1002/ieam.1729
S u b m it t e d

17.3 P U B LIC A T IO N S  IN R E F E R E E D  S C IE N T IF IC  JO U R N A L
288 Baxter L, Brain RA, Hosmer AJ, Nema M, Muller KM, Solomon KR, Hanson ML. 2015. Effects of atrazine on

egg masses of the yellow-spotted salamander (A m b y s to m a  m a c u la tu m ) and its endosymblotic alga (O o p h ila  
a m b ly s to m a t is ) . E n v ir o n m e n ta l  P o llu t io n  206:324-331

287 Prosser RS, Brain RA, Malia Andrus J, Hosmer AJ, Solomon KR, Hanson ML. 2015. Assessing temporal and 
spatial variation in sensitivity of communities of periphyton sampled from agroecosystem to, and ability to 
recover from, atrazine exposure. E c o t o x i c o lo g y  a n d  E n v ir o n m e n ta l  S a f e t y  118:204-216

286 Currie Z, Prosser RS, Rodriguez-Gil JL, Mahon K, Poirier D, Solomon KR. 2015. Toxicity of Cuspide 480SL® 
spray mix formulation of glyphosate to aquatic organisms. E n v ir o n m e n ta l  T o x ic o lo g y  a n d  C h e m is t r y  
34:1178-1184.

285 Lutter R, Abbott L, Becker R, Borgert C, Bradley A, Charnley G, Dudley S, Felsot A, Golden N, Gray G, Juberg 
D, Mitchell M, Rachman N, Rhomberg L, Solomon K, Sundlof S, Willett K. 2014. Improving weight of 
evidence approaches to chemical evaluations. R i s k  A n a ly s is  35:186-192:

284 Ross JH, Hewitt A, Armitage J, Solomon K, Watkins DK, Ginevan ME. 2015. Exposure to TCDD from base 
perimeter application of Agent Orange in Vietnam. S c i e n c e  o f  th e  T o ta l  E n v ir o n m e n t  511:82-90.

283 Armitage JA, Ginevan ME, Hewitt A, Ross JH, Watkins DK, Solomon KR. 2015. Environmental fate and dietary 
exposures of humans to TCDD as a result of the spraying of Agent Orange in upland forests of Vietnam. 
S c i e n c e  o f  th e  T o ta l  E n v ir o n m e n t  506-507:621-630.

282 Madronich S, Shao M, Wilson SR, Solomon KR, Longstreth JD, Tang XY. 2015. Changes in air quality and 
tropospheric composition due to depletion of stratospheric ozone and interactions with changing climate: 
implications for human and environmental health. P h o to c h e m ic a l  & P h o to b io lo g ic a l  S c i e n c e s  14:149-169

Page 12 of 36

RM 000964



281 Ross JH, Hewitt A, Armitage J, Solomon KR, Watkins DK, Ginevan ME. 2014. Handler, bystander, and reentry 
exposure to TCDD from application of Agent Orange by C-123 aircraft during the Vietnam War. S c i e n c e  o f  
th e  T o ta l E n v ir o n m e n t  505:514-525.

280 Van Der KraakGJ, Hosmer AJ, Hanson ML, Kloas W, Solomon KR. 2014. Effects of atrazine in fish,
amphibians, and reptiles: An analysis based on quantitative weight of evidence. Critical Reviews in 
T oxicology:44(S5): 1 -66.

279 Rodríguez-Gil JL, Brain RA, Baxter L, Ruffell S, McConkey B, Solomon KR, Hanson ML. 2014. Optimization of 
culturing conditions for toxicity testing with the alga O o p h ila  sp. (Chlorophyceae), an amphibian 
endosymbiont. E n v ir o n m e n ta l  T o x ic o lo g y  a n d  C h e m is t r y  33:2566-2575.

278 Carriquiriborde P, Mirabella P, Waichman A, Solomon K, Van den Brink PJ, Maund S. 2014. Aquatic Risk 
Assessment of Pesticides in Latin America. In te g ra te d  E n v ir o n m e n ta l  A s s e s s m e n t  a n d  M a n a g e m e n t  
10:539-542

277 Morris AD, Muir DCG, Solomon KR, Teixeira C, Duric M, Wang X. 2014. Bioaccumulation and trophodynamics 
of current use pesticides and endosulfan in the vegetation-caribou-wolf food chain in the Canadian Arctic. 
E n v ir o n m e n ta l  T o x ic o lo g y  a n d  C h e m is t r y  33:1956-1966.

276 Prosser RS, Lissemore L, Solomon KR, Sibley PK. 2014. Toxicity of biosolids-derived triclosan and triclocarban 
to six crop species. E n v ir o n m e n ta l  T o x ic o lo g y  a n d  C h e m is t r y  33:1840-1848.

275 Baxter L, Brain R, Rodríguez-Gil JL, Hosmer A, Solomon K, Hanson M. 2014. Response of the green alga 
O o p h ila  s p . , a salamander endosymbiont, to a PSIl-inhibitor under laboratory conditions. E n v iro n m e n ta l  
T o x ic o lo g y  a n d  C h e m is t r y  33: 1858-1864.

274 Cutler C, Purdy J, Giesy JP, Solomon KR. 2014. Risk to pollinators from the use of chlorpyrifos in North 
America. R e v i e w s  o f  E n v ir o n m e n ta l  C o n ta m in a tio n  a n d  T o x ic o lo g y  231:219-265.

273 Giddings J, Williams M, Solomon KR, Giesy JP. 2014. Risks to aquatic organisms from the use of chlorpyrifos 
in the United States. R e v i e w s  o f  E n v ir o n m e n ta l  C o n ta m in a tio n  a n d  T o x ic o lo g y  231:119-162.

272 Giesy JP, Solomon KR, Mackay D, Giddings JM, Williams M, Moore D, Purdy J, Cutler C. 2014. Ecological risk 
assessment for chlorpyrifos in terrestrial and aquatic systems in the United States -  overview and 
conclusions. R e v i e w s  o f  E n v ir o n m e n ta l  C o n ta m in a t io n  a n d  T o x ic o lo g y  231:1-12.

271 Mackay D, Giesy JP, Solomon KR. 2014. Fate in the environment and long-range atmospheric transport of the 
organophosphorus insecticide, chlorpyrifos and its oxon. R e v i e w s  o f  E n v ir o n m e n ta l  C o n ta m in a tio n  a n d  
T o x ic o lo g y  231:35-76.

270 Moore DRJ, Teed RS, Greer C, Solomon KR, Giesy JP. 2014. Refined avian risk assessment for chlorpyrifos in 
the United States. R e v i e w s  o f  E n v ir o n m e n ta l  C o n ta m in a t io n  a n d  T o x ic o lo g y  231:163-217.

269 Solomon KR, Williams M, Mackay D, Purdy J, Giddings JM, Giesy JP. 2014. Properties and uses of chlorpyrifos 
in the United States. R e v i e w s  o f  E n v ir o n m e n ta l  C o n ta m in a t io n  a n d  T o x ic o lo g y  231:13-34.

268 Williams M, Giddings J, Purdy J, Solomon KR, Giesy JP. 2014. Exposures of aquatic organisms to the 
organophosphorus insecticide, chlorpyrifos resulting from use in the United States. R e v i e w s  o f  
E n v ir o n m e n ta l  C o n ta m in a t io n  a n d  T o x ic o lo g y  231:77-118.

267 Martin JW, Mabury SA, Solomon KR, Muir DCG. 2013. Progress toward understanding the bioaccumulation of 
perfluorinated alkyl acids. E n v ir o n m e n ta l  T o x ic o lo g y  a n d  C h e m is t r y  32:2421-2423.

266 Armbrust K, Burns M, Crossan AN, Fischhoff DA, Hammond LE, Johnston JJ, Kennedy I, Rose MT, Seiber JN, 
Solomon K. 2013. Perspectives on Communicating Risks of Chemicals. J o u r n a l  o f  A g r ic u ltu ra l  a n d  F o o d  
C h e m is t r y  61:4676-4691.

265 Prosser RS, Brain RA, Hosmer AJ, Solomon KR, Hanson ML. 2013. Assessing sensitivity and recovery of field- 
collected periphyton acutely exposed to atrazine using PSII inhibition under laboratory conditions. 
E c o t o x ic o lo g y  22:1367-1383.

264 Baxter L, Brain R, Prosser R, Solomon K, Hanson M. 2013. Sensitivity of a green alga to atrazine is not 
enhanced by previous acute exposure. E n v ir o n m e n ta l  P o llu t io n  181:325-328

263 de Jourdan BP, Hanson ML, Muir DCG, Solomon KR. 2013. Environmental fate of three novel brominated flame 
retardants in aquatic mesocosms. E n v ir o n m e n ta l  T o x ic o lo g y  a n d  C h e m is t r y  32:1060-1068.

262 Kavanagha RJ, Frank RA, Solomon KR, Van Der Kraak G. 2013. Reproductive and health assessment of 
fathead minnows (P im e p h a le s  p r o m e ta s )  inhabiting a pond containing oil sands process-affected waters. 
A q u a t ic  T o x ic o lo g y  130-131: 201-209.

261 Solomon KR, Matthies M, Vighi M. 2013. Assessment of PBTs in the EU: A critical assessment of the proposed 
evaluation scheme with reference to plant protection products. E n v ir o n m e n ta l  S c i e n c e s  E u r o p e  25:1-25.

260 Solomon KR, Giesy JP, Lapoint TW, Giddings JM, Richards RP. 2013. Ecological risk assessment of atrazine in 
North American surface waters. E n v ir o n m e n ta l  T o x ic o lo g y  a n d  C h e m is t r y  32:10-11.

259 Baxter LR, Sibley PK, Solomon KR, Hanson ML. 2013 Interactions between atrazine and phosphorus in 
aquatic systems: Effects on phytoplankton and periphyton. C h e m o s p h e r e  90:1069-1076.
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1991.

2 Environments at Risk: Case Histories of Impact Assessment. Derek Ellis. Springer-Verlag, New York, 1989.
Published in American Zoologist (1990).

1 Experimental Toxicology: The Basic Principles. Edited by D. Anderson and D. M. Conning, Royal Society of 
Chemistry, London. Published in Pesticide Biochemistry and Physiology, 37: 99-100 (1990).

17.8 THESES
61 De Jourdan, B. 2012. Environmental fate and toxicity of three brominated flame retardants in aquatic

mesocosms. Ph.D. Thesis, School of Environmental Sciences, University of Guelph, September 2012 
60 Vanengen, R. 2012. Assessment of the physical and biological effects of mine-related total suspended solids in 

arctic lakes. M.Sc. Thesis, School of Environmental Sciences, University of Guelph, April 2012
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59 Baxter, L. 2011. Effects of atrazine and phosphorus on growth of aquatic 3 autotrophs and pond snails in
outdoor microcosms. M.Sc. Thesis, School of Environmental Sciences, University of Guelph, April 2011.

58 Van Geest, JL. 2010. Bioaccumulation of sediment-associated contaminants in freshwater organisms:
Development and standardization of a laboratory method. Ph.D. Thesis, School of Environmental Sciences, 
University of Guelph, September 2010

57 Hillis, D. 2008. Arbuscular mycorrhizal fungi in ecological risk assessment: a case study with selected
pharmaceuticals. Ph.D. Thesis, Department of Environmental Biology, University of Guelph, December
2008.

56 Gantner N. 2008. Effects of climate change on mercury concentrations in arctic char (Salvelinus alpinus) in the 
high arctic. Ph.D. Thesis, Department of Environmental Biology, University of Guelph, December 2008.

55 Rickard J. 2008. Colonization, fecundity and feeding behaviour of soybean aphid, on susceptible and resistant 
soybean varieties. M.Sc. Thesis, Department of Environmental Biology, University of Guelph, December
2008.

54 Dussault EAM. 2008. Effects of Pharmaceuticals and Personal Care Products in Benthic Invertebrates. Ph.D. 
Thesis. University of Guelph, April 2008

53 Frank RA. 2008. Fractionation and toxicity of naphthenic acids from oil-sand waste. Ph.D. Thesis, University of 
Guelph, April 2008

52 Fraser B. 2006. Environmental chemistry and toxicology of carbamazepine. M.Sc. Thesis, University of 
Guelph, November 2006.

51 Houde M. 2006. Emerging organohalogen contaminants in bottlenose dolphins ( T u r s io p s  t r u n c a tu s ) . Ph.D. 
Thesis, University of Guelph, April 2006.

50 Buckman A. 2006. Toxicokinetics and biological effects of PCBS and their hydroxylated metabolites in rainbow 
trout. Ph.D. Thesis, University of Guelph, April 2006

49 Brain RAB. 2006. Evaluation of the phytotoxic effects of pharmaceuticals in aquatic higher plants. Ph.D.
Thesis, University of Guelph, March 2006.

48 MacDonald M. 2005 Fluorotelomer acid toxicity to aquatic organisms. M.Sc. Thesis, University of Guelph, 
September 2005.

47 Lissemore L. 2005. Pharmaceuticals in agricultural surface waters: detection, distribution, exposure and risk. 
Ph.D. Thesis, University of Guelph, September 2005.

46 Smithwick M. 2005. Geographical, biological, temporal trends, and accumulation parameters of polyfluourinated 
compounds. M.Sc. Thesis, University of Guelph, March 2005.

45 Belknap AM. 2005. Identification of hormonally-active compounds In bleached kraft chemical recovery 
condensates. M.Sc. Thesis, University of Guelph, March 2005.

44 Rattan K. 2005. Establishing a reference condition to assess the effects of forest harvesting on phytoplankton 
community structure in boreal lakes. M.Sc. Thesis, University of Guelph, January 2005

43 Warne A. 2004. The effects of antibiotics on the structure and function of freshwater sediment bacterial 
communities. M.Sc. Thesis, University of Guelph, December 2004

42 Wilson CJ. 2004. Pharmaceuticals in the environment: assessment of effects on freshwater ecosystems using 
microcosms. M.Sc. Thesis, University of Guelph, December 2004.

41 Johnson DJ. 2004. Risk assessment of selective serotonin reuptake inhibitors: Comparing methods in tiered 
environmental risk assessment. M.Sc. Thesis, University of Guelph, April 2004.

40 QuadeSC. 2003. Determination of tetrabromobisphenol A in sediment and sludge. M.Sc. Thesis, University of 
Guelph, September 2003.

39 Stephenson GL. 2003. Terrestrial test methods for plants and soil invertebrates. Ph.D Thesis, University of 
Guelph, April, 2003.

38 Princz J. 2003. Ecotoxicological and chemical evaluation of soils contaminated with motor gasoline, and
benzene, toluene, ethylbenzene, and xylenes (BTEX). M.Sc. Thesis University of Guelph, March, 2002

37 Hoekstra PF. 2003. Bioaccumulation and biotransformation of persistent organochlorine contaminants in the 
arctic marine ecosystem. Ph.D Thesis, University of Guelph, March, 2003.

36 Boudreau TM. 2002. Toxicological evaluation of perfluorinated organic acids to selected freshwater primary and 
secondary trophic levels under laboratory and semi-natural field conditions. M.Sc. Thesis University of 
Guelph, December, 2002

35 Hanson, ML. 2002. M y r io p h y llu m  s p p . in ecological risk assessment: A case study with haloacetic acids. Ph.D 
Thesis, University of Guelph, September 2002

34 Martin JW. 2002. Environmental (per-)halogenated acids; detection, distribution, sources, and bioaccumulation. 
Ph.D Thesis, University of Guelph, April 2002

33 Luross JM. 2001. Spatial and temporal distributions of polybrominated diphenyl ethers in lake trout ( S a lv in iu s  
n a m a y c u s h )  from the Great Lakes. MSc Thesis, University of Guelph, August 2001

32 Munro, KA. 2001. Population-level and suborganismal responses In fish due to chronic creosote exposure in 
aquatic microcosms. MSc Thesis, University of Guelph, August 2001. 201 p
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31 Chappel, MJ. 2001. Evaluation of the toxicity of pesticides mixtures to fathead minnows (P im e p h a le s  p r o m e la s )  
using probabilistic ecological risk assessment and toxic equivalency methods. MSc Thesis, University of 
Guelph, August 2001. 219 p.

30 Farwell A. 2000. Stable isotope study of riverine benthic food webs influenced by anthropogenic developments. 
PhD Thesis, University of Guelph, January 2000. 192 p

29 Marwood CA. 1999. Chlorophyll fluorescence as a mechanistic bioindicator of photosynthetic inhibition in 
aquatic plants. PhD Thesis, University of Guelph, July 1999. 288 p

28 Takacs P. 1999. Evaluation of probabilistic ecological risk assessment methodology using aquatic microcosms 
and azinphos-methyl. MSc Thesis, University of Guelph, May 1999. 240 p.

27 Sonnenberg HE. 1998. Extractable organochlorine (EOCI) in white sucker (C a t o s t o m u s  c o m m e r s o n i)  exposed 
to bleached kraft mill effluents. MSc Thesis, University of Guelph, August 1998. 141 p.

26 Knutson S. 1998. Effects of phytosterols and estradiol on maturation and reproduction in fathead minnows.
MSc Thesis, University of Guelph, 1998. 100 p.

25 Hewitt, LM. 1997. An assessment of the contamination and effects of lampricide formulations of 3- 
triflurormethyl-4-nitrophenol (TFM). PhD Thesis, University of Guelph, July 1997. 228 p.

24 Houghton D. 1997. Development and validation of fluorescent tracer method to estimate dermal exposure to 
pesticides used indoors. PhD Thesis, University of Guelph, 1997. 462 p.

23 Lewis J. 1997. Bioindicators of polycyclic aromatic hydrocarbon PAH exposure in rainbow trout (O n c h o r y n c h u s  
m y k is s )  and fathead minnows (P im ip h a le s  p r o m e la s ) . MSc Thesis, University of Guelph, May 1997. 81 p.

22 McCann J. 1997. The use of growth and membrane integrity assays as bioindicators of creosote effects in 
M y rio p h y llu m  s p ic a tu m  L. growth. MSc Thesis, University of Guelph, February 1997. 165 p.

21 Wisner B. Individual and population-level effects of liquid creosote on fathead minnows (Pimephales promelas). 
Diploma-Biologic an der Mathematisch-Naturwissenschaftlichen Fakultat der Rheinisch-Westphalischen 
Technischen Hochschule Aachen, FRG, July 1997. 108 p.

20 O’Brien GM. 1996. Penetration and extractabllity of pesticides into and from plastic used for container 
manufacture and recycling. M.Sc Thesis, University of Guelph, December 1996. 118 p.

19 Novak L. 1994. Behavioural responses of rainbow trout (O n c o r p h y n c h u s  m y k is s )  to selected pulp and paper mill 
effluent constituents. M.Sc. Thesis, University of Guelph, September 1994. 111 p.

18 Robinson R. 1994. Endocrine effects of pulp mill effluents on non-target aquatic organisms. Ph D. Thesis, 
University of Guelph, August 1994. 150 p.

17 Archibald BA. 1993. Video Imaging as a Technique for Estimating Pesticide Exposure in Greenhouse 
Chrysanthemum Production. Ph.D. Thesis, University of Guelph, May 1993. 119 p.

16 Vandersluis (Kells) AM. 1993. Dislodgeabillty and leachability of pesticides from products made from recycled 
plastic pesticide containers. M.Sc. Thesis, University of Guelph, May 1993. 102 p.

15 Thompson DG. 1992. The effects of hexazinone and metsulfuron methyl in aquatic ecosystems. Ph.D. Thesis, 
University of Guelph, May 1992. 163 p.

14 Fan GT. 1991. The effect of dissolved organic matter on fenvalerate toxicity to D a p h n ia  m a g n a . M.Sc. Thesis, 
University of Guelph, July 1991. 62 p.

13 Buchannan RD. 1991. Persistence, leaching and availability of chromated-coper-arsenate polyethylene glycol, 
copper naphthenate and pentachlorophenol wood preservatives from pressure treated utility poles. M.Sc 
Thesis, University of Guelph, May 1991. 92 p.

12 Harris SA. 1991. Exposure of homeowners, professional applicators and bystanders to 2,4- 
dichlorophenoxyacetic acid (2,4-D). M.Sc. Thesis, University of Guelph, May 1991. 85 p.

11 Fortin C. 1991. Acute and chronic toxicity of technical and slow-release formulations of methoprene in selected 
zooplankton. Ph.D. Thesis, University of Guelph, April 1991. 141 p.

10 Martin PA. 1990. Effects of Carbofuran on Mallard Ducklings ( A n a s  p la t y r y n c h o s ) . M.Sc. Thesis, University of 
Guelph, November 1990. 104 p.

9 Liber K. 1990. Persistence and biological effects of a commercial tetrachlorophenol formulation in aquatic 
ecosystems: Laboratory and limnocorral studies. Ph.D. Thesis, University of Guelph, 1990. 184 p.

7 Warner JE . 1990. Persistence, leaching, and bioavailability of CCA and pentachlorophenol wood preservatives. 
M.Sc. Thesis, University of Guelph, May 1990. 87 p.

6 Mahdavi A. 1990. Insecticide resistance mechanisms in Ontario strains of the Colorado Potato Beetle. Ph D. 
Thesis, University of Guelph, May 1990. 120 p.

5 Gaul SO. 1988. Interaction of tridiphane and metribuzin in soybean and tomato. Ph.D. Thesis, University of 
Guelph, April 1988. 156 p.

4 Lungle ML. 1988. Studies of the dissipation and effects of chlorpyrifos in microcosms. Ph.D. Thesis, University 
of Guelph, February 1988. 315 p.

3 Valdes MT. 1983. Toxicity and synergism of permethrin to T r ic h o g ra m m a  m in u tu m  Riley and T. fu e n te s  Torre 
(Hymenoptera: Trichogrammatidae) M.Sc. Thesis, University of Guelph, December 1983. 85 p.
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2 Thompson DG. Studies on the persistence of two phenoxy herbicides in agricultural, forestry and turfgrass 
environments. M.Sc. Thesis, University of Guelph, April 1983. 108 p

1 MacDonald RS. The management and mechanisms of resistance to permethrin in a field strain of the house fly, 
M u s c a  d o m e s t ic a  L. (Diptera: Muscidae) M.Sc. University of Guelph, January 1983. 58 p

17.9 AUTHOR OR CONTRIBUTING AUTHOR OF THE FOLLOWING SCIENTIFIC REPORTS AND 
PAPERS

104 Bestari KT, Solomon KR, Henriquez N. 2013. Determination of Dislodgeable Pesticide Residues from 
Composite Bricks made from Recycled Plastic Pesticide Containers. September 20, 2013

103 Bestari KT, Solomon KR, Henriquez N. 2013. Preliminary Screening Study Determination of Dislodgeable 
Tralopyril Residues from Themoplastic Polyurethane (TPU Treated with 3% and 4.5% ECONEA® Brand 
Tralopyril Antifoulant. August 1, 2013.

102 Bestari KT, Solomon KR, Henriquez N. 2013. Determination of Dissipation and Dislodgeability of Greenhouse- 
Applied Pesticide (Flonicamid) and the Potential Chronic Exposure of Workers in Ornamental Greenhouse 
Plants (Chrysanthemums). January 13, 2013.

101 Bestari KT, Solomon KR, Henriquez N. 2013. Determination of Dissipation and Dislodgeability of Greenhouse- 
Applied Pesticide (Propamocarb.HCI) and the Potential Chronic Exposure of Workers in Ornamental 
Greenhouse Plants (Chrysanthemums). January 30, 2013.

100 Bestari KT, Solomon KR, Henriquez N. 2013. Determination of Dissipation and Dislodgeability of Greenhouse- 
Applied Pesticide (Pyridalyl) and the Potential Chronic Exposure of Workers in Ornamental Greenhouse 
Plants (Chrysanthemums). April 19, 2013.

99 Bestari KT, Solomon KR, Henriquez N. 2013. Determination of Dissipation and Dislodgeability of Greenhouse- 
Applied Pesticide (Novaluron) and the Potential Chronic Exposure of Workers in Ornamental Greenhouse 
Plants (Chrysanthemums). April 19, 2013.

98 Bestari KT, Solomon KR, Henriquez N. 2012. Determination of Dissipation and Dislodgeability of Greenhouse- 
Applied Pesticide (Myclobutanil) and the Potential Chronic Exposure of Workers in Ornamental Greenhouse 
Plants (Chrysanthemums). November 7, 2012.

97 Bestari KT, Solomon KR, Henriquez N. 2012. Determination of Dislodgeable Tebuconazole residues from
Spruce and Southern Yellow Pine (SYP) Boards Pressure Treated with Formulation JJT  4929-1. February 
15, 2012

96 Bestari KT, Solomon KR, Henriquez N. 2012. Determination of Dislodgeable Triadimefon residues from Spruce 
and Southern Yellow Pine (SYP) Boards Pressure Treated with Formulation JJT  4929-1. February 15, 2012

95 Bestari KT, Solomon KR, Henriquez N. 2012. Determination of Dislodgeable Imldacloprid residues from Spruce 
and Southern Yellow Pine (SYP) Boards Pressure Treated with Formulation JJT  4929-1. February 15, 2012

94 Giesy JP, Solomon KR, Kacew S. 2011. Report of the Board of Review for Decamethylcyclopentaslloxane 
(Siloxane D5). Environment Canada, Ottawa, ON, Canada October 20, 2011. 83 p.

93 Bestari KT, Solomon KR, Henriquez N. 2012. A Preliminary Determination of Dislodgeable Pesticide Residues 
from Refuse Plastic Bags Manufactured in Swaziland. June 4, 2012

92 Bestari KT, Solomon KR, Henriquez N. 2011. Leachability of Pesicides from 100-m Long Tile drains. February 
7, 2011

91 Bestari KT, Solomon KR, Henriquez N. 2010. Leachability of Pesicides from Multiple Sources of Tile drains. 
August 11, 2010.

90 Bestari KT, Solomon KR, Henriquez N. 2009. Determination of Dislodgeable Tebuconazole Residues from 
Spruce and Southern Yellow Pine (SYP) Boards Pressure Treated with Formulation AWP-0911-4.
December 7, 2009

89 Bestari KT, Solomon KR, Cahill S. 2008. Field Monitoring and Re-Evaluation of Workers’ Dermal Exposures to 
Didecyldimethylammonium Chloride (DDAC) Used in the Protection of Cut Lumber (Field Study). Work for 
Sapstain Industry Group (SIG), September 22, 2008.

88 Bestari KT, Solomon KR, Cahill S. 2007. Determination of ADBAC Air Concentrations Used In Household 
Humidifiers. Report to Lonza, Inc. April 12, 2007.

87 Bestari KT, Solomon KR, Cahill S. 2007. Wipe Study to Define Dislodgeable Residues in Wood Pressure
treated with an ACQ Type C Formulation (Outdoor Study). Report to Chemical Specialties, Inc. and Timber 
Specialties, Co. March 23, 2007.

86 Bestari KT, Solomon KR, Cahill S. 2006. ADMIRE 240F - Determination of Dermal and Inhalation Exposure of 
Workers during On-Farm Seed Piece Treatment of Potatoes. Report to Bayer CropScience. May 17, 2006.

85 Bestari KT, Solomon KR, Rietzma T, Henriquez N. 2006. Determination of Dislodgeable Carboquat residues 
from Heartwood Boards Pressure treated with an Ammoniacal Copper Quat (ACQ) Formulation (Outdoor 
Study). Report to Lonza Inc. March 28, 2006
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84 Bestari KT, Solomon KR, Rietzma T. 2006. Determination of Disiodgeabie Carboquat residues from Sapwood 
Boards Pressure treated with an Ammoniacal Copper Quat (ACQ) Formulation (Outdoor Study). Report to 
Lonza Inc. February 16, 2006.

83 Bestari KT, Solomon KR, Rietzma T. 2006. Determination of Disiodgeabie Bifenthrin Residues from Bifenthrin- 
Impregnated Plastic Films. Report to FMC Corp. January 30, 2006

82 Bestari KT, Solomon KR, Henriquez N. 2005. Analysis of Disiodgeabie ADBAC Residues from Wooden Boards 
Treated with ACQ-C. Report to Lonza Inc. December 19, 2005.

81 Bestari KT, Solomon KR, Henriquez N. 2005. Analysis of Disiodgeabie Carbo NT (Carboquat) Residues from 
Wooden Boards Treated with ACQ-D. Report to Lonza Inc. November 29, 2005.

80 Bestari KT, Solomon KR, Rietzma T. 2005. Comparison of Disiodgeabie Residues from Carboquat Pressure 
Treated Lumber Using Hand Rubbing Versus Rubbing with Wet and Dry Polyester Wipes. Report to Lonza 
Inc. July 25, 2005.

79 CICAD/OAS. 2005. The Toxicology of Selected Chemicals Used in the Production and Refining of Cocaine and 
Heroin: A Tier-two Assessment. Washington, DC, USA: CICAD, Organization of American States. 
OAS/CICAD 2005-01, July 31, 2005. x + 35 + 427 p (Editor). http://www.cicad.oas.org/Desarrollo- 
Alternativo/ENG/Proiects%20By%20Country/Colombia/QAS-CICAD-Tier-2-Hazard-Assessment-Julv- 
2005%5B1 %5D.pdf.

78 Bestari KT, Solomon KR, Rietzma T. 2005. Method Development and Validation of Methods to Extract and 
Analyze Carboquat Residues from the Palm of the Human Hand and from Dry and Wet Polyester Wipes. 
Report to Lonza Inc. April 6, 2005.

77 Solomon KR, Anadón A, Cerdeira A, Marshall J, Sanin L-H. 2005. Environmental and human health assessment 
of the aerial spray program for coca and poppy control in Colombia. Washington, DC, USA: Inter-American 
Drug Abuse Control Commission (CICAD) section of the Organization of American States (OAS). 121 p, 
March 31,2005.

76 Bestari KT, Solomon KR, Rietzma T. 2005. Disiodgeabie carboquat residues from ACQ Treated lumber by 
rubbing with dry polyester wipes. Report to Georgia-Pacific. March 15, 2005

75 CICAD/OAS. 2004. The Toxicology of Chemicals Used in the Production and Refining of Cocaine and Heroin: A 
Tier-one Assessment. Washington, DC, USA: CICAD, Organization of American States. OAS/CICAD 2004
01, November 2004. 536 p. (Editor).

74 Bestari KT, Solomon KR, Rietzma T. 2004. Wipe samples of surface disiodgeabie bifenthrin residues from 
plastic sheet. Report to FMC Corp. November 22, 2004.

73 Bestari KT, Solomon KR, Rietzma T. 2004. Method development and determination of disiodgeabie isothiazolin 
derivatives (RH-573 and RH-651) and copper from treated lumber by rubbing with dry polyester wipes. 
Report to Georgia-Pacific. September 21, 2004.

72 Bestari KT, Solomon KR. 2004. Sampling of water used to wash pesticide recycling plastic chips at the
EnviroTech plastics recycling facility in Windsor, Ontario. Report to CropLife Canada. September 8, 2004

71 Bestari KT, Solomon KR, Rietzma T. 2004. Method development and dislodgeability of sample wipe test 
analysis of bifenthrin from treated wood. Report to FMC Corp. July 14, 2004

70 Bestari KT, Solomon KR, Rietzma T. 2004. Method development of DDAC extraction and analysis from fish. 
Report to Lonzagroup (Lonza Inc.). June 1, 2004.

69 Bestari KT, Solomon KR, Henriquez N. 2004. Method development of analysis of carboquat from water and 
sediment (LC-MS). Report to Lonzagroup (Lonza Inc.). May 2004.

68 Bestari KT, Solomon KR, Henriquez N. 2004. Hydrolytic stability of FMB AO-8 (CAS #  2605-78-9) as a function 
of pH (OECD 111). Report to Lonzagroup (Lonza Inc.) through Stantec. GLP (Study # 62773911 -03). April 
20, 2004.

67 Bestari KT, Solomon KR, Henriquez N. 2004. Method development of dislodgeability of carboquat and copper 
from treated lumber using dry polyester wipes. Report to Lonzagroup (Lonza Inc.). February 2004.

66 Ritter L, Arbuckle T, Dawson J, Infante-Rivard C, Solomon KR. 2004. Report of the 2,4-D Science Advisory 
Panel. Report to the PMRA, January 2004.

65 Bestari KT, Solomon KR, Henriquez N. 2003. Method development: Extraction of carboquat from algal culture 
medium. Report to Lonzagroup (Lonza Inc.). December 6, 2003.

64 Bestari KT, Solomon KR, Henriquez N. 2003. Method development: Extraction of carboquat from sediment. 
Report to Lonzagroup (Lonza Inc.). December 6, 2003.

63 Bestari KT, Solomon KR, Henriquez N. 2003. Method development of DDAC extraction and analysis in fruit. 
Report to ICA Laboratories, South Africa, November 6, 2003.

62 Solomon KR, Bestari KT, Henriquez N. 2003. Measurement of 2,4-D in urine of pesticide container collectors. 
Report to CropLife Canada September 16, 2003.

61 Bestari KT, Solomon KR, Henriquez N. 2003. Measurement of pesticide residues in air inside the plant at
Everwood Agricultural Products International Inc. in Tillsonburg, Ontario. Report to CropLife Canada May, 
2003.
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60 Bestari KT, Solomon KR, Henriquez N. 2003. Method development for the extraction and analysis of DDAC as 
low as 1 ppb in water using derlvatization of DDAC with Orange II to form an ion pair. Report to Lonzagroup 
(Lonza Inc.), November 22, 2002.

59 Solomon KR, Tang X, Wilson SR, Zanis P, Alkiviadls F Bais. 2003. Chapter 6: Changes in tropospheric 
composition and air quality due to stratospheric ozone depletion. In: Environmental Effects of Ozone 
Depletion and Its Interactions with Climate Change: 2002 Assessment. United Nations Environmental 
Programme. Nairobi, March 2003.

58 Bestari KT, Solomon KR, Henriquez N. 2002. Third study to determine the effect of dermally administered IPBC 
on serum free iodide levels in human volunteers. Report to Lonzagroup (Lonza Inc.), November 22, 2002.

57 Bestari KT, Solomon KR, Henriquez N. 2002. Method validation: Extraction and quantitation of iodide as the 2- 
iodoethanol derivative in human urine. Report to Lonzagroup (Lonza Inc.), October, 2002.

56 Bestari KT, Solomon KR, Henriquez N. 2002. Method validation: Extraction and quantitation of iodide as the 2- 
iodoethanol derivative in human serum. Report to Lonzagroup (Lonza Inc.), October, 2002.

55 Bestari KT, Solomon KR, Henriquez N. 2002. Study to determine the effect of adding 100 g of iodide to the diet 
of human volunteers on serum free iodide levels. Report to Lonzagroup (Lonza Inc.), October 24 2002.

54 Bestari KT, Solomon KR, Henriquez N. 2002. Determination of the rate and extent of deiodination of IPBC in 
urine of human volunteers. Report to Lonzagroup (Lonza Inc.), September 24 2002.

53 Bestari KT, Solomon KR, Henriquez N. 2002. Determination of the rate and extent of deiodination of IPBC in 
serum of human volunteers. Report to Lonzagroup (Lonza Inc.), September 24 2002.

52 Bestari KT, Solomon KR, Henriquez N. 2002. Determination of the rate and extent of deiodination of IPBC in 
deionized water. Report to Lonzagroup (Lonza Inc.), September 19 2002.

51 Bestari KT, Solomon KR, Henriquez N. 2002. Determination of the effect of dermally administered
IPBC/cyclodextrin complex on serum free iodide levels in human volunteers. Report to Lonzagroup (Lonza 
Inc.), September 6 2002.

50 Bestari KT, Solomon KR, Henriquez N. 2002. Bioavailability of polycyclic aromatic hydrocarbons (PAHs) in soil. 
Report to Dillon Consulting, August 12 2002.

49 Bestari KT, Solomon KR, Henriquez N. 2002. Preliminary study to determine the effect of dermally administered 
IPBC on serum free iodide levels in human volunteers. Report to Lonzagroup (Lonza Inc.), August 9 2002.

48 Solomon KR, 2002. Quality control program for products made from recycled plastic pesticide containers.
Report to Croplife Canada, July 24, 2002.

47 Bestari KT, Solomon KR, Henriquez N. 2001. Preliminary study to determine the effect of dermally administered 
IPBC on serum free iodide levels in human volunteers. Report to Lonzagroup (Lonza Inc.) June 19 2002.

46 Maguire RJ, Sibley PK, Solomon KR, Delorme P. 2001. Pesticides. Chapter 3 (pages 9-12) in Threats to
sources of drinking water and aquatic ecosystem health in Canada. NWRI Scientific Assessment Report 
Series No. 1. National Water Research Institute, Environment Canada, Burlington, ON, 72 p.

45 Bestari KT, Henriquez N, Solomon KR. 2001. Determination of Active Ingredient Transfer Factor for Repel
Essential Aerosol and Pump Spray products to Arms and Legs Under Simulated Use Conditions. Report to 
WPC Brands, November 7 2001.

44 Bestari KT, Henriquez N, Solomon KR. 2001. Method Validation: Extraction and Analysis of Propiconazole in 
Water. Report to Lonzagroup (Lonza Inc.) November 23, 2001

43 Bestari KT, Henriquez N, Solomon KR. 2001. Wood Leaching Screening Study: Determination of the
Leachability of Barlox 12, Barlox 1216, and Barlox 16S from Treated Wood. Report to Lonzagroup (Lonza 
Inc.) September 13, 2001.

42 Bestari KT, Henriquez N, Solomon KR. 2001. Method validation: Extraction and analysis of active ingredients of 
Bardac 2280, Bardac22C, and Bardap 26 in water. Report to Lonzagroup (Lonza Inc.) September 6, 2001.

41 Solomon KR, 2001. Quality control program for products made from recycled plastic pesticide containers.
Report to Croplife Canada, July 24, 2001.

40 Bestari KT, May RD, Nikiforov Al, Solomon KR. 2001. Measurement and assessment of Cltroflex® A-4
migration from a custom molded ball and two commercial toys Into saliva of adult human volunteers. Report 
to Morflex, June 1, 2001.

39 Bestari KT, Henriquez N, Solomon KR. 2001. Determination of the Leachability of Bardac 26 from Treated 
Wood. Report to Lonzagroup (Lonza Inc.), June 1, 2001.

38 Bestari KT, Henriquez N, Solomon KR. 2001. Determination of the Leachability of Bardac 22C from Treated 
Wood. Report to Lonzagroup (Lonza Inc.), June 1, 2001.

37 Bestari KT, Henriquez N, Solomon KR. 2001. Determination of the Leachability of Bardac 2280 from Treated 
Wood. Report to Lonzagroup (Lonza Inc.), June 1,2001.

36 Solomon KR, Bestari J, Nelson H, Anderson K. 2000. Measurement and assessment of pesticide residues in 
condensation from greenhouses in Southern Ontario. OMAFRA Project Report. August 24, 2000. 16 p.
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35 Solomon KR, Bestari KT, Henriquez N. 2000. Measurement and assessment of dermal and inhalation
exposures to 3-iodo-2-propenyl-N-butyl carbamate (IPBC) in a joinery mill. Report to Troy Corporation and 
PPG, May 15 2000. 89 p plus appendices.

34 Solomon KR, 2001. Quality control program for products made from recycled plastic pesticide containers.
Report to Croplife Canada, March 17, 2001.

33 Solomon KR, 2000. Quality control program for products made from recycled plastic pesticide containers.
Report to Croplife Canada, February 26, 2000.

32 Bestari KT, Macey K, Solomon KR, Towner, N. 1999. Measurement and assessment of dermal and inhalation 
exposures to didecyldimethylammonium chloride (DDAC) used in the protection of cut lumber. Report to the 
Antisapstain Industry Consortium, Phase III, October 25, 1999, 136 p plus appendices.

31 Solomon KR, Bestari KT. 1998 Measurements of Pesticide Residues in Air at Everwood Agricultural Products in 
Aylmer, Ontario. Report to the Crop Protection Institute of Canada, September 14, 1998.

30 Macey K, Bestari KT, Solomon KR. 1997. Antisapstain use in British Colubian sawmills, planer mills and
shipping terminals. Report to the Antisapstain Industry Consortium, October 20, 1997, 6 p plus appendices.

29 Bestari KT, France L, Solomon KR. 1997. Measurement and assessment of the toxicological significance of 
dermal exposure to antisapstain products used in the protection of cut lumber: Phase I Bridging Study. 
Report to the Antisapstain Industry Consortium, October 20, 1997. 33 p plus appendices.

28 Bestari KT, France L, Solomon KR. 1997. Measurement and Assessment of the Toxicological Significant of 
Dermal Exposure to Antisapstain Products used in the Protection of Cut Lumber Phase I. Report to the 
Antisapstain Industry Consortium, January 15, 1997.

27 Ritter L, Solomon KR, Forget J, StemeroffM, O'Leary C. 1995. Persistent organic pollutants: A Review of 
Selected Persistent Organic Pollutants. Interorganization Programme for the Sound Management of 
Chemicals (IPCS). UNEP, ILO, FAO, UNIDO and OECD. WHO, Geneva November 1995. 240 p.

26 Ritter L, Solomon KR, Forget J, Stemeroff M, O'Leary C. 1995. Persistent organic pollutants: An assessment
report on aldrin, chlordane, DDT, dieldrln, dioxins and furans, endrin, heptachlor, hexachlorobenzene, mirex, 
polychlorinated biphenyls, and toxaphene. Interorganization Programme for the Sound Management of 
Chemicals. (IPCS) UNEP, ILO, FAO, UNIDO and OECD. WHO, Geneva November 1995. 48 p.

25 Solomon KR, Hale B, Hall JC, Stephenson GR. 1994. A critical review of the proposed guidelines for
registration of chemical pesticides: nontarget plant testing and evaluation. . For Crop Protection Institute of 
Canada. (1994) 23 p

24 Solomon KR, Ritter L, Harris SA. 1994. The measurement of biological and dermal exposure to 2,4-D in
pesticide container collectors and assessment of toxicological significance. . For Crop Protection Institute of 
Canada. (1994) 24 p plus appendices.

23 A review and assessment of the ecological risks associated with the use of chlorine dioxide for the bleaching of 
pulp. 1993. Prepared for the Association for Environmental Technology by a scientific advisory board.
Keith Solomon, Harold Bergman, Robert Huggett, Donald Mackay and Bruce McKague. Association for 
Environmental Technology, Erin ON. (1993).

22 Preliminary review of the U.S. EPA standards for the use and disposal of sewage sludge final rule document.
1993. Prepared for Agriculture Canada. Prepared by G. Farquhar, L. Haworth, J.H. Shortreed, K. Solomon, 
L. Crag and D. Del Bel Belluz. Institute for Risk Research University of Waterloo, Waterloo, Ontario. (1993).

21 Critical assessment of the discussion document on the registration status of fenitrothion insecticide. Agriculture 
Canada D93-01. Prepared for the Forest Pest Management Caucus, with G.A. Surgeoner, June 1993.

20 Canadian Network Of Toxicology Centres: Réseau Canadien Des Centres De Toxicologie. Research Planning 
Document April 19, 1993

19 Report of the research planning and priority setting workshop on quantitative (probabilistic) risk assessment. 
Delta Meadowvale Inn, Mississauga, Ontario, February 7-9, 1993

18 Report of the research planning and priority setting workshop on mining and metallurgy. Delta Meadowvale Inn, 
Mississauga, January 17 to 21, 1993

17 Report of the research planning and priority setting workshop on pulp and paper. Cranberry inn, Collingwood, 
December 11 to 14, 1992

16 Mycotoxin Program Review Ontario Ministry of Agriculture and Food, Agricultural and Food Laboratory Services 
Branch. Report of a Workshop Held on December 7-8, 1992 at the College Inn, Guelph, Ontario

15 Report of the research planning and priority setting workshop on agroecosystems Cranberry Inn, Collingwood, 
October 31 to November 3, 1992

14 Report of the research planning and priority setting workshop on agroecosystems. Cranberry Inn, Collingwood, 
October 31 to November 3, 1992

13 Assessment of the environmental impact of fenitrothion in forest environments in Canada. March, 1992. with 
Rob Currie, Richard Frank, Michael Hooper, and Gord Surgeoner.

12 Toxicology Education in Canada. 1990. Associate Committee on Toxicology, National Research Council of 
Canada, Ottawa (1990)
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11 Summary evaluation of the potential environmental hazard of anti-sapstain chemicals. 1990. Report to the B.C. 
Stakeholder Forum on Sapstain Control.

10 Possible Hazards Associated with Recycling of Metal Pesticide Containers: A Background Document on the
Establishment of an Interim Maximum Allowable Concentration. 1990. Report to the Alberta Special Waste 
Management Corporation. With: Drs B. Schieferand D. Irvine.

9 Evaluation of procedures for the disposal, recycling and handling of pesticide containers. 1989. Report to the 
Crop Protection Institute of Canada.

8 Panel Report on Carcinogenicity of 2,4-D. Prepared for the Ontario Pesticide Advisory Committee of the Ontario 
Ministry of the Environment. With: K. Crump, R. Squire, A. Miller, I.C. Munro and M.V. Anders, March, 1987 

7 The Toxicology and Carcinogenic Potential of 3-amino-1,2,4-triazole: A review of the scientific literature.
Prepared for the Ontario Pesticides Advisory Committee. With D. Thompson and G.R. Stephenson, 1985.

6 Dichloraniline based herbicides: Their contaminants, toxicology and carcinogenic potential. Prepared for the 
Ontario Pesticides Advisory Committee. With: D. Thompson and G.R. Stephenson, 1985 

5 Acaricide Resistance in Ticks. A position paper prepared for the WHO Expert Committee on Resistance of 
Vectors and Reservoirs of Disease to Pesticides. May, 1985.

4 Proposal for the Development of the Canadian Centre for Toxicology. Proposal prepared for the Governments of 
Ontario and Canada. With: I.C. Munro, F.L. McEwen, March, 1985.

3 Pyrethroids: Their effects on aquatic and terrestrial ecosystems. National Research Council of Canada,
Associate Committee on Scientific Criteria for Environmental Quality. NRCC No. 24376. Ottawa, 1986. 
With: Atkins L, Ruzo L, Coats JR, Plowright CJ, Roberts R.

2 Formaldehyde Risk Assessment. Report to the Ontario Ministry of Labour. With: Munro IC, Golberg L, Farber 
E, January, 1985.

1 Agricultural Chemicals and Farm Health and Safety. Canadian Centre for Toxicology report to the Ontario Task 
Force on Health and Safety in Agriculture. With: IC Munro, J Clarke and D Muir, December, 1984.

18 PAPERS PRESENTED AT SCIENTIFIC MEETINGS (last 3 y ea rs only)
1102 Solomon KR. 2015. Weighing scientific evidence in risk assessment for pesticides: An example with atrazine. 

LAPRW Santiago Chile 2015 05 13. Invited Platform.
1101 Solomon KR, Bridges J. 2015. Problem Formulation for Risk-Based Ecological Assessments. SETAC Meeting, 

Barcelona, 2015 05 04, Invited Platform.
1100 Baxter L, Brain RA, Hosmer A, Solomon KR, Hanson ML. 2015. Exposure of Yellow Spotted Salamander

(A m b y s to m a  m a c u la tu m ) Egg Masses to a PSII Inhibitor. SETAC Meeting, Barcelona, 2015 05 04 Poster 
1099 Matthies M, Solomon KR, Vighi M, Gilman A, Tarazona JV. 2015. On the origin of the criteria for PBT and 

POP assessment and the evolution of cut-off values. SETAC Meeting, Barcelona, 2015 05 04 Poster 
1098 Solomon KR. 2014. Handling of Mixtures in the Environment and Ecological Implications American Chemical 

Society/IUPAC Meeting, San Francisco 2014 98 10 Invited Platform 
1097 Solomon KR. 2014. Measuring and Modeling Pesticide Fate in Soil, Water, and Atmosphere at Micro- to

Macro-Scales. American Chemical Society/IUPAC Meeting, San Francisco 2014 98 10 Invited Platform 
1096 Solomon KR, Giesy JP, Mackay D Anderson J. 2014. Bioaccumulation Risk Assessment: Problems and 

Possibilities. American Chemical Society/IUPAC Meeting, San Francisco 2014 98 10 Invited Platform 
1095 Solomon KR. 2014. Arriving at the truth: Weight of evidence for assessing risks of chemicals. 23rd IUPAC 

International Conference on Chemistry Education, Toronto, ON, 2014 07 14. Invited Platform.
1094 Solomon KR. 2014. Weight of evidence (WoE) for PBT/ POP assessment. Japan Expert Workshop, Silicone 

Industry Association. Tokyo, 2014 07 02. Invited Platform.
1093 Solomon KR. 2014. Environmental exposure to chemicals: Pathways and importance to assessing risks from 

chemicals. ICCA-LRI & JRC Workshop, Lugano, CF 2014 06 16. Invited Platform.
1092 Solomon KR. 2014. Molecular structures and toxicology, the search for green poisons. Next Steps in Green 

Chemistry Research. A Workshop by the Green Chemistry Initiative, University of Toronto. 2014 05 22. 
Invited Platform.

1091 Rodriguez-Gil JL, Brain RA, Ruffell S, McConkey B, Solomon KR, Hanson ML 2014. Culturing conditions for 
toxicity testing with O o p h ila  sp., an amphibian symbiont. SETAC Meeting in Basel, CF. 2014 05 14.
Poster

1090 Rodriguez-Gil JL, Llssemore L, Hanson ML, Solomon KR. 2014. Community responses to the interactive effect 
of surfactant exposure and water depth in a microcosm set-up. SETAC Meeting in Basel, CF. 2014 05 14. 
Platform

1089 Solomon KR, Giesy JP, Mackay D, Anderson J, Poletika, N. 2014. PBT classification under EC 1107/2009:
Practical issues and a case example of chlorpyrifos. SETAC Meeting in Basel, CF. 2014 05 14. Platform.
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1088 Solomon KR, Van der Kraak, G, Hanson, ML, Kloas W, Hosmer A. 2014. Use of weight of evidence for
characterizing adverse outcome pathways in risk assessment. SETAC Meeting in Basel, CF. 2014 05 12. 
Platform.

1087 Solomon K R. 2014. Use of weight of evidence for characterizing adverse outcome pathways in risk
assessment. SETAC FTM on Endocrine Disrupting Chemical Testing, Risk Assessment Approaches and 
Implications, RTP, NC. 2014 02 05. Invited Platform

1086 Solomon K R. 2014. Arriving at the truth: Weight of evidence for assessing risks of agrochemicals. ACS 
Webinar 2014 02 02.

1085 Solomon KR, 2013. Classification of plant protection products as PBTs, is there a role for science? Fresenius 
Conference, Cologne, Germany, December 12 2013. Platform.

1084 Solomon KR, 2013. Ecotoxicological risk characterization. Lecture at the Univerisdad de Costa Rica, San 
Jose, Costa Rica December 04 2013. Platform.

1083 Solomon KR, 2013. Ecotoxicological risk characterization. Lecture at the Univerisdad de Molina, Lima, Peru 
November 25 2013. Platform.

1082 Rodriguez-Gil JL, Ross A, Sibley P, Hanson ML Solomon KR. 2013. Environmental fate of a POEA
surfactant. Effect of sediment organic matter and water depth. SETAC NA Meeting, Nashville November 20 
2013. Poster

1081 Baxter LR, Brain RA, Prosser RS, Solomon KR, Hanson ML. 2013 Sensitivity of an alga to atrazine is not 
enhanced by previous acute exposure. SETAC NA Meeting, Nashville November 20 2013. Platform.

1080 Solomon KR. 2013. Assessment of risks in the jungle: Case example of the use of herbicide to control coca. 
SETAC NA Meeting, Nashville November 20 2013. Platform.

1079 Morris AD, Muir DC, Solomon KR, Teixeira C, Duric M. 2013. Current use pesticide and polybrominated 
diphenyl ether bioaccumulation in a Canadian Arctic vegetation-caribou-wolf food chain. SETAC NA 
Meeting, Nashville November 20 2013. Platform.

1078 Van der Kraak GJ, Hanson ML, Hosmer A, Kloas W, Solomon KR. 2013. A quantitative approach to weight of 
evidence in ecotoxicological risk assessment. SETAC NA Meeting, Nashville November 20 2013.
Platform.

1077 Solomon K R. Arriving at the tru th : Weight of evidence for assessing risks of agrochem icals. Stirling B Hendricks 
Memorial Lecture. ACS Meeting, Indianapolis September 09 2013. Invited Platform.

1076 Solomon KR, Wilks M, Moretto A, Boobis A, Philips R, Pastoor T, Embry M. 2013. Cumulative risk
assessment for human health: asking the right questions. ACS Meeting, Indianapolis September 09 2013. 
Invited Platform.

1075 Solomon KR, Williams WM, Mackay D, Purdy J, Giddings JM, GiesyJP. 2013. Properties and uses of 
chlorpyrifos in the United States. ACS Meeting, Indianapolis September 09 2013. Invited Platform.

1074 Mackay D, Giesy JP, Solomon KR. 2013. Towards a model of the environmental fate and long-range
atmospheric transport of chlorpyrifos and its oxon. ACS Meeting, Indianapolis September 09 2013. Invited 
Platform.

1073 Moore DR, Teed RS, Solomon KR, Giesy JP. 2013. Refined avian risk assessment for agricultural uses of 
granular chlorpyrifos in the United States. ACS Meeting, Indianapolis September 09 2013. Invited 
Platform.

1072 Moore DR, Teed RS, Solomon KR, Giesy JP. 2013. Refined avian risk assessment for agricultural uses of 
flowable chlorpyrifos in the United States. ACS Meeting, Indianapolis September 09 2013. Invited 
Platform.

1071 Williams WM, Giddings JM, Purdy J, Solomon KR, Giesy JP. 2013. Exposures to aquatic organisms from the 
use of chlorpyrifos in North America. ACS Meeting, Indianapolis September 09 2013. Invited Platform.

1071 Giddings JM, Williams WM, Giesy JP, Solomon KR. 2013. Risks to aquatic organisms from the use of 
chlorpyrifos in North America. ACS Meeting, Indianapolis September 09 2013. Invited Platform

1070 Purdy J, Cutler GC, Giesy JP, Solomon KR. 2013. Ecological risk assessment for chlorpyrifos in terrestrial
systems in North America -  the conceptual model for pollinators. ACS Meeting, Indianapolis September 09 
2013. Invited Platform.

1069 Cutler GC, Purdy J, Giesy JP, Solomon KR. 2013. Risks of chlorpyrifos to pollinators: Risk assessment. ACS 
Meeting, Indianapolis September 09 2013. Invited Platform.

1068 Giesy J P ,  Cutler GC, Giddings JM, Mckay D, Moore D, Williams WM, Purdy J, Solomon KR. 2013. Ecological 
tisk assessment for chlorpyrifos in terrestrial and aquatic systems in North America-overview and 
conclusions. ACS Meeting, Indianapolis September 09 2013. Invited Platform.

1067 Solomon K, Poletika N, Anderson J, Giesy J 2013. Pesticides as POPs and PBTs: An assessment of 
chlorpyrifos. ACS Meeting, Indianapolis September 09 2013. Invited Platform.

1066 Prosser R, Brain R, Hosmer A, Solomon K, Hanson, M. 2013. Field-derived periphyton communities recover 
from an acute herbicide exposure. SETAC EU Meeting, May 11, 2013, Glasgow. Poster
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1065 Solomon K. 2013. The environmental chemistry of single malt: from H o rd e u m  v u lg a re  to the turbinates. 
SETAC EU Meeting, May 11,2013, Glasgow. Invited Platform.

1064 Solomon K. 2013. POPs: Have we achieved our objectives and where do we go from here? SETAC EU 
Meeting, May 11,2013, Glasgow. Invited Platform.

1063 Brain R, Andrus M, Prosser R, Hanson M, Hosmer A, Solomon K. 2013. Lines of evidence for establishing an 
aquatic level of concern for the herbicide atrazlne in North American surface waters. SETAC EU Meeting, 
May 11, 2013, Glasgow. Platform.

1062 de Jourdan B, Hanson M, Solomon K, Muir D. 2013. The bioaccumulation, environmental persistence, and
degradation of severalthree novel bromlnated flame retardants In aquatic mesocosms. SETAC EU Meeting, 
May 11, 2013, Glasgow. Platform.

1061 Solomon KR. 2013. Background and history of bioaccumulation criteria. ECHAWorshop, March 11, 2013, 
Helsinki. Platform Invited.

1060 Solomon KR. 2012. Background and current requirements for groundwater (Res. 2115). CLLAWorshop, 
December 4, 2012, Bogota. Platform Invited.

1059 Solomon KR. 2012. Toxicological risk assessment of pesticides: General scientific concepts. CLLAWorshop, 
December 4, 2012, Bogota. Platform Invited.

1058 Solomon KR. 2012. Effects at realistic exposures, weight of evidence, and implications for environmental risk 
assessment. 12th International Fresenius ECOTOX Conference, Mainz, November 27, 2012. Platform 
Invited.

1057 Solomon KR, Wilks MF. 2012. Problem formulation for risk assessment of combined exposures to chemicals 
and other stressors. 12lh International Fresenius ECOTOX Conference, Mainz, November 26, 2012. 
Platform Invited.

1056 Sousa Oliveira V, Hanson M, Solomon K, Bestari K, Lima J. 2012. The response of three macrophytes to 
fomesafen and thiamethoxam in microcosms: The benefits of testing multiple species simultaneously. 
SETAC NA Meeting, Long Beach, CA. November 2012. Poster.

1055 Prosser R, Brain, R, Hosmer, A, Hanson, M. Use of PAM fluorometry in assessing field-derived periphyton 
community sensitivity to, and recovery from, herbicide exposure. SETAC NA Meeting, Long Beach, CA. 
November 2012. Poster.

1054 Van der Kraak Hanson ML, Hosmer A, Kloas W, Solomon KR. 2012. A methodological approach to weight of 
evidence In ecotoxicological risk assessment. SETAC NA Meeting, Long Beach, CA. November 2012. 
Platform.

1053 Solomon KR, Matthies, M, Vlghi, M. 2012. Assessment of PBTs in the EU: A critical review and proposed 
evaluation scheme with reference to plant protection products. SETAC NA Meeting, Long Beach, CA. 
November 2012. Platform.

1052 Solomon KR, Hall JC. 2012. Fifty years of POPs: Have we achieved our objectives? SETAC NA Meeting, 
Long Beach, CA. November 2012. Platform.

1051 Leelacho S, Solomon KR, Hall JC. 2012. Phytoremediation of atrazine-contamlnated water by expression of 
anti-atrazine antibody fragment (scFv) in duckweed ( L e m n a  m in o r ) . SETAC NA Meeting, Long Beach, CA. 
November 2012. Invited Platform.

1050 Solomon KR. 2012. Frameworks for Risk Assessment: Global to Local. LATARP Workshop, Buenos Aires, 
October 10, 2012. Platform.

1049 Solomon KR. 2012. POPs on the cusp: The case of endosulfan. ACS Meeting, Philadelphia, PA, July 25, 
2012. Invited Platform.

1048 Solomon KR, Matthies M, Vighi M. 2012. Assessment of PBTs in the EU: A critical review and proposed
evaluation scheme with reference to plant protection products. SETAC Meeting, Berlin, Germany, 2012 05 
21. Poster.

19 SHORT COURSES (last 3 years only)
Overview of the Regulatory Risk Assessment Frameworks. IUPAC Ecological Risk Assessment Workshop,
Santiago, Chile; 2015 05 9-10.
Overview of International Testing Requirements. IUPAC Ecological Risk Assessment Workshop, Santiago,
Chile; 2015 05 9-10.
Exposure Assessment. IUPAC Ecological Risk Assessment Workshop, Santiago, Chile; 2015 05 9-10.
Ecotoxicology and Ecological Risk Assessment. Advanced Principles of Toxicology. Course at University of
Guelph, 2014 04 08-09, 1.5 days of lectures.
Three-day short course on Risk Assessment for Pesticides. Dow AgroSciences, Zlonsville, IN. 2013 09 15-18.
Ecotoxicology and Ecological Risk Assessment. Advanced Principles of Toxicology. Course at University of
Guelph. 2013 05 08-09, 1.5 days of lectures.
Ecotoxicology and Ecological Risk Assessment. Advanced Principles of Toxicology. Course at University of
Guelph. 2012 05 10-11, 1.5 days of lectures.
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20 GUEST LECTURES AND EXTENSION TALKS (last 3 years only)
Solomon KR. 2014. Cumulative risk assessment for human health: Asking the right questions. Invited lecture at 

Baylor University, Waco, Texas. March 28, 2014
Solomon KR. 2014. Pesticides: Weighing the Risks. Guest lecture in Turf Managers course, University of 

Guelph. January 2014
Solomon KR. 2013. Pesticides: Weighing the Risks. Guest lecture in Turf Managers course, University of 

Guelph. January 2013
Solomon KR. 2013. Ecotoxicological Risk Assessment. Three guest lectures in STAT3510, University of 

Guelph. January 2013.
Solomon KR. 2012. Risk assessment of pesticides. CropLife Latin America. Bogota 2012 12 04-06

21 PAPERS PRESENTED AT PUBLIC MEETINGS (last 3 years only)
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ACADEMIC CAREER - UNIVERSITY OF BIRMINGHAM

Research Assistant: Department of Social Medicine, (Cancer Registry), 1971-1974

1 commenced my career in epidem iology as a research assistant to Dr. Pat Prior. I worked on a 
number o f  cohort studies relating to multiple primary tumours and cancers follow ing chronic 
disease.

Research Associate: Department of Social Medicine, (Cancer Registry), 1974-1981

I developed a particular interest in epidem iological m ethodology as applied to the detection o f  
cancer hazards in industry, writing a Ph.D. thesis on this topic. 1 enlarged an existing study o f  
some 200 cadmium workers from a local nickel-cadmium battery factory into a full-scale cohort 
mortality study o f  some 3,000 current and ex-em ployees from the same factory. This study has 
played a prominent role in the debate on the carcinogenicity o f  cadmium in humans. Other 
projects included a cohort mortality study o f  workers employed in a factory manufacturing 
chlorinated toluenes, the generation o f  data in the form o f  industrial cohorts by means o f  a 
computer programme, and analyses o f  cancer incidence data from 'Cancer Incidence in Five 
Continents'.

Research Fellow : Department of Social Medicine, (Cancer Epidemiology Research Unit),
1981-1991

Projects included the developm ent o f  a series o f  occupational cohort studies, and in particular 
studies o f  -

(1) nickel-cadmium battery workers,
(2) workers employed in a factory manufacturing chlorinated toluenes,
(3) semiconductor workers,
(4) rubber workers,
(5) nickel/chrome platers
(6) steel foundry workers,
(7) chemical production workers, and
(8) workers em ployed in the manufacture o f  polyurethane foam.

Other occupational studies included the analysis o f  cancer registry data, both in tenns o f  the 
recorded occupations o f  cancer patients and those o f  their spouses. Concurrently, I developed a 
number o f  case-control studies investigating possible associations between -
(1) melanoma and exposure to fluorescent lighting,
(2) urothelial cancer and the use o f  dyed maggots by anglers, and
(3) salivary gland tumours and prior dental radiography.
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Studies on ionising radiation included the early work on cancer among participants in the U.K. 
nuclear weapon tests in the Pacific, further analyses o f  the mortality experience o f  British radium 
luminisers, selection effects in Japanese A-bomb survivors, and reanalysis o f  the large cohort 
mortality studies o f  US radiation workers.

Senior Research Fellow: Department of Public Health and Epidemiology, (Cancer 
Epidemiology Research Unit), 1991-93

I became the Director o f  the Cancer Epidem iology Research Unit in October, 1991. My prime 
objective for C.E.R.U. was to maintain and improve its position regarding high quality research 
output as judged both by International standing and publications in peer-reviewed scientific 
journals. Important new' work wras carried out into the aetiology o f  m oles, parental smoking and 
childhood cancer, paternal exposure to ionising radiation and childhood cancer, and cancer 
among workers engaged in the manufacture o f  flexible foam.

Senior Lecturer: Institute of Occupational Health, 1993-97

I joined the 10H in December, 1993. My responsibilities included the design and delivery o f  the 
epidem iology module on the taught M.Med. Sc. programme, the supervision o f  staff registered 
for postgraduate degrees, oversight o f  on-going epidem iology projects and development o f  my 
own research programme. The latter included work on cadmium exposure and lung cancer, 
chrome exposure and lung cancer, paternal exposure to ionising radiation and childhood cancer, 
and m ethodology concerning misclassification o f exposure.

Reader in Occupational Epidemiology: Institute of Occupational Health, 1997-2000

N ew  research projects included studies o f  lung cancer in carbon black workers, lung cancer in a 
recently re-discovered cohort o f  chrome platers, bladder cancer in workers exposed to 2- 
mercaptobenzothiazole (M BT), cancer in the offspring o f  sew ing machinists and other 
occupations attracting exposures to electromagnetic fields (EMF), and leukaemia risks and EME 
exposures in a cohort o f  electricity production workers. The feasibility o f  carrying out a cancer 
mortality study in the European titanium dioxide industry was examined and funding was 
secured for a European case-control study into brain cancer risks in relation to the use o f  mobile 
telephones.

Professor of Occupational Epidemiology: Institute of Occupational Health, 2000-present

N ew  research projects included risks o f  respiratory cancer in relation to nickel exposure, 
analyses o f  brain tumour risks and cardiovascular disease risks in relation to magnetic field 
exposure (electricity production workers), and leukaemia risks in relation to benzene exposure 
(petroleum industry).
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TEACHING EXPERIENCE

(1) Medical Statistics and Epidemiological Methods

I have taught introductory courses on statistics and epidem iological methods to medical 
students. The latter course included the follow ing topics: comparative trials, evaluation o f  
screening, cause and effect, standardisation and life tables.

(2) Projects and Theses

I have supervised medical students working on individual essay
projects in epidem iology and public health, and postgraduate students
working on M.Sc. and Ph.D. dissertations. I am the departmental tutor for post graduate
studies.

(3) M.Sc. Programme

I was the module tutor from 1997-2010 for a course o f  lectures and tutorials on statistics and 
occupational epidem iology, delivered as part o f  the taught M .Sc. programme in Occupational 
Health. In that period, I also provided an introductory lecture on epidem iology to M .Sc 
T oxicology students and a lecture on advanced methodological topics to M.P.H. students from 
the Department o f  Public Health and Epidemiology.
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FUNDED RESEARCH PROGRAMME (1985 - 2012)

1. IDENTIFICATION AND QUANTIFICATION OF OCCUPATIONAU 
CANCER HAZARDS

1.1 Cancer Mortality among a Cohort of Nickel/Chromium Platers.

Sponsor: The Colt Foundation 

Award: £4,550

1.2 Cancer Mortality in the British Rubber Industry.

Sponsor: The British Rubber Manufacturers' Association  

Award: £38,500

1.3 An Investigation into the Mortality and Cancer Morbidity of Production Workers in 
the U.K. Flexible Polyurethane Foam Industry.

Sponsor: The International Isocyanates Institute Inc.

Award: £51,200

1.4 Cancer Mortality among a Cohort of U.K. Steel Foundry Workers.

Sponsor: The Colt Foundation 

Award: £11,100

1.5 Epidemiology at Monsanto, Ruabon.

Sponsor: Monsanto pic 

Award: £16,960
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1.6 Cancer Mortality and Morbidity among Semiconductor Workers.

Sponsor: Lucas Industries pic 

Award: £5,000

1.7 International Collaborative Case-Control Study on Cadmium and Cancer.

Sponsor: International Lead Zinc Research Organisation (ILZRO)

Award: £98,791

1.8 Cancer mortality among U.K. steel foundry workers.

Sponsor: Health and Safety Executive 

Award: £12,555

1.9 Parental exposure to ionising radiation and childhood cancer: 
linkage study.

Sponsor: Department o f  Health.

Award: £65,183

1.10 A regional case-control study into the aetiology of urothelial tumours.

Sponsor: Health and Safety Executive.

Award: £86,057

1.11 Epidemiology at Monsanto, Ruabon: an update.

Sponsor: Monsanto pic 

Award: £34,021
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1.12 Titanium dioxide and respiratory cancer: a feasibility study.

Sponsor: Titanium Dioxide Manufacturing Association  

Award: £34,150

1.13 Leukaemia risks in relation to EMF exposure.

Sponsor: Electricity Association  

Award: £150,000

1.14 Lung cancer risks in relation to carbon black exposure.

Sponsor: International Carbon Black Association (ICBA)

Award: £130,013

1.15 Maintenance of cohorts of oil refinery and distribution workers.

Sponsor: Institute o f  Petroleum  

Award: £68,622

1.16 Maternal occupational exposure to electromagnetic fields in relation 
to risks of childhood cancer.

Sponsor: Health and Safety Executive

Award: £27,489

1.17 Mortality and cancer morbidity of production workers in the UK flexible 
polyurethane foam industry: an updated analysis.

Sponsor: International Isocyanates Institute

Award: £53,189
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1.18 Mortality of nickel refinery workers.

Sponsor: INCO Ltd and Special Metals Ltd 
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ORGANISATION OF MEETINGS

International Conference: Ionising Radiation and Cancer Epidemiology 

University of Birmingham, July 12th-13th, 1989

1 organised the above meeting, attended by some 180 delegates from seventeen countries, as a 
forum for radiation epidemiologists concerned with studies related to medical exposures, the 
Japanese A-bomb survivors, occupational exposures, and the consequences of releases of 
radioactive materials into the environment.

Guidelines for how the conference was organised included the following: (1) all papers to be 
given in plenary sessions, (2) no poster papers, (3) open call for papers (no invited papers), (4) 
all papers allocated twenty minutes, (5) no sponsorship of speakers, (6) unified artwork for all 
conference publicity, brochures and documentation, and (7) a modest conference fee.

Leukaemia Risks in Relation to Benzene Exposure 

Institute of Petroleum, London, 22nd October, 2002.

I organised the above one-day workshop attended by 45 delegates from the UK, USA, Holland, 
Australia, France and Germany, as a forum for epidemiologists to present recent findings from a 
number of cohort studies involving benzene exposure. A meeting report comprising the eight 
original scientific presentations and closing remarks by Sir Richard Doll has been published by 
the Institute of Petroleum.
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WORKING PARTIES AND OTHER GROUPS

1. Invited Observer at the International Agency for Research on Cancer (IARC) for Evaluation 
carried out for Vol 58 of IARC Monographs. Lyon, 1992.

2. Member of the Task Group to finalise the monograph 'Environmental 
Health Criteria 202: Selected Non-hetcrocyclic Polycyclic Aromatic 
Hydrocarbons', carried out as part of the WHO's International Programme 
on Chemical Safety. Hannover, 1995. Monograph published by WHO,
Geneva, 1998.

3. Member of WHO Consultation Meeting: Strengthening of health 
surveillance of working populations. Geneva, 1998.

4. Member of Advisory Group on Ionising Radiation.
National Radiological Protection Board, UK. 1998-2000.

5. Member of the International Agency for Research on Cancer (IARC) Working Group for 
Vol 87 of the IARC Monographs on inorganic and organic lead compounds (the Working 
Group met in 2004 and the Monograph was published in 2006).

6. Member of the International Agency for Research on Cancer (IARC) Working Group for 
Vol 99 of the IARC Monographs on aromatic amines (the Working Group met in 2007 and 
the Monograph was published in 2010).
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CURRICULUM VITAE

Douglas L. Weed, M.D., M.P.H., Ph.D.

Fax:
Email: douglaslwee

Education:

1982 -  Ph.D., Epidemiology, University of North Carolina

1980 -  M.P.EI., Epidemiology, University of North Carolina

1977 -  M.D., The Ohio State University

1974 -  B.Sc., Engineering, summa cum laude, The Ohio State University

Experience:

Dr. Weed is an independent scientific consultant. He is a physician-epidemiologist with 30 years 
of experience in epidemiological research and research training. Dr. Weed is an internationally 
recognized scholar and educator in causation, causal inference, and the ethics of epidemiology. 
He has extensive experience in the methods of general causation, cancer causation, systematic 
reviews, and weight-of-evidence methods. He holds an academic appointment— adjunct full 
professor— at the University of Utah School of Medicine. He co-chaired the National Academy 
of Sciences Committee on the 10lh anniversity of the U.S. Supreme Court’s Daubert decision and 
was a Visiting Scholar at the Federal Judicial Center (Washington, DC). He maintains an active 
research program in scientific methods, nutritional epidemiology, occupational epidemiology, 
and the ethics o f research. Recent invited lectures include: American Association for the 
Advancement of Science, at the World Congress of Epidemiology, and at the National Cancer 
Institute’s Summer Course in Cancer Prevention and Control. Dr. Weed is the Reviews Editor 
for the Journal of the National Cancer Institute and formerly an Associate Editor at the American 
Journal of Epidemiology.

Dr. Weed is the founder of DLW Consulting Services, LLC. This scientific consulting company 
provides expertise in disease causation, the methods of causal inference, weight of evidence 
methods, epidemiological and clinical research methods, and the ethics of epidemiology and 
public health. DLW Consulting Services, LLC specializes in providing expert advice and 
guidance on problems at the interface of science, law, commerce, and public policy. Typical 
projects include expert testimony and consultation in toxic tort litigation, assessments of health 
risks from exposure to chemicals, metals, infectious agents, pharmaceuticals, and medical 
devices, as well as assessments of key methodological and ethical problems lacing stakeholders. 
Examples of such problems include: scientific uncertainty, conflicts of interest, and methods 
used in legal and regulatory contexts to determine general and specific causation.
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Employment:

2008- present Managing Member, DLW Consulting Services, LLC.

2007-2008 Vice President for Epidemiology and Biostatistics, The Weinberg Group, 
Washington DC

1990-2007 Chief, Office o f Preventive Oncology, National Cancer Institute
Director, Cancer Prevention Fellowship Program, Bethesda MD

1982-1989 Senior Staff Fellow, Biometry Branch, National Cancer Institute

1978-1982 Public Health Service Trainee, Department of Epidemiology, University of 
North Carolina, Chapel Hill, NC.

1978 Research Associate, Environmental Protection Agency, Chapel Hill, NC.

1977 Medical Intern, N. Carolina Memorial Hospital, Chapel Hill, NC.

Professional and Scientific Organizations:

American College o f Epidemiology (Fellow)
International Epidemiological Association (Past Member)
Kennedy Institute of Ethics (Member)
Society for Epidemiologic Research (Member)

Elected Positions:

Board of Directors, American College o f Epidemiology, 1998-2001 
Executive Committee, Society for Epidemiologic Research, 1996-1999

Editorial Positions:

Associate Editor, Journal of the National Cancer Institute, 1994-present 
Reviews Editor, Journal of the National Cancer Institute, 1995-present 
Associate Editor, American Journal of Epidemiology, 1997-2013 
Editor-in-Chief, NCI Division o f Cancer Prevention Newsletter, 1999-2002

Reviewer:

American Family Physician 
American Journal of Clinical Nutrition 
American Journal of Epidemiology 
American Journal o f Industrial Medicine 
American Journal o f Preventive Medicine
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American Journal of Public Health 
Annals of Epidemiology 
Cancer
Clinical Trials
Critical Reviews in Toxicology 
Emerging Themes in Epidemiology 
Environmental Health Perspectives 
Epidemiologic Reviews 
Epidemiology 
Evidence Based Journal 
Food and Chemical Toxicology 
International Journal of Epidemiology 
Journal of the American Medical Association 
Journal of Clinical Epidemiology 
Journal ofMedical Decision-Making 
Journal of the National Cancer Institute 
Kennedy Institute o f Ethics Journal 
Nutrition and Cancer 
Philosophy and Theory in Biology 
Preventive Medicine
Regulatory Toxicology and Pharmacology 
Social Science and Medicine 
Statistics in Medicine 
Theoretical Medicine and Bioethics 
Toxicology

Faculty Appointments:

Adjunct Professor, 2014-present
Department of Family and Preventive Medicine
Division of Public Health
School of Medicine
University of Utah
Salt Lake City, UT

Adjunct Professor, 2010 - present 
Department of Internal Medicine 
Division of Epidemiology and Biostatistics 
School of Medicine 
University of New Mexico 
Albuquerque, NM

Visiting Scholar, 2006 
Federal Judicial Center 
Washington, D.C.

Visiting Fellow, 2001
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National Cancer Center 
Tokyo,Japan

Visiting Professor (Oncology), 1999 
McGill University and University of Montreal 
Montreal, Quebec, Canada

Visiting Professor (Epidemiology), 1998 
National School of Public Health 
Madrid, Spain

Faculty Affiliate, 2001-2010 
Senior Research Fellow, 1995 -  2001 
Visiting Fellow, 1994-5 
Kennedy Institute of Ethics 
Georgetown University, Washington, D.C.

Faculty member, 1994
Society for Epidemiologic Research
Student Workshop on Epidemiologic Methods, Miami, FL

Adjunct Associate Professor, 1994 - 2010 
Department of Preventive Medicine and Biometrics
F. Edward Hebert School of Medicine 
Uniformed Services University of the Health Sciences 
Bethesda, MD

Associate Faculty, 1989 - 2010 
Department of Epidemiology 
School of Hygiene and Public Health 
Johns Hopkins University, Baltimore, MD

Teaching Assistant and Lecturer (Epidemiology), 1979-80 
University of North Carolina, Chapel Hill, NC

Honors and Awards:

Engineering Honor Scholar 1971-1974 (each year)
Phi Eta Sigma (freshman academic honorary) 1971 
Alpha Epsilon Delta (pre-med academic honorary) 1973 
Tau Beta Pi (engineering academic honorary) 1974 
Phi Kappa Phi (general academic honorary) 1974 
Alpha Omega Alpha (medicine academic honorary) 1977 
Honors in Medicine (clinical) 1977 
Honors in Obstetrics and Gynecology (clinical) 1977 
On-the-Spot Cash Award (NCI): 1999, 2000
Sustained Superior Performance Cash Award (NCI): 1990-1999 (each year)
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Distinguished Alumnus: Ohio State Univ. Preventive Medicine 1994 
NIH Merit Award 1995
Commencement Speaker: USUHS M.P.H. Graduation 1996 
Quality Step Increase (NCI) 1997, 2000
Keynote Speaker: III Congress o f Chilean Society of Epidemiology 1997
Keynote Speaker: Spanish Epidemiologic Society 1998
Advances in Oncology Lecture: McGill University Cancer Center 1999
Samuel C. Harvey Lecture: American Association for Cancer Education 1999
Keynote Speaker: Korean Society for Preventive Medicine 1999
Grand Rounds: Ohio State University Cancer Center 1999
Keynote Speaker: Ethics and Research Integrity Day, University of Alberta, 2000
Keynote Speaker: EPA Conference on Environmental Statistics, 2001
J. Walter Juckett Memorial Lecture, Vermont Cancer Center, 2002
Distinguished Leadership Award, NCI Division of Cancer Prevention, 2002
NIH Merit Award, 2004
Keynote Speaker: Great Lakes Cancer Institute Symposium, 2005 
Keynote Speaker: Turkish Society of Internal Medicine, 2005

Board and Committee Memberships

Member, Selection Committee (for Medical School Applicants), University of Utah 
School of Medicine, 2015 - present

Member, Ethics Committee, American College of Epidemiology, 2014 -  present

Member, Admissions Committee, University of Utah School o f Medicine, 2014 - 2015

Member, Ohio State University College of Public Health Advisory Board 
Columbus, Ohio, 2005 -2 0 1 3

Member, Commission on Forensic Science and Public Policy, American Judicature 
Society, 2005 — 2007

Co-Chair, National Academy of Sciences Committee, 2005 - 2006 
“Alternative Models to the Daubert Criteria’’
Science, Technology, and Law Program, NAS

Chair, Prevention Working Group, 2001-2007 
All-Ireland NCI Cancer Consortium 
National Cancer Institute (NCI)

Chair, Scientific Education Committee, 1989- 2007 
Division o f Cancer Prevention, NCI

Chair, Ethics and Standards of Practice Committee, American College of 
Epidemiology, 1998-2001.
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Member, NIH Committee on Continuing Medical Education (CME), 2000-2005

Cancer Advisory Panel, National Center for Alternative and Complementary Medicine, 
NIH, 1998-2002

World Health Organization Working Group on the Acceptability of Epidemiologic 
Evidence for Health Impact Assessment, 1999.

National Cancer Institute Cancer Training Advisory Committee, 1997-9.

Member, Advisory Committee for the National Center for Training in Cancer Prevention 
and Control, Centers for Disease Control and Prevention, 1995-7.

NIH Epidemiology and Clinical Trials Interest Group, 1985-2000.

NIH Committee on Generic Postdoctoral Research Training, 1994.

NCI Committee on Employee Mentoring, 1994.

Program Planning Committee, American Society of Preventive Oncology, 1991-1993.

American Cancer Society Task Force on Preventive Medicine Training, 1993.

NIH Planning Committee for the Alternative Medicine Technology Assessment 
Meetings, 1993.

ICCCR International Conference on Cancer Prevention. Bethesda, Maryland, February, 
1991. See also: Monographs of the Journal of the National Cancer Institute. NIH 
Publication 91-3227, p. 167, 1992.

American Society o f Preventive Oncology Annual Meeting Symposium on Quality of 
Prevention Research. 1991.

Leader, Roundtable Discussion on Causal Inference. Society for Epidemiologic Research 
Annual Meeting, 1994.

Panel on Philosophy of Science in Epidemiology. Third Brazilian Congress of 
Epidemiology, Salvador, Bahia, Brazil, 1995.

Leader, Roundtable Discussion on Methods and Morals in Epidemiology. Society for 
Epidemiologic Research Annual Meeting, 1995.

NCI Roundtable Discussion on Clinical Trials Auditing, 1995.

Leader, Roundtable Discussion on Preventing Scientific Misconduct. Society for 
Epidemiologic Research Annual Meeting, 1996.
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Education Review Committee, U.T. M.D. Anderson Cancer Center, Cancer Prevention 
and Education Program, 1996-1998.

Member, Ethics and Standards of Practice Committee, American College of 
Epidemiology, 1996-1998.

Research Interests:

Disease causation, cancer epidemiology, prevention and control, causal and preventive 
inference, research synthesis methods (evidentiary methods, meta-analysis, systematic 
reviews, inferential methods, ethical decision-making methods), philosophy of public 
health, ethics of biomedical research, professional ethics, medical humanities, research 
training, science and the law.

Recent Lectures and Invited Seminars

“Best Practices: Interpreting Observational Studies.” University of Alabama, Birmingham. 
July 20, 2015.

“But are you a good epidemiologist?” Society for Epidemiologic Research Graduate Student 
Workshop. Denver, CO. June 16,2015.

“Systematic review and meta-analysis of sugar-sweetened beverages and type 2 diabetes.”
33rd International Symposium on Diabetes and Nutrition. Toronto, Canada. June 11, 2015.

“Comments on Scientific Question #1 on Butyl Benzyl Phthalate (BBP) and USEPA IRIS 
Preliminary Materials.” United States Environmental Protection Agency (USEPA).
Integrated Risk Information System (IRIS) Bimonthly Public Science Meeting. Crystal City, 
VA. February 26, 2015.

“Meta-Analyses of Observational Studies.” International Life Sciences (ILSI) Annual 
Conference. Phoenix, AZ, January 19, 2015.

“Causality in Public Health and Preventive Medicine.” Department of Family and Preventive 
Medicine, University of Utah, Salt Lake City, UT, April 18, 2014.

“On the Utility of Criteria-Based Methods of Causal Inference.” Society for Risk Analysis. 
Baltimore, MD, December 9, 2013.

“What Causes Cancer?” Huntsman Cancer Institute. Salt Lake City, UT, November 13, 2013.

“Does Red Meat Cause Colon Cancer?” Center for Advanced Study at the Norwegian 
Academy of Science and Letters. Oslo, Norway, November 6, 2013.
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“Interpreting Scientific Evidence for Cancer Prevention.” National Cancer Institute Summer 
Curriculum on Cancer Prevention and Control. Rockville, MD, July 10, 2014.

“Conflicts of Interest.” University of California, Berkeley. Epidemiology Doctoral Seminar. 
Berkeley, CA, April 10,2013.

“On the Utility of Criteria-Based Methods of Causal Inference.” International Society for 
Environmental Epidemiology. Columbia, SC, August 30, 2012.

“How do we make causal conclusions from the ‘totality of the evidence’ objective and 
observable?” Conference on “Scientific Approaches to Strengthening Research Integrity in 
Nutrition and Energetics” sponsored by the University of Alabama, Birmingham. New Paltz, 
NY, August 2012.

“Standards of Reporting Dietary Supplements Research Studies.” National Institutes of Health 
Office of Dietary Supplements Research Practicum. Bethesda, MD, June 2012.

“Quality of peer-reviewed published reviews: a case study o f sugar-sweetened beverages and 
health outcomes.” Institute of Medicine Food Forum. Washington, DC, September 2011.

“Registration of Epidemiological Studies” Pre-Conference Course on Epidemiological 
Methods, International Epidemiological Association World Congress of Epidemiology. 
Edinburgh, Scotland, August 2011.

“Comments on Weight of Evidence” AAAS Conference, Washington DC, February 2011.

“The Professional Responsibilities of Epidemiologists.” University of California, Berkeley. 
March, 2010.

“Causal Inference in Cancer Epidemiology.” University of California, Berkeley. March,
2010.

“Uncertainty and Weight o f Evidence in Risk Assessment.” ICNIRP Workshop: Evaluation 
and Communication of Scientific Evidence and Uncertainty - Towards a Consistent 
Terminology in Non-ionizing Radiation. Salzburg, Austria, November, 2009.

“Meta-analysis and causal inference: a case study of benzene and non-Hodgkin’s 
lymphoma.” Benzene09, Munich, Germany, September, 2009.

“Biological Mechanism and Causal Inference.” Institute of Medicine, Washington DC,
June 2009.

“A Method for Individual Causation.” University of North Carolina, Chapel Hill, NC,
May 2008, the American Association of Law Schools Conference on Evidence,
Cleveland, Ohio, June 2008, and at Michigan State University, East Lansing, MI,
October, 2009.
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“Weight of Evidence and Uncertainty Assessments” D1A/FDA Workshop on Risks and 
Benefits, Bethesda, MD, November 2009 and ICNIRP/WHO Workshop on Risk 
Assessment and Terminology, Salzburg, Austria, November 2009.

“Cases and Causes” AstraZeneca Wilmington DE, November 2007, and Amgen Inc. 
Thousand Oaks, CA, March 2008.

“Why should epidemiology bridge the science/law “cultural chasm”? North American 
Epidemiology Congress plenary session, Seattle, Washington, June 2006.

“Rethinking Epidemiology” Imperial College (London), Division o f Epidemiology, 
London, England, May 2006.

“Weight of Evidence and General Causation” Science for Judges Program, Brooklyn 
Law School, Brooklyn, NY, March 2006.

“Weight of Evidence: a Review of Concept and Methods.” Society for Risk Analysis, 
Orlando, Florida, December 2005.

“The Future of Cancer Prevention” Keynote Address. Symposium, San Antonio Cancer 
Institute, San Antonio, Texas, November 2004; and Special Lecture at the 250th 
Anniversary of the Meath Hospital, Dublin, Ireland, October 2003.

“The End of Epidemiology” Columbia University, Department of Epidemiology, May 
2004, University of New Mexico, May 2005 and 2010, Imperial College (London) 
Department of Epidemiology and Public Health, December 2005.

“Cancer Prevention in the USA” Xi’an Cancer Hospital, X i’an, China; CICAMS Cancer 
Hospital, Beijing, China, October 2004.

“Biologic plausibility and other challenges to the primary prevention of cancer.” 
American College of Preventive Medicine, Washington DC, February 2005.

“The Future of Cancer Epidemiology.” Michigan State University Department of 
Epidemiology, East Lansing, MI, April 2005, and the University oi New Mexico, 
Department of Family and Community Medicine, Albuquerque, NM, May 2005.

Advisory Positions

American Health Foundation, 1998-1999.
Australian Cancer Society, 1999.
Health and Environmental Sciences Institute, 2004 -  2005. 
International Life Sciences Institute, 2000 -  2003.
World Health Organization, 1999, 2001.
Mead Johnson Nutrition Safety Advisory Panel, 2012 -  present. 
National Science Teachers Association, 2002-2014.
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Brooklyn Law School, 2003, 2006. 

Dissertation and Thesis Committees

Vrije University, Brussels, Belgium (Guido Goelen, M.D., Ph.D), 1999-2001
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Boston, MA, December 1997.

University of Puerto Rico, San Juan, Puerto Rico February 1998.

Department of Epidemiology and Biostatistics, McGill University, Montreal, QC, Canada, 
February 1999.

End of the Era of Weak Associations? An Historical Study of Epidemiologic Discovery. N1H 
Historical Office Symposium on Evidence and Action: How epidemiologists make decisions 
about science and the public’s health. NIH Clinical Center, Bethesda, MD, March 1998.

Department of Epidemiology. School of Public Health. University ofNorth Carolina, Chapel 
Hill, NC, April 1998.

Center for Clinical Epidemiology and Biostatistics. University of Pennsylvania Medical Center, 
Philadelphia, PA, May 1998.

MD Anderson Cancer Center. Houston, TX, July 1998.

Department of Epidemiology and Biostatistics, Yale University, New Haven, CT, November
1998.

Department of Epidemiology, University of California, Berkeley, Berkeley, CA, March 1999. 

Channing Lab, Harvard University, May 1999.
Department of Health Evaluation Sciences, University of Virginia, Charlottesville, VA, January
2000.

Publishing and Authorship. Cancer Prevention Fellows Data Club Meeting, Bethesda, MD,
September 1997.
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Department of Epidemiology, Michigan State University, East Lansing, MI, February 2000.

Department of Epidemiology, Tulane University School of Public Health and Tropical Medicine, 
New Orleans, LA, April 2000.

Epidemiology at a Crossroads. Seminar for the Cosmetics, Fragrance, and Toiletries 
Association. Morristown, NJ, April 1998.

Epidemiologists and Risk: Theory, Method, and Practice. Workshop on Epidemiology and 
Toxicology. Washington, DC, May 1998.

The Interpretation of Meta-Analyses with reference to Causal Inference and Public Health 
Decisionmaking. Society for Epidemiologic Research Symposium on the Methods and 
Applications of Meta-Analysis. Chicago, IL, June 1998.

Roles and Responsibilities of Epidemiologists. Department of Epidemiology, University of 
North Carolina, Chapel Hill, NC, March 1999.

Causation and Biology. Society for Epidemiologic Research Symposium on the Future of 
Causes in Epidemiology. Baltimore, MD, June 1999.

Epidemiologic Evidence and the Precautionary Principle. International Society for 
Environmental Epidemiology. Athens, Greece, September 1999.

Improving Cancer Screening: An American Perspective. Symposium on Cancer Screening. 
Catholic University of Korea Cancer Center. Seoul, Korea, October 1999.

Causality and Inference in Cancer Epidemiology: W e’ve Got Some Problems.

Ohio State University James Cancer Hospital. Columbus, OH, October 1999.

Department of Food Science and Human Nutrition. Michigan State University, East Lansing,
MI, February 2000.

Department of Epidemiology. Tulane University School of Public Health and Tropical 
Medicine, New Orleans, LA, April 2000.

Our future is not epidemiology.calm. American Public Health Association Special 70th 
Anniversary for the Epidemiology Section. Chicago, IL, November 1999.

American College of Epidemiology Ethics Guidelines: Foundations and Dissemination. AAAS 
Conference on Research Integrity, Washington, DC, April 2000.

Teaching Ethics and Public Health: Curriculum Content. ASPH/HRSA Workshop on Ethics and 
Public Health, Washington, DC, May 2000.
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Precautionary Principle and the Philosophy of Public Health. WHO Workshop on the 
Precautionary Principle, Rome, Italy, May 2001.

Science, Ethics and the Future of Epidemiology.

International Epidemiological Association Regional Asia Meeting, Kitakyushu, Japan, 
September 2001.

Kyoto University School of Public Health, Kyoto, Japan, September 2001.

National Cancer Center, Tokyo, Japan, September 2001.

Cancer Prevention in the 21st Century Istituto Superiore di Sanita, Rome, Italy, May 2002.

Roles and Responsibilities o f Epidemiologists Istituto Superiore di Sanita, Rome, Italy, May
2002.

Promoting Research Integrity Cleveland Clinic Foundation, Cleveland, Ohio, May 2002.

Scope and Importance of Public Health World Bank/WHO Conference on Public Health 
Challenges in the Middle East and North Africa, Beirut, Lebanon, June 2002.

The Precautionary Principle and the Philosophy of Public Health International Society of 
Environmental Epidemiology, Vancouver, BC, August 2002.

Science, Ethics and the Future of Preventive Oncology. Seminars in Clinical and Molecular
Oncology, National Cancer Institute, Bethesda, MD, July 2000.
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EDUCATION:

CURRICULUM VITAE 
GARY MURRAY WILLIAMS, M.D.

Washington and Jefferson College,
Washington, Pennsylvania. B.A. 1963; Magna Cum Laude

University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania. M.D., 1967

SUBSEQUENT TRAINING AND POSITIONS;

1967-1969 Intern and Resident in Pathology, Department of Pathology, Massachusetts 
General Hospital and Instructor in Pathology, Harvard University Medical 
School, Boston, Massachusetts.

1969-1971 Staff Associate, National Cancer Institute, Experimental Pathology Branch, 
Chemical Carcinogen Screening Unit, Bethesda, Maryland.

1971-1972 Visiting Scientist, Wenner-Gren Institute, Department of Cell Physiology, 
Stockholm, Sweden.

1971-1975 Assistant Professor, Department of Pathology, and Member, Fels Research 
Institute, Temple University School of Medicine, Philadelphia, 
Pennsylvania.

1975-1979 Research Associate Professor, Department of Pathology, New York 
Medical College, Valhalla, New York.

1979-1999 Research Professor, Department of Pathology, New York Medical College, 
Valhalla, New York.

1999 - present Professor of Pathology, Department of Pathology, Director of 
Environmental Pathology and Toxicology, Head, Program on Medicine, 
Food and Chemical Safety, New York Medical College, Valhalla, New 
York; Professor of Clinical Public Health, School of Health Sciences and 
Practice, New York Medical College, Valhalla, New York.
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CERTIFICATIONS:

1974 American Board of Pathology

1975 Physician, State Education Department, State of New York

1981 American Board of Toxicology, Recertified, 2007-2011.

1984 Expert in Toxicology, Ministere des Affaires Sociales et de la Solidarite
Nationale, Direction de la pharmacie et du medicament, Republic 
Francais

2000 Fellow in Toxicologic Pathology, International Academy of Toxicologic
Pathology

2002 Fellow of the Royal College of Pathologists

AWARDS AND HONORS:

1963 Phi Beta Kappa, Washington and Jefferson College

1967 Sheard-Sandford Award, American Society of Clinical Pathologists

1967 Alpha Omega Alpha, University of Pittsburgh School o f Medicine

1971 Research Training Fellowship, International Agency for Research on
Cancer

1980 Association of University Pathologists

1982 Arnold J. Lehman Award, Society of Toxicology

1987 Citation Classics: Cancer Lett. 1:231,1976and Cancer Res. 37:1845,1977. 
Institute for Scientific Information, Current Contents, Vol. 30, No.36, 
September?, 1987

1988 Citation Classics: In Vitro 12:521, 1976; 12:821, 1976; 13:809, 1977, 
14:824, 1978. Institute for Scientific Information. Current Contents, Vol. 
32, No. 9, February 27, 1989

1989 Featured on cover o f Cancer Research, Volume 49, November 1
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1995

1996

1997

2001

2002

2005

2006 

2006

2009

2011

RECOGNITION:

1996-11

1996-06

1996-12

1997/1998

1998-05

2005-07

Featured on cover o f Cancer Research, Volume 55, April 15 

Awards Lecture, Society of Toxicology

Top 10 Most Frequently Cited Articles in 25 years of Toxicologic 
Pathology Toxicologic Pathology 10:3-10, 1982; Toxicologic Pathology 
26:452,1998

Ambassador in Toxicology Award, Mid-Atlantic Chapter o f the Society of 
Toxicology.

Enhancement of Animal Welfare Award, Society of Toxicology.

Distinguished Scientist Award, Westchester Chemical Society, American 
Chemical Society, New York Section, Inc.

New York Medical College Dean’s Distinguished Research Award, 2005.

Food and Agriculture Organization / World Flealth Organization Joint Expert 
Committee on Food Additives. 50th Anniversary Medal (5 years service.)

Merit Award, Society of Toxicology

Flonorary Member, American College of Veterinary Pathologists

Who's Who in America 50th-65th Editions (1996-2011)

Who's Who in the East 26lh-34lh Editions (1998-2006)

Who's Who in Science and Engineering 3rd -11th Editions (1995-2012)

American Men and Women of Science 
Directory of American Research & Technology

Official American Board of Medical Specialties Directory o f Board 
Certified Medical Specialists 30,h-38,h Editions (2006)

Who's Who in American Education 6lh -7th Editions (2005-2007)
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W ho’s Who in Medicine and Healthcare 6th-  7th Editions (2006-2010)

SOCIETIES

1974 American Association for Cancer Research

1978 Society of Toxicology

1981 Society of Toxicologic Pathologists

1991 International Society of Regulatory Toxicology and Pharmacology

2011 American College of Veterinary Pathologists (Honorary)

2015 Environmental Mutagenesis and Genomics Society

EDITORIAL RESPONSIBILITIES

1980 Co-Editor, Differentiation and Carcinogenesis in Liver Cell Cultures. Vol. 
349. New York Academy of Sciences.

1980-1981 Consulting Reviewer, Oncology Overviews, International Cancer 
Research Data Bank.

1980-1986 Reviewing Editor, In Vitro.

1980 Co-editor, The Predictive Value of In Vitro Short-term Screening Tests in 
Carcinogenicity Evaluation. Elsevier/North Holland Biomedical Press.

1981-1983 Editorial Board, Fundamental and Applied Toxicology.

1981-1989 Editorial Board, Toxicology and Applied Pharmacology.

1981-1999 Editorial Board, Nutrition and Cancer.

1982 Meeting Report: Carcinogenesis and Gene Expression in Liver Cultures. 
Cancer Research 42:2462-2464, 1982.

1982 Consulting Reviewer, Oncology Overview, International Cancer Research 
Data Bank Program, National Cancer Institute.

1982-1993 Editorial Board, Mutation Research, Genetic Toxicology Testing Section.
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1983 Co-Editor, Colon Carcinogenesis. CRC Press.

1983 Co-Editor, Cellular Systems for Toxicity Testing. Vol. 407. New York 
Academy of Sciences.

1983 Co-Editor, Tests Courts de Cancerogenese/Short-term Tests for 
Carcinogenesis, Elsevier Science Publishers BV, Amsterdam.

1983-1992 Editorial Board, Chemico-Biological Interactions.

1983-1996 Editorial Board, Toxicologic Pathology.

1984-present Founding Editor, Cell Biology and Toxicology.

1987 Meeting Report: Causative and Modifying Factors in Digestive Tract 
Cancer. Cancer Research 47:922-923, 1987

1988-present Editorial Board, Archives of Toxicology; Associate Editor 2008-present

1987 Editor, Sweeteners: Health Effects, Princeton Scientific Publishing 
Company.

1988 Editorial Board, Complex Mixtures and Cancer Risk, IARC Scientific 
Publications, International Agency for Research on Cancer

1989 Meeting Report: American Health Foundation 20th Anniversary 
International Symposium on Causes and Prevention of Cancer. Preventive 
Medicine, in 20:534-547, 1991

1991-2008 International Advisory Board, European Journal of Cancer Prevention

1992 Proceedings of the Second International Conference on Longevity and 
Aging: Environmental and Nutritional Influences on Aging and Cancer 
Experimental Gerontology, Volume 27, Special Issue, 1992

1993 Editor-in-Chief, Antioxidants Chemical, Physiological, Nutritional and 
Toxicological Aspects, Princeton Scientific Publish. Co.

1994-2008 Area Editor for Carcinogenesis, Drug and Chemical Toxicology.

1997 Co-Editor, Reducing Dietary Fat: Putting Theory into Practice, Journal 
of The American Dietetic Association, Volume 97, Supplement 1, 1997
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2002

2001

2003-2007

7/13/2018
Co-Editor, Toxicology, Special Issue, Volume 166, Number 3, Festschrift
J.H. Weisburger.

Guest Editor, International Symposium on Antimutagenesis and 
Anticarcinogenesis, European Journal of Cancer Prevention, Volume 11, 
Supplement 2.

Editorial Board, Toxicologic Pathology, Associate Editor 2005-2007.

2005-2012 International Editorial Board, Food and Chemical Toxicology. Associate
Editor 2009-2012.

MEETINGS ORGANIZED:

1980 Conference on Differentiation and Carcinogenesis in Liver Cell Cultures.
New York Academy o f Sciences. New York, NY.

1980 Workshop on the Predictive Value of in vitro Short Tenn Screening Tests
in the Evaluation of Carcinogenicity. Scientific Council o f the Nether
lands Cancer Society. Dalen, The Netherlands.

1982 Quo Vadis Symposium on Short Term Tests in Carcinogenesis and 
Mutagenesis. Research Center Clin-Midy. Montpellier, France.

1983 Conference on Carcinogenesis and Gene Expression in Liver Cultures 
United States-Japan Cooperative Cancer Research Program. Honolulu, Hawaii.

1984 Conference on Cellular Systems for Toxicity Testing, New York 
Academy of Sciences, New York, NY.

1986 Conference on Causative and Modulating Factors for Digestive Tract Cancer
United States-Japan Cooperative Cancer Research Program. Tokyo, Japan.

1986 International Conference on Cancer Research. Theories of Carcinogenesis.
The Norwegian Cancer Society, Oslo, Norway.

1986 Conference on Non-Mutagenic Carcinogens: How Much Risk to Man?
The Robens Institute, University of Surrey, Guildford, England.

1987 Conference on Sweeteners: Health Effects. American Health Foundation, 
New York.
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1987

1988

1989

1990

1991

1991

1992

1993

1993

1994

1995

1996

1996

7/13/2018
International Symposium in Genetic Toxicology, National Science 
Foundation (U.S.) and Council of Scientific and Industrial Research 
(India), University of Calcutta, Calcutta, India.

International Symposium on Causes and Prevention of Cancer, American 
Health Foundation in cooperation with American Cancer Society and 
National Cancer Institute, New York, NY.

International Conference on Environmental and Nutritional Influences on 
Aging and Cancer, American Health Foundation in cooperation with National 
Institute on Aging, New York, NY.

Conference on Cancer Prevention for Black Americans, Metropolitan Life 
Insurance, Company, New York, NY.

International Conference on Antioxidants: Chemical, Physiological, 
Nutritional and Toxicological Aspects, American Health Foundation, 
Tarrytown, NY.

Second International Conference on Theories of Carcinogenesis. Norwegian 
Cancer Society, Oslo, Norway.

1st International Short Course on Preclinical Drug and Chemical Safety, 
Tarrytown, NY.

2nd International Short Course on Preclinical Drug and Chemical Safety, 
Tarrytown, NY.

American Health Foundation, 25th Anniversary Conference and 
Celebration, Toward Optimal Health: Examining Goals for Nutrition and 
the Environment, Tarrytown, NY.

3rd International Course on the Safety Assessment of Pharmaceuticals, 
Tarrytown, NY.

International Congress on Hepatocytes-Applications in Cell Biology, 
Toxicology and Medicine, Tubingen, Germany.

Conference, Reducing Dietary Fat: Putting Theory Into Practice,
American Health Foundation, New York, NY.

4th International Course on the Safety Assessment of Pharmaceuticals,
Part I, White Plains, NY.
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1996

1997

1998

2000

2001

2002

2002

2002

2003

2004

2005

2006

2006

2007

7/ 13/2018

4th International Course on the Safety Assessment of Pharmaceuticals,
Part II, San Francisco, CA.

5th International Course on the Safety Assessment of Medicines, Part I, 
White Plains, NY.

6th International Course on the Safety Assessment of Medicine.
Basic and Regulatory Aspects, White Plains, NY.

7th International Course on the Safety Assessment of Medicine.
Basic and Regulatory Aspects, White Plains, NY.

8th International Course on the Safety Assessment of Medicine.
Basic and Regulatory Aspects, White Plains, NY.

International Symposium on Antimutagenesis and Anticarcinogenesis, 
New York Medical College, Valhalla, NY

10th International Course on the Safety Assessment of Medicines, 
Advanced Course, Hyeres, Var, France.

International Symposium on Agricultural Exposures and Cancer,
Oxford, England.

Symposium, Chemical Safety Assessment: Contribution of Toxicological 
Pathology and Mechanistic Investigations, New York Medical College, 
Valhalla, NY.

11th International Course on the Safety Assessment of Medicine.
Basic and Regulatory Aspects, White Plains, NY.

12Ih International Course on the Safety Assessment of Medicine 
Basic and Regulatory Aspects, White Plains, NY.

Symposium “Current Issues in Safety Assessment of Medicines, New York 
Medical College, Valhalla, NY.

13th International Course on the Safety Assessment of Medicines, White 
Plains, NY.

14th International Course on the Safety Assessment of Medicines, White 
Plains, NY.
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2008 Workshop on the Biological Significance of DNA Adducts: Part II, 
European Centre for Ecotoxicology and Toxicology o f Chemicals, Cavtat, 
Croatia

2008 15th International Course on the Safety Assessment of Medicines, White 
Plains, N.Y.

2009 16th International Course on the Safety Assessment of Medicines, White 
Plains, N.Y.

NATIONAL AND INTERNATIONAL RESPONSIBILITIES

1975 Consultant, Pesticides, Toxic Substance and Solid Waste Management, 
United States Environmental Protection Agency.

1975-1978 Member, Epidemiology Committee, Breast Cancer Task Force, 
NationalCancer Institute.

1976-1977 Member, Program Committee, American Association for Cancer Research.

1976 Member, Working Group on Evaluation o f Carcinogenic Risk of 
Chemicals to Man: Some Miscellaneous Pharmaceutical Substances, 
International Agency for Research on Cancer.

1976-1978 Co-Chairperson, Subcommittee on Rat Liver Tumors, Committee on 
Histologic Classification of Laboratory Animal Tumors, Institute of 
Laboratory Animal Resources, National Research Council.

1977-1978 Member, Panel on Kepone/Mirex, Scientific and Technical Assessments 
of Environmental Pollutants, Environmental Studies Board, Commission 
on Natural Resources, National Research Council.

1979-1980 Member, Panel on Unscheduled DNA Synthesis, Gene-Tox Program, 
U.S. Environmental Protection Agency.

1980-1981 Member, Panel of Experts Associated with Technical Report Review 
Subcommittee, National Toxicology Program, Department of Health and 
Human Services.

1980 Member, Working Group on Evaluation of Carcinogenic Risk of 
Chemicals to Man-Antineoplastic and Immunosuppressive Drugs,
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1980-1986

International Agency for Research on Cancer.

Panel o f Reviewers, Netherlands Cancer Foundation.

1981 Advisor, Technical Committee, Society of Toxicology.

1981-1982 Member, Task Group on the Differentiation Between Genotoxic and 
Epigenetic Carcinogens, International Commission on Protection Against 
Environmental Mutagens and Carcinogens.

1982 Member, Working Group on the Evaluation of the Carcinogenic Risk of 
Chemicals to Humans: Chemicals and Industrial Processes Associated with 
Cancer in Humans, IARC Monographs Volumes 1 to 29, International 
Agency for Research on Cancer.

1982-1983 Consultant, Office of Health and Environmental Assessment, Reproductive 
Effects Assessment Group, U.S. Environmental Protection Agency.

1982-1983 Member, International Expert Committee to the Nutrition Foundation 
on the Relevance of Mouse Liver as a Model for Assessing Carcinogenic 
Risk, Nutrition Foundation, Incorporated.

1982-1983 Coordinator, Assays of DNA Damage, Collaborative Study on Short-Term 
Tests for Genotoxicity and Carcinogenicity. International Programme on 
Chemical Safety, World Health Organization.

1983 Member, Working Group on the Mechanisms of Chemical 
Carcinogenesis, International Agency for Research on Cancer.

1983-1984 Member, Expert Committee on Pathology/Toxicology and Expert 
Committee on Short-Term Testing, International Life Sciences Institute.

1984-1987 Assessor, National Health and Medical Research Council Panel of 
Independent Assessors, National Health and Medical Research Council, 
Commonwealth of Australia.

1984-1985 Member, Committee on the Carcinogenicity of Cyclamates, Food and 
Nutrition Board, Commission on Life Sciences, National Research 
Council.

1984-1985 Member, Task Group of DNA Repair, Subcommittee on Genetic 
Toxicology, American Society for Testing and Materials.
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Member, Toxicology Study Section, National Institutes of Health.

1985 Vice-Chairman, Working Group on the Evaluation of the Carcinogenic 
Risk of Chemicals to Humans: Some Naturally Occurring Substances, Food 
Additives and Amino Acid Pyrolysates in Food, International Agency for 
Research on Cancer.

1985-1986 Member, Awards Committee, Society of Toxicology.

1986 Member, Working Group on the Evaluation of the Carcinogenic Risk of 
Chemicals to Humans: Genetic and Related Effects: An Updating of 
Selected IARC Monographs from Volumes 1 to 42, International Agency 
for Research on Cancer.

1987 Member, Working Group on the Evaluation of the Carcinogenic Risk of 
Chemicals to Humans: Overall Evaluations of Carcinogenicity: An 
Updating of IARC Monographs Volumes 1 to 42, International Agency 
for Research on Cancer.

1988 Participant, Tox-90s Conference, Society of Toxicology.

1989 Organizing Committee, Workshop on the Effects of Pesticides on Human 
Health, Task Force on Environmental Cancer and Heart and Lung Disease.

1989 Chairman, Working Group and Chairman, Subgroup on Animal 
Carcinogenicity, Working Group on Evaluation of Carcinogenic Risk of 
Chemicals to Humans: Some Pharmaceutical Drugs, International 
Agency for Research on Cancer.

1989 Participant and Member of Editorial Board, Workshop on Complex 
Mixtures and Cancer Risk, International Agency for Research and 
Cancer.

1989 Participant, Working Group on Short-Term In Vitro and In Vivo Tests, 
Workshop on Research to Improve Predictions of Long-Term Chemical 
Toxicity, National Research Council.

1990-1998 Member, Subcommittee on Education, International Federation of Societies 
o f Toxicologic Pathologists.

1991 Member, Working Group on Approaches to Classifying Carcinogens 
According to Mechanisms of Action, International Agency for Research 
on Cancer.
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1993-1999 Member, Committee on Evaluation of the Research Program "Cancer 
Risk Factors and Prevention," German Cancer Center.

1993-2005 Member, Board of Trustees, International Life Sciences Institute, Health 
and Environmental Sciences Institute. Chair, Membership Development 
Committee, 2002-2003.

1993-1998 Member, Subcommittee on Carcinogenicity, International Federation of 
Societies of Toxicologic Pathologists.

1995-1996 Consultant, International Life Sciences Institute, North America 
Antioxidant Technical Committee.

1995-1997 Member, Committee on Research Opportunities and Priorities for EPA, 
Commission on Geosciences, Environment, and Resources,
National Research Council.

1996 Reviewer, U.S. Environmental Protection Agency (EPA), PCBs: Cancer 
Dose-Response Assessment and Application to Environmental Mixtures.

1996 Participant, Developmental Planning for Office of Dietary Supplements 
(ODS), National Institutes o f Health.

1997 Member, Working Group on Short/Medium Term Carcinogenicity Tests 
and Genetic and Related Effects. International Agency for Research on 
Cancer.

1998 Member, Working Group - Re-evaluation o f Some Industrial Chemicals. 
International Agency for Research on Cancer.

1999-2003 Member, Subcommittee on Upper Safe Reference Levels o f Nutrients, 
Committee on Reference Levels of Nutrients, National Academy of 
Sciences, Institute o f Medicine.

1999-present Member Accreditation Committee, International Academy of Toxicologic 
Pathology; Chairman, 2007.

1999 Member, Working Group on Predictive Value of Gastric Neuroendocrine 
Tumours and Forestomach Tumours in Rodents for Carcinogenic Hazard 
Identification. Co-Chairperson, Forestomach Tumors. International Agency 
for Research on Cancer.
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Member and Report Coordinator, Federal Insecticide, Fungicide and 
Rodenticide Act (FIFRA) Scientific Advisory Panel. U.S.
Environmental Protection Agency.

2000-2006 Reviewer, Office of Dietary Supplements, National Institutes of 
Health. Annual Bibliography of Significant Advances in Dietary 
Supplement Research.

2002 Peer Review Member, U.S. Environmental Protection Agency 
"Perchlorate Environmental Contamination: Toxicological Review and 
Risk Assessment."

2002 Temporary Advisor, World Health Organization, 59th Meeting of the 
Joint FAO/WHO Expert Committee on Food Additives (JECFA), WHO.

2002 Participant, Joint FAO/WHO Project to Update the Principles and 
Methods or the Risk Assessment of Chemicals in Food. Workshop I: 
Introduction, Toxicological Tests & Evaluation, Human Data, Margins of 
Safety.

2003 Panelist, Dietary Supplement Use in the Elderly Conference. Office of 
Dietary Supplements. National Institutes of Health.

2003 Temporary Member, Metabolic Pathology Study Section, National 
Institutes o f Health.

2003-2005 Member, Workgroup on Mechanism of Action in Assessing Human 
Relevance of Animal Tumors, Risk Science Institute, International Life 
Science Institute.

2003 Temporary Advisor, World Health Organization, 61st Meeting o f the Joint 
Food and Agriculture Organization/World Health Organization Expert 
Committee on Food Additives (JECFA).

2004 Temporary Advisor, World Health Organization, 63rd Meeting of the Joint 
Food and Agriculture Organization/World Health Organization Expert 
Committee on Food Additives (JECFA).

2004 -05 Member WHO Task Group on Environmental Health Criteria 
for Modelling Dose-Response for the Risk Assessment of Chemicals, 
World Health Organization.
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2004 Temporary Advisor, World Health Organization International 

Programme on Chemical Safety Author’s Workshop on Dose-Response 
Modeling, World Health Organization.

2004-06 Member, Committee on EPA’s Exposure and Human Health Reassessment 
of TCDD and Related Compounds. National Research Council, National 
Academies o f Science.

2005-2008 Member, International PPAR Task Force, International Atherosclerosis 
Society.

2005 Temporary Advisor, World Health Organization, 65th Meeting of the Joint 
Food and Agriculture Organization / World Health Organization Expert 
Committee on Food Additives (JECFA).

2005-2006 Member, Project Committee on Biological Significance of DNA 
Adducts, International Life Sciences Institute, Health and Environmental 
Sciences Institute.

2006-2007 Scientific Advisor, Emerging Issues Steering Committee, International 
Life Sciences Institute, Health and Environmental Sciences Institute.

2006-2007 Member, Expert Group on the Application of the Margin o f Exposure 
(MOE) Approach to Genotoxic Carcinogens in Food. International Life 
Sciences Institute, European Branch.

2006 Temporary Advisor, World Health Organization, 67th Meeting of the Joint 
Food and Agriculture Organization / World Health Organization Expert 
Committee on Food Additives (JECFA).

2007 Temporary Advisor, World Health Organization, 68th Meeting of the Joint 
Food and Agriculture Organization / World Health Organization Expert 

Committee on Food Additives (JECFA).

2008 Temporary Advisor, World Health Organization, 69th Meeting of the Joint 
Food and Agriculture Organization / World Health Organization Expert 
Committee on Food Additives (JECFA). Rome, Italy.

14

RM 001064



7/13/2018
2009 -2010 Corresponding Member, Expert Group of the Risk Assessment of

Genotoxic Carcinogens in Food Task Force. Data selection for BMD 
modeling of genotoxic and carcinogenic substances. International Life 
Sciences Institute -  European Branch.

2009 Peer Reviewer, External Peer Review of the Environmental Protection
Agency/Integrated Risk Information System, Draft Report Toxicological 
Review of Pentachlorophenol, US Environmental Protection 
Agency/Office of Research and Development/National Center for 
Environmental Assessment.

2009 Member, Task Group on Environmental Health Criteria on Principles and 
Methods for the Risk Assessment of Chemicals in Food, Food and 
Agriculture Organization of the United Nations/World Health 
Organization (FAO/WHO)

2010 Temporary Advisor, World Health Organization, 72nd Meeting of the Joint 
Food and Agriculture Organization/World Health Organization Expert 
Committee on Food Additives (JECFA). Rome, Italy.

2010 Temporary Advisor, World Health Organization, 73rd Meeting of the Joint
Food and Agriculture Organization/World Health Organization Expert 
Committee on Food Additives (JECFA). Geneva, Switzerland.

2012 Expert, World Health Organization, 76th Meeting of the Joint Food and
Agriculture Organization/World Health Organization Expert Committee 
on Food Additives (JECFA). Geneva, Switzerland.

2014 Expert, World Health Organization, 79th Meeting of the joint Food and 
Agriculture Organization/World Health Organization Expert Committee 
on Food Additives (JECFA). Geneva, Switzerland.

2015 Member, World Health Organization, 80th Meeting of the Joint Food and 
Agriculture Organization/World Health Organization Expert Committee 
on Food Additives (JECFA). Rome, Italy.

BIBLIOGRAPHY 1969-2015

537 publications
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(16) All communications and documents related to the three corrigenda and “expression of 
concern” published in Critical Reviews in Toxicology on September 26, 2018 regarding 
the five manuscripts by the Intertek Expert panel.

Response:

As noted in the response to Item 16 “Expression of Concern” and five Corrigenda have 

now been published on-line in the Taylor and Francis web site for Critical Reviews in 

Toxicology. All of the communications and documents in my possession related to this matter 

have been provided in the Response to Item 15.
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(17) Communications and documents related to any medical literature, studies, journal
articles, tests, and/or scientific analyses related to the potential adverse human health 
effects of GBFs, AMPA, and/or surfactants for GBFs for which You were involved with 
the peer-review process. This request includes drafts

Response:

I do not recall my involvement in the peer-review process related to potential adverse 

human health effects of GBFs, AMPA, and/or surfactants for GBFs that relate to any medical 

literature, studies, journal articles, tests, and/or scientific analyses other than those discussed 

above related to manuscripts published in Critical Reviews in Toxicology which I serve as 

Editor-in-Chief.
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Response:

Reference has been made to the “Monsanto Papers” during the investigation described 

above in to the manner in which the five papers published in the Special Supplement to Volume 

46 (2016) of Critical Reviews in Toxicology. 1 am not aware of any other communications to me 

or from me involving the “Monsanto Papers.”

(18) All communications related to the de-classified internal Monsanto documents dubbed the
“Monsanto Papers.”
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(19) Documents relied on or reviewed to prepare for this Deposition.

Response:

I have not relied on any documents, other than those referenced above, responding to this 

Subpoena and preparing for my deposition.
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