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(Exhibit No. 13-1 marked for 
identification.)
(Exhibit No. 13-2 marked for 
identification.)
(Exhibit No. 13-3 marked for 
identification.)
VIDEOGRAPHER: This is the deposition of 

Dr. Matthew K. Ross. This is the start of 
tape of DVD label number one of the 
videotaped deposition of Dr. Matthew K. Ross 
in Re Roundup Product Litigation. It is in 
United States District Court for the Northern 
District of California, Civil Action 
16-MD-2741-VC.

The deposition is being held at Allen 
Hall, Mississippi State University, on May 
the 3rd of 2017, commencing at approximately
9:33 a.m.

My name is Eddie Nabors. I am the legal 
video specialist from TSG Reporting, 
headquartered at 747 Third Avenue, New York, 
New York. The court reporter is Todd Davis, 
also in association with TSG reporting.

Ask for counsel introductions on the 
audio portion, please.

TSG Reporting - Worldwide 877-702-9580 2
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1 MR. GRIFFIS: Kirby Griffis of 1 MATTHEW K. ROSS, PH.D,
2 Hollingsworth representing Monsanto. 2 having been first duly sworn, was examined and
3 MS. SHIMADA: Elyse Shimada of 3 testified under oath as follows:
4 Hollingsworth representing Monsanto. 4 MS. WAGSTAFF: So before we start, I
5 MR. TRAVERS: My name is Jeffrey Travers 5 would like to read something on to the
6 with the Miller Firm representing plaintiffs. 6 record.
7 MS. WAGSTAFF: Aimee Wagstaff from 7 MR. GRIFFIS: Sure.
8 Andrus Wagstaff in Denver, Colorado, 8 MS. WAGSTAFF: If you may. Just as an
9 representing the plaintiffs. 9 administrative matter, Mr. White and I are

10 MR. WHITE: Dylan White representing 10 splitting a microphone which is clipped to a
11 Dr. Matthew Ross. 11 coaster between us, so we are proceeding
12 VIDEOGRAPHER: Will the reporter 12 hopefully that everything will be picked up
13 administer the oath, please. 13 by that microphone.
14 14 VIDEOGRAPHER: I am hearing you
15 15 perfectly fine.
16 16 MS. WAGSTAFF: Excellent. Excellent.
17 17 Secondly, Monsanto has requested that
18 18 Dr. Ross's deposition to "explore the
19 19 mechanism subgroups conclusion about
20 20 glyphosate." They have requested this
21 21 limited additional discovery, which the Court
22 22 has allowed.
23 23 On April 18th, 2017, the MDL Court
24 24 entered PTO 16, which said that, "Monsanto
25 25 may subpoena Dr. Ross for 'fact deposition.'"

P age  8 P age  9

1 As such, plaintiffs will object to any 1 little housekeeping stuff like mark the legal
2 expert testimony elicited by Monsanto or 2 documents that are going to be involved in this
3 given to — or given by Dr. Ross and will try 3 deposition.
4 to object as the questions are requested but 4 We are going to be doing a number
5 present this general objection on the record 5 of tilings like marking documents, putting exhibit
6 before we begin. 6 stickers on them, and then handing them to you.
7 MR. GRIFFIS: Anything else? 7 And the general fonnat is that I'll be asking
8 MS. WAGSTAFF: Nothing else. You may 8 questions, and you'll be answering the questions.
9 proceed. 9 I'm going to assume, if I ask you a

10 MR. GRIFFIS: Yeah. 10 question and you don't tell me that you haven't
11 EXAMINATION BY MR. GRIFFIS: 11 understood it, that you do understand it. And at
12 Q. Yeah. I will address that. 12 times, your attorney may make an objection, or
13 Dr. Ross, have you been deposed 13 Ms. Wagstaff may make an objection.
14 before? 14 If your attorney instructs you not
15 A. No. This is the first time. 15 to answer a question, then you're entitled to
16 Q. Okay. I am going to start by asking you 16 listen to him and not answer that question.
17 to state your full name. 17 Otherwise, it's your obligation to answer the
18 A. My name is Matthew K. Ross. 18 questions that I've asked whether there's an
19 Q. And you are --you have a Ph.D.? 19 objection or not.
20 A. I have a Ph.D. 20 Do you understand that, sir?
21 Q. And in what, please? 21 A. Yes.
22 A. It is in enviromnental toxicology. 22 Q. Okay.
23 molecular toxicology. 23 MS. WAGSTAFF: I would object to the
24 Q. I'm going to go on and ask some more 24 fact that he doesn't know when he doesn't
25 questions about your qualifications and do a 25 understand you, but I understand your point.

TSG Reporting - Worldwide 877-702-9580 3
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MR. GRIFFIS: Sure.
The videographer has asked me to put on 

the record that his — that although his 
instructions were to create a split screen 
video between me and you as a final 
production copy — as going forward I have 
instructed him not to do that, but instead to 
make two videos. And we will clarify in post 
what we want done with those.

Presumably, we'll just take delivery of 
two videos, but in any event, his 
instructions were incorrect to that extent.

BY MR. GRIFFIS:
Q. I have marked as Exhibit 13-la subpoena 

to testily at a deposition in a civil action.
It's called a notice of deposition. This was
issued by Monsanto for your deposition here today,
sir.

13-2 is a cross notice by the 
plaintiffs for the same deposition.

And 13-3 is a subpoena to produce 
documents, which I presume that you have seen 
before, sir. And I'm putting that into evidence 
because I will be asking some questions about it 
later and because the notice of the deposition
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refers to it.
Have you seen any of those 

documents before, sir?
A. Yes.
Q. All three?
A. I have not seen this. No.
Q. Haven't seen the cross notice. But you 

have seen Monsanto's notice of deposition, and you 
have seen the original subpoena for documents to 
which you responded by producing some documents, 
correct?

A. Yes.
Q. Okay. And have you brought any — other 

than your CV, which I'm about to mark as Exhibit 4 
to this deposition, have you made any effort to 
gather documents for this deposition you didn't 
previously provide?

A. No.
Q. All right. Exhibit 13-4 is your CV.

(Exhibit 13-4 marked for 
identification.)

BY MR. GRIFFIS:
Q. Okay. That is a current copy of your 

CV, sir?

P age  13

A. Yes.
Q. Would you please tell the jury your 

educational background?
MS. WAGSTAFF: Can I have a copy?
MR. WHITE: If you have another one, I'd

also like to see.
Thank you very much.

A. So I received a bachelor of science 
degree in chemistry from UC Berkley in 1989. And 
then I received a Ph.D. in molecular toxicology 
from UC Irvine — University of California at 
Irvine -- in 1998.

Q. Do you do bench research primarily, sir?
A. Yes.
Q. Would tell the jury what bench research 

is?
A. So the research I do is focused on 

analytical chemistry, bioanalytical chemistry, the 
study of how both environmental agents get 
metabolized in the body. In addition to how 
endogenous lipids get metabolized in the body.

Q. And what does bench mean in the terms of 
bench research?

A. Yes. Sorry. So bench research refers 
to work done in a laboratory under controlled
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conditions. So we don't necessarily work with 
surveys or population surveys.

It is not epidemiological research.
It's basic science done in a laboratory at the 
bench.

Q. And do you do work on experimental 
animals?

A. Yes.
Q. How much of your work is on experimental 

animals as opposed to in vitro?
A. I do mainly in vitro work. Mainly in 

cultured cells. Human cells, animal cells, and 
also in vivo studies in collaboration with other 
scientists at Mississippi State.

Q. And would you please explain to the jury 
in simple terms the difference between in vitro 
and in vivo. We just used both of those terms.

A. Sure. In vivo studies are studies that 
look at how a particular chemical may be 
metabolized within the body, within the human 
person, or in — within an intact animal.

Those are studies that are 
performed so that you're looking at the whole 
system, the whole organism. In vitro studies are 
done in which cultured cells are used to study

TSG Reporting - Worldwide 877-702-9580 4



1

2
3

4

5

6
7

8
9

10
11
12
13

14

15

16

17

18

19

2 0
21

22

23

24

25

1

2
3

4

5

6
7

8
9

10
11
12

13

14

15

16

1

18

19

20

21

22

23

24

25

Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 6 of 398

Page 14 Page 15

various processes. It could be metabolism of a 
chemical. So in vitro is done in isolated 
cultured cells or what we call the subcellular 
fraction in which we obtain various parts of a 
tissue, but it is not the whole organism.

Q. And you mentioned both humans and 
animals when you described in vivo studies.

Do you perform studies in humans?
A. We use human cells. We use — we use a 

cultured cell line that's derived from a — from 
humans. We use tissues from humans. Primary 
cells that -- from actual human donors. So we use 
those types of materials from humans, yes.

Q. So those are all in vitro studies, 
though, not whole, intact human beings? They're 
done in -  

A. Correct.
Q. -  essentially in a Petri dish?
A. Yes. In test tubes, Petri dishes.
Q. "In vitro" means in glass?
A. That's the Latin word.

MS. WAGSTAFF: I'm going to object to 
this, as it has nothing to do with the 
mechanisms, subverts, conclusions about 
glyphosate.
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BY MR. GRIFFIS:
Q. With regard to in vivo studies done, 

have you done any in vivo studies in humans?
A. We — let me see. As a bioanalytical 

chemist, I have looked at urine samples to measure 
pesticide metabolites

Q. You have been involved as part of a team 
that was doing epidemiology work?

A. Correct.
Q. And what study or studies was that in 

connection with?
A. It was related to a study with 

permethrin.
Q. And what was the research group who was 

doing that study?
MS. WAGSTAFF: Same objection.

A. It was a research group here at 
Mississippi State.
BY MR. GRIFFIS:

Q. Have you been involved with the 
Agricultural Health Study?

A. I have been a member of their — what do 
you call it? What is the right word? Their board 
that helps external advisory panel that — that 
listens to some of their presentations.

P age  17

Q. So you give scientific advice?
A. Correct.
Q. Have you performed any scientific work 

in connection with any of those studies?
A. No.
Q. Okay.

MS. WAGSTAFF: Same objection.
BY MR. GRIFFIS:

Q. Again, talking about in vivo studies 
only, sir, you told us that you don't do in vivo 
studies in humans. You don't run those yourself, 
at least, except to the extent that you may be 
involved in analyzing urine samples for pesticide 
residues, for example, as a part o f someone else's 
epidemiology study.

Do you run in vivo studies in any 
species o f intact animals?

A. In mice.
Q. Are you the primary researcher in those 

studies?
A. In collaboration with my colleague at 

Mississippi State.
Q. Okay. And you said that the majority of 

your work is in vivo work; is that right — I'm 
sorry — in vitro work?
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A. The majority of my work, I would say, is 
done in vitro and in terms of bioanalytical 
chemistry of samples obtained from an intact 
animal like tissues or excreta from those animals.

Q. Have you done research on glyphosate?
A. No.
Q. That is true both before and after your 

involvement with working group 112, correct?
A. Yes.
Q. Okay. Working group 112 is the I ARC 

group that looked into carcinogenicity of 
glyphosate and four other pesticides, correct?

A. Yes.
Q. Okay. I'm going to have a number of 

questions, obviously, today about your 
participation in IARC and how that came to pass, 
sir, and we'll turn to that in a moment.

First, I'd like to know, before you 
went to working group 112, before you went to 
Lyon, France, for that, did you know or had you 
met Christopher Portier?

A. I have never met him before volume 112.
Q. Didn't know who he was before?

MS. WAGSTAFF: Objection. This has
nothing to do with the mechanisms, subgroups,

TSG Reporting - Worldwide 877-702-9580 5
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1 conclusions about glyphosate. Chris Portier 1 MS. WAGSTAFF: Objection. Calls for
2 is not even a monograph 112 member. 2 speculation.
3 BY MR. GRIFFIS: 3 A. I — I think I became involved because
4 Q. Go ahead. 4 of my experience in bioanalytical chemistry, in
5 A. Did I know him? I knew — I knew his 5 the area of toxicokinetics and metabolism, and
6 brother. I did not know Christopher Portier. I 6 extensive publications in organophosphate poisons.
7 had met his brother one other time. 7 BY MR. GRIFFIS:
8 Q. Okay. Before coming involved with 8 Q. Do you know who whose — who suggested
9 working group 112, did you know Kurt Straif? 9 your name to participate in working group 112?

10 A. No. 10 MS. WAGSTAFF: Calls for speculation.
11 Q. Before becoming involved with working 11 MR. WHITE: You can answer to the extent
12 group 112, did you know Phillip Landncan? 12 that you know.
13 A. No. 13 A. I don't know.
14 Q. Did you know — before becoming involved 14 BY MR. GRIFFIS:
15 with working group 112, did you know Lauren Zeise? 15 Q. Were you ever told anything about why
16 A. No. 16 you were invited by anyone?
17 Q. Before becoming involved with working 17 A. I don't recall.
18 group 112, did you know Ivan Rusyn? 18 Q. How did you learn that you were being
19 A. I knew of him. I knew of him, but I did 19 invited to participate in working group 112?
20 not know him personally. 20 A. I received an e-mail invitation from
21 Q. You never met him? 21 IARC.
22 A. I had never met him. 22 Q. And about how long before the actual
23 Q. Do you know how it was — how it came to 23 working group 112 convened in March of 2015 was
24 be that you were invited to participate in working 24 that?
25 group 112? 25 A. If I recall, I had an e-mail invitation

P age 20 P age 21

i June 2014. 1 BY MR. GRIFFIS:
2 Q. And were there any rules imposed by the 2 Q. Marked as Exhibit 5 an e-mail. And this
3 university on your consultation? Was there 3 is an e-mail that you produced to us during
4 anything that you had to have cleared or approved 4 response to our deposition notice — or our
5 before you could do that? 5 request for production of documents which is
6 MS. WAGSTAFF: Objection. This is 6 Exhibit 3.
7 outside the scope of what Monsanto requested 7 This is from a Kathryn Forgie — is
3 and what the judge allowed. 8 that pronounced correctly — who is a lawyer at
9 MR. WHITE: Again, only answer to the 9 Andrus Wagstaff, Ms. Wagstaff s firm, asking to

10 extent that you know. 10 meet with you.
11 A. The -  there was no stipulations. The 11 And did you respond to this e-mail?
12 only ~  I only needed to get approval for 12 A. I don't -  I don't recall.
13 international travel. 13 Q. You don't recall receiving the e-mail?
14 BY MR. GRIFFIS: 14 A. I do remember receiving this e-mail. I
15 Q. Okay. So you got that approval, and 15 don't recall responding.
16 you -  as far as you knew, there weren't any other 16 Q. Okay. Have you ever spoken to any
17 requirements imposed by the university or 17 lawyers other than Mr. White about your work on
18 clearances that you needed to get to participate 18 working group 112?
19 in IARC working group 112? 19 A. No.
20 MS. WAGSTAFF: Same objection. 20 MS. WAGSTAFF: Objection. Extremely
21 A. There was -  no. 21 vague. Any lawyers anywhere? What if he has
22 BY MR. GRIFFIS: 22 friends that are lawyers.
23 Q. All right. 23 MR. GRIFFIS: He has answered the
24 (Exhibit No. 13-5 marked for 24 question.
25 identification.) 25

TSG Reporting - Worldwide 877-702-9580 6
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1 BY MR. GRIFFIS: 1 introduction?
2 Q. Now, when did you first meet Christopher 2 A. Yes.
3 Portier, sir? 3 Q. Did Mr. Portier introduce himself when
4 MS. WAGSTAFF: Objection. Again, 4 he was talking about himself, or did anyone
5 outside the scope of the allowed deposition. 5 identify him as a current or fonner member of the
6 Monsanto asked to explore the mechanisms, 6 Enviromnental Defense Fund?
7 subgroups, conclusions about glyphosates. 7 MS. WAGSTAFF: Again, I am going to
8 And Dr. Porlier was not even on the monograph 8 object -  have a standing objection to
9 team. 9 questions about Chris Portier. As I have

10 MR. WHITE: Answer only to the extent 10 said, before he was not even a member of the
11 that you know. 11 group, and he was not in the mechanism
12 A. I met him the first time at Lyon, at the 12 subgroup.
13 IARC meeting volume 112. 13 MR. WHITE: You're fine.
14 BY MR. GRIFFIS: 14 A. So he — in the IARC list of
15 Q. At the introductory meeting? 15 participants, he had disclosed consulting for the
16 A. At the first day of the meeting. 16 Enviromnental Defense Fund. That was presented
17 Q. And on the first day, there was an 17 even before the meeting.
18 introductory welcome meeting where everybody got 18 BY MR. GRIFFIS:
19 together, and there were some speeches; is that 19 Q. You were given everybody's declaration
20 right? 20 of interests before the meeting?
21 A. I wouldn't call it speeches. 21 A. Yes. There was a list of declaration of
22 Introductions of each member of — and the panel. 22 interests, and on that day, we had to sign if
23 Q. Did everyone sit down together, and 23 there had been any other conflicts of interest,
24 people stood up and spoke a little bit about 24 potential conflicts of interest that needed to be
25 themselves or about one another by way of 25 disclosed on that very first day. There was a

Page 24 P age 25
1 form we had to sign. 1 112, correct?
2 Q. There was a supplemental declaration you 2 A. Yes.
3 filled out on the first day? How far before — 3 Q. That's what that is?
4 how long before the first meeting in Lyon did you 4 A. Yes.
5 receive other people's declaration of interests? 5 Q. Okay. On the third page of that
6 A. I believe — if I recall, it was on the 6 document, in the box that says Nos. 5 through 6,
7 website of the IARC volume 112 meeting. When the 7 you disclosed as one of your interests being on
8 participants are listed, their conflicts of 8 the advisory panel for the Agricultural Health
9 interest were listed on that particular form that 9 Study; is that right?

10 was on the website. I don't remember the time 10 A. Yes.
11 that showed up on the web, though. 11 Q. And you wrote that you provided
12 MR. GRIFFIS: All right. Let's take 12 expertise on study design, data interpretation,
13 five minutes so I can organize the next few 13 and advice, correct?
14 exhibits. 14 A. Yes.
15 VTOEOGRAPHER: Off the record at 9:55. 15 Q. When you were given information about
16 (A short recess was taken.) 16 other people's declaration of interests, including
17 (Exhibit No. 13-6 marked for 17 Mr. Portier's, did you see them in this form, or
18 identification.) 18 were you just given copies of other people's forms
19 VIDEOGRAPHER: Back on the record at 19 that they filled out?
20 10:07. 20 A. I don't recall receiving their conflict
21 BY MR. GRIFFIS: 21 of interests or declaration of interest in this
22 Q. Okay. Dr. Ross, I have marked as — 22 form.
23 during the break, I marked as Exhibit 6 this 23 Q. In what form do you recall receiving it?
24 deposition and handed you a copy of your 24 A. What is on the — was on the website --
25 declaration of interest for IARC working group 25 the IARC website for the meeting and the list

TSG Reporting - Worldwide 877-702-9580 7
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1 of -  the list of participants fonn that was at 1 Q. Frank LeCurieux? Did I pronounce that
2 the meeting. Conflicts of interest were shown on 2 right?
3 that form. 3 A. Uh-huh (affirmative response).
4 Q. Okay. I want to mark this as Exhibit 7. 4 Q. Matthew Martin, William — and Lauren
5 (Exhibit No. 13-7 marked for 5 Zeise. And invited specialist for subgroup 4 was
6 identification.) 6 Christopher Portier, correct?
7 BY MR. GRIFFIS: 7 A. Yes.
8 Q. It is another document that you 8 Q. And he's — his affiliations here are
9 produced, sir, entitled -  headed "IARC 9 listed only as retired; is that right?

10 International Agency for Research on Cancer," 10 A. Yes.
11 entitled, "Subgroup 4, working group members." 11 Q. Now, I've asked you about some of these
12 MS. WAGSTAFF: I'm just going to object 12 people.
13 that there's no Bates number on this or 13 Did you know Mr. LeCurieux before
14 there's no production number or any sort of 14 joining working group 4?
15 identifying number. But I assume it's 15 A. No.
16 authentic. 16 Q. Did you know Mr. Martin?
17 MR. GRIFFIS: It is. 17 A. No.
18 BY MR. GRIFFIS: 18 Q. You met all of these people for the
19 Q. And this is a docmnent that you received 19 first time in Lyon: is that correct?
20 from IARC listing subgroup 4, working group 20 MS. WAGSTAFF: Objection to the form.
21 members, sir? 21 MR. WHITE: You can answer.
22 A. It appears that way, yes. 22 A. Yes.
23 Q. And you were on -  in working group 4 23 MS. WAGSTAFF: You talking about in
24 along with Dr. Rusyn as subgroup chair, correct? 24 person that he met them before the meeting?
25 A. Yes. 25 MR. GRIFFIS: Before being in Lyon is

P age  28 P age  29

1 what I'm asking. 1 BY MR. GRIFFIS:
2 MS. WAGSTAFF: Uh-huh (affirmative 2 Q. Now, do you know, sir, how those
3 response). 3 substances were selected to be reviewed by working
4 A. I had not met them before Lyon. 4 group 112?
5 MR. GRIFFIS: Okay. 5 MS. WAGSTAFF: Speculation.
6 (Exhibit No. 13-8 marked for 6 A. I don't.
7 identification.) 7 BY MR. GRIFFIS:
8 BY MR. GRIFFIS: 8 Q. Did you learn at any time that
9 Q. Exhibit 13-8. I'm sorry. I shouldn't 9 glyphosate wasn't originally on the list?

10 have said putting 13. We are putting "13-" in 10 MS. WAGSTAFF: Objection to foundation.
11 front of everything. But it's Exhibit 8 to this 11 A. I had no knowledge of that.
12 deposition. Sorry. Is a -  an overview of 12 BY MR. GRIFFIS:
13 assignments for — for group 4 for all o f the 13 Q. Okay. Did you learn at any time that
14 substances being investigated; is that right? 14 Mr. Portier was involved in getting glyphosate
15 A. Not only group 4. There — 15 added to the list?
16 Q. Yes, sir. All o f the groups. 16 MS. WAGSTAFF: Objection. Foundation.
17 A. For — for it appears to be all of 17 A. I have no knowledge of that.
18 the — all o f the four — four groups. 18 BY MR. GRIFFIS:
19 Q. And would you quickly review for the 19 Q. Let's look at Exhibit 8, the assignments
2 0 jury what pesticides were being examined by 20 list, sir, and focus on glyphosate.
21 working group 112? 21 And this overview of assignments,
22 MS. WAGSTAFF: Objection to scope. 22 what work — what does it mean to be assigned a
2 3 A. First we worked on malathion, parathion, 23 subsection?
24 diazinon, tetrachlorvinphos and glyphosate. 24 A. So in my — in my case, my
2 5 25 responsibility was to review the toxicokinetic

8TSG Reporting - Worldwide 877-702-9580
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1 data on glyphosate. 1 the toxicokinetic data section of the IARC working
2 Q. A n d - 2 group 112 monograph?
3 A. I was responsible for drafting the 3 A. Yes.
4 documents on the toxicokinetic data. 4 Q. And did you have responsibility for
5 Q. And how far in advance did you receive 5 writing sections for other substances, as well?
6 your assignment with regard to glyphosate? 6 A. No.
7 MS. WAGSTAFF: Objection to the form. 7 Q. I see you listed under toxicokinetic
8 A. At approximately six months before the 8 data for tetrachlorvinphos?
9 meeting, I received assignments. 9 A. Correct. So my charge was to write —

10 BY MR. GRIFFIS: 10 to review the toxicokinetic data for each of the
11 Q. And what were you supposed to do in 11 five compounds that were being evaluated under
12 response to this those assignments? 12 volume 112.
13 A. We were charged with evaluating the 13 Q. Okay. Before arriving in Lyon, in March
14 published literature — in my particular case, the 14 of 2015, you were to prepare drafts of
15 toxicokinetic data on glyphosate in the published 15 toxicokinetic data sections for malathion,
16 literature in publicly available literature and to 16 parathion, diazinon, glyphosate, and
17 synthesize a review of what is known regarding the 17 tetrachlorvinphos; is that right?
18 toxicokinetics of glyphosate. 18 A. Yes.
19 Q. And you prepared a written product from 19 Q. And other people were doing the same for
20 that, sir? 20 other sections, right?
21 A. Yes. 21 A. Whatever was listed in this overview of
22 Q. What was that written product? 22 assignments, that's — that was their charge.
23 A. It was the review of the toxicokinetic 23 Q. When did you see other people's drafts
24 data regarding glyphosate. 24 in your subsection, in group 4?
25 Q. Was a draft of what ultimately became 25 MS. WAGSTAFF: Object to form.

P age  32 P age  33

1 A. We were asked to do peer review of 1 Q. And were you — were you given a user
2 certain sections. I did not do peer review of all 2 name and password for IOPS?
3 the sections. We were assigned certain drafts to 3 A. Yes.
4 peer review before traveling to Lyon. 4 Q. And when you logged on to IOPS, what did
5 BY MR. GRIFFIS: 5 you have access to from working group 112?
6 Q. Flow far in advance was that? 6 MS. WAGSTAFF: I'm going to object to
7 A. Approximately two to three months. 7 the questions about drafts of IARC based on
8 Q. With regard to glyphosate, which 8 Judge Charbrio's (phonetic) order saying that
9 sections were you involved in reviewing? 9 IARC drafts are IARC property, immune from

10 A. Let me see here. I believe the one 10 subpoena, pursuant to 22-USC-288-A,
11 section that I peer reviewed for the meeting was 11 subsection B, and 919-F, sub 2B-43.
12 4.2.3 oxidative stress inflammation and the immune 12 BY MR. GRIFFIS:
13 supression. 13 Q. Go ahead, sir.
14 Q. Which was drafted by who? 14 A. Can you repeat the question?
15 A. Dr. Ivan Rusyn. 15 Q. Sure. What did you have access to
16 Q. Did you provide comments to that 16 regarding working group 112 on IOPS?
17 section? 17 A. So we could — certainly, we would have
18 A. Yes. 18 access to our subgroup. We could access any of
19 Q. During this process of preparing drafts 19 the documents that were being produced by the
20 and sending drafts, how were you sending and 20 other subgroups if we wanted to read through them.
21 receiving drafts? 21 So you could start looking at drafts before
22 A. We used a server — IARC server, IOPS 22 arriving in Lyon.
23 system where we would upload drafts of the 23 Q. Could you look at what studies had been
24 documents or peer reviews of a document that we 24 tagged by your group and by other groups?
25 needed to upload on to the server. 25 MS. WAGSTAFF: Same objection.

TSG Reporting - Worldwide 877-702-9580 9
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1 A. I don't recall. 1 A. In my case, it was directly related to
2 BY MR. GRIFFIS: 2 toxicokinetic data, whether it described the
3 Q. Did you participate in tagging studies 3 absorption, distribution, metabolism, and
4 for review? 4 excretion of glyphosate.
5 A. For the toxicokinetic data, yes. I was 5 Q. Yes, sir. I'm asking something a little
6 charged with tagging some of the documents, yes. 6 bit different.
7 Q. When you were given your assignment, had 7 Let's say if you had a study in
8 other people already tagged toxicokinetic 8 mind that you wanted to tag. What would you
9 documents for you? 9 actually do on the computer to tag it?

10 A. No. 10 A. We would evaluate the abstracts. And if
11 Q. So did you pretty much do all of the 11 it clearly looked relevant, we would tag them
12 work of tagging toxicokinetic documents? 12 right then and there. If we were uncertain about
13 A. I believe I did. 13 the relevance, I would try to get access to the
14 Q. Was there a way for you to tag documents 14 copy of the lull article to — if the abstract
15 in other categories, or do you know? 15 wasn't revealing to me enough about the relevance
16 A. I don't recall that. Whether I could 16 of the article, I would try to get a copy of the
17 tag documents in oxidative stress, I don't recall 17 actual -- the full article to include it or not
18 that. 18 include it.
19 Q. Okay. How — if you wanted tay tag a — 19 Q. Was there a box to check to tag or not
20 and when we say tag a document, we're talking 20 tag documents?
21 about a study? 21 A. We had some mechanism of including or
22 A. Yes. A published study in the public — 22 excluding the study in our evaluation.
23 in the publicly available literature. 23 Q. Now, there was also an online system
24 Q. What was the process for tagging 24 called the HAWC, H-A-W-C; is that right?
25 studies? 25 A. Yes.

Page 36 P age 37
1 Q. Okay. And were you given a user name 1 A. I don't recall ever seeing those.
2 and password for HAWC? 2 Q. Did you see any modules that were —
3 A. Yes. 3 could be used to manipulate or generate
4 MS. WAGSTAFF: Same objection. IARC 4 statistical analyses of data?
5 drafts and work product. 5 A. No.
6 BY MR. GRIFFIS: 6 Q. Okay. Did HAWC have capacities that you
7 Q. What was the difference between what you 7 were aware of to process or store or display data
8 were doing on IARC and what you were doing on 8 from studies in any way?
9 HAWC? 9 A. Not that I am aware of.

10 A. I don't recall. I don't recall the 10 Q. Okay. So if I want to summarize the
11 difference. I think the IOPS system was simply a 11 IOPS and HAWC so perhaps we can move on from it,
12 way to upload documents, and HAWC was the software 12 from what you used those two systems for, then,
13 that allowed us to tag documents to include or 13 would have been, one, to tag literature in your
14 exclude an evaluation. 14 assigned areas for these various documents, i.e.,
15 Q. So the tagging would have actually been 15 toxicokinetic data; and, two, with regard to the
16 taking place on HAWC, and if you wanted to share a 16 IOPS system to upload your draft sections on
17 document with the group, it would go through IOPS; 17 toxicokinetics and to download any drafts that you
18 is that right? 18 wanted to read that other people had done.
19 A. I don't recall the specifics of sharing 19 Is that right?
20 PDFs of the actual studies. I don't recall. 20 MS. WAGSTAFF: Objection. You're
21 Q. Okay. Did HAWC also have tools for 21 testifying. That record speaks for itself.
22 doing data analysis? 22 A. The HAWC system was used for tagging
23 A. Not for the toxicokinetics. 23 studies for inclusion or exclusion. And IOPS was
24 Q. You didn't see any data analysis modules 24 used for uploading documents, and we could access
25 on HAWC for working group 112? 25 other — other documents in the — in the IOPS
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system, other drafts.
BY MR. GRIFFIS:

Q. And was there anything else that you 
used either of those systems for other than what 
we just talked about?

A. No.
Q. Okay. Explain to the jury what 

toxicokinetics is, please.
A. Toxicokinetics relates to the 

absorption, distribution, metabolism, and 
excretion of a particular chemical in the body.

Q. So it's — is it a fair summary to say 
how a chemical moves through the body from start 
to finish?

A. Yes.
Q. Okay. And toxicokinetics were the only 

sections you were responsible for before showing 
up in Lyon; is that right?

A. Yes.
MS. WAGSTAFF: Object to the form.

BY MR. GRIFFIS:
Q. Would you have reviewed studies in the 

other working group 4 subareas like receptor 
mediated effects, altered self proliferation, 
cancer suseptibility data, et cetera, other than
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P age  40

toxicokinetics, of course, before showing up in 
Lyon?

A. I was charged with peer reviewing the 
oxidative stress drafts before showing up in Lyon.

Q. Did you review the oxidative stress 
drafts for all of the substances?

A. I don't recall.
Q. Did you have different assignments than 

oxidative stress from some of the other 
substances?

A. I did. I — yes.
Q. Do you recall if you had one assignment 

for each substance -- one peer review assignment 
for each substance?

A. I don't recall.
Q. Okay. Do you recall about how many peer 

review assignments you had total?
A. I can't remember exactly. Maybe three, 

maybe four.
Q. How many hours of work do you think you 

put into the peer review of glyphosate oxidative 
stress section?

A. Two to three hours.
Q. And what did that — those two to three 

hours of work entail?

P age  41

A. Reading the draft and providing comments 
on the draft document.

Q. Did you review any of the studies?
A. That were in the draft?
Q. Yes, sir. In those two to three hours, 

did you actually read any of those studies that 
were cited therein?

A. I don't recall.
(Exhibit No. 13-9 marked for 
identification.)

BY MR. GRIFFIS:
Q. Dr. Ross, I marked as Exhibit 9 a 

working group 112 meeting timetable that you 
produced, and that is what's in front of you; is 
that right?

A. I didn't produce this. You mean — what 
do you mean produced?

Q. I'm sorry. I'm being a lawyer when I 
say "produced." We asked you to provide us with 
documents that IARC — and you turned those 
documents over, and I'll ask you a little bit more 
about how you did that exactly. But we ultimately 
received documents from you, and this is one of 
the documents that we received.

So this is one of the documents
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that you provided to us in response to our 
document request which is Exhibit 3; is that 
right?

A. Yes.
Q. Okay. And this is a timetable that I 

take it you received from IARC for working group 
112, right?

A. Yes.
Q. Okay. And it shows activities from the 

evening of March 2nd through the afternoon of 
March 10th of 2015, right?

A. Yes.
Q. Okay. And on March 2nd, the only 

activity is an evening meeting — an evening 
planning meeting between meeting chairs and 
subgroup chairs only, correct?

A. That's correct.
Q. Were you involved in that?
A. No.
Q. Okay. Would you have first started 

meeting people on the 3rd?
MS. WAGSTAFF: Object to the form.

A. Yes.
BY MR. GRIFFIS:

Q. Do you remember when you got into Lyon?
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P age  42 P age  43
1 A. March 2nd. 1 4th, 5th, and 6th, something called a coronating
2 Q. Okay . And did you not head over to IARC 2 meeting for the co-chairs and subgroup chairs,
3 until March 3rd? 3 correct?
4 A. Correct. 4 A. Yes.
5 Q. All right. And when did you leave Lyon? 5 Q. Were you involved in that?
6 MS. WAGSTAFF: I am going to object to 6 A. No.
7 these questions. This has nothing to do with 7 Q. Okay. And so the subgroup sessions --
8 the requested discovery of the mechanisms, 8 there were 11 of them that you attended; is that
9 subgroup conclusions about glyphosate — when 9 right?

10 he arrived and when he left Lyon. You're 10 MS. WAGSTAFF: Objection. Foundation.
11 just badgering the witness. 11 Doesn't even show how it was followed.
12 BY MR. GRIFFIS: 12 A. There are 11 subgroup sessions listed on
13 Q. Go ahead, sir. 13 this.
14 A. Wednesday, March 11th. 14 BY MR. GRIFFIS:
15 Q. Okay. And when you talked earlier about 15 Q. Did you go to all of them?
16 introductions, meeting people, was that during the 16 A. Yes.
17 opening session of March 3rd, sir? 17 Q. Were there subgroup sessions that were
18 A. Correct. 18 held that weren't listed on this on the itinerary?
19 Q. Now, there were — there were a number 19 A. We would meet to -- if there was an
20 of subgroup sessions listed on the 3rd, 4th, 5th, 20 important topic that needed to be raised within
21 6th, and 7th of March. 21 the subgroup outside of this 11.
22 What is a subgroup sessions? 22 Q. What percentage of the working group 4's
23 A. These are the times where each subgroup 23 time was spent on glyphosate as opposed to one of
24 meets together to evaluate the drafts. 24 the other four pesticides under review?
25 Q. And there's also evenings of the 3rd, 25 A. So we had five compounds. I would

P age  44 P age  45
i estimate we spent 20 percent o f them the time. i A. I don't believe so. He — no. I don't
2 Q. About evenly divided? 2 think he was.
3 A. Yes. 3 Q. Did you witness people going off into
4 Q. And what percentage of that time would 4 those meetings, or were you off doing your own
5 you have spent talking about the issues of 5 thing by then?
6 genotoxicity and oxidative stress? 6 A. No. I didn't witness.
7 A. In the subgroup sessions a lot of the 7 Q. All right. Mr. Portier is listed as an
8 time was spent on those issues. 8 invited specialist for group 4. That's in the
9 Q. Lot of the glyphosate time would been 9 Exhibit 7 ,1 believe, sir.

10 spent on those two issues? 10 What was your understanding o f what
11 A. Correct. 11 he was an invited specialist for, for group 4?
12 Q. Okay. All right. And who was involved 12 A. So Dr. Portier is a biostatistician, and
13 on behalf of group 4 in coordination meetings? 13 he was invited as a specialist to help peer review
14 A. You are referring to the meeting at the 14 the tox cast data that was being presented.
15 end the coordination meeting for cochairs? 15 Q. For any other purpose9
16 Q. Meeting at the end of early of days the 16 A. Not that I am aware of.
17 3rd, 4th, 5th, 6th. That says coordination 17 Q. Did he speak to your group, address your
18 meeting for die cochairs and subgroup chairs? 18 group about issues other than tox cast data?
19 A. That would have been our subgroup chair 19 A. He acted as a peer reviewer.
20 of group 4. 20 Q. If he were to give an opinion to the
21 Q. Dr. Rusyn? 21 group on the subject of biostatistics and a
22 A. Dr. Rusyn would have been participating 22 analysis — a reanalysis of biostatistics, would
23 in those. 23 you be qualified to evaluate die scientific merit
24 Q. Do you know if Chris Portier was at 24 of that opinion?
25 those? 25 MS. WAGSTAFF: Objection. Calls for
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speculation and hypothetical. You can't just 
say any opinion Chris Portier gives.
A. I'm not a biostatistician. It's not my 

area of expertise.
BY MR. GRIFFIS:

Q. Okay. So if Chris Portier or another 
biostatistician gives a biostatistics opinion, you 
wouldn't be qualified as a peer to second guess 
that opinion.

Is that fair?
MS. WAGSTAFF: Objection. Hypothetical. 

Calls for speculation. You don't know what 
opinion you're talking about.
A. Yeah. It would depend on the 

conversation. Clearly, I can understand the 
importance of statistical significance and whether 
an effect is statistically significant, but my 
area of expertise was on toxicokinectics.
BY MR. GRIFFIS:

Q. You were focused on the toxicokinetics 
during these conversations and not on 
biostatistics or the other areas listed.

Is that fair?
MS. WAGSTAFF: Objection. Misstates the 

record. That's not what the deponent said.
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Page 48

A. My main responsibility was the 
toxicokinetic sections.
BY MR. GRIFFIS:

Q. Were you asked by IARC to read their 
preamble

Do you know what I'm talking about 
when I say the preamble?

A. Yes. And I did read it.
Q. Okay. You were asked by IARC to read 

that?
A. Yes.
Q. Okay. As part of your preparation for 

to participate in working group 112?
A. Correct.
Q. What was your understanding of the 

purpose for your review of the preamble and how it 
was to guide you if it was?

A. Repeat the question.
Q. Yes, sir. What was your understanding 

of — I will make it a little simpler.
What was your understanding of why 

you were being asked to review the preamble?
A. It is a guiding document for how the 

meeting is run, how we evaluate the information, 
the data that we asked to review. And it provides

P age  49

a rubric for how the classifications are made. 
(Exhibit No. 13-10 marked for 
identification.)

BY MR. GRIFFIS:
Q. Marked as exhibit 10 is a copy of the 

IARC preamble.
That is what you reviewed, sir?

A. This says 2006. I don't know if there 
was a -  what -  if this was the actual document. 
But the preamble -  whatever they have on their 
website -  they have it on their website -  is 
what we read. And they had this a hard 
document -  a hard copy on the first day of the 
meeting.

Q. Okay. So everybody would have to read 
it in advance, and everyone was also given a hard 
copy on the first day; is that right?

A. Correct.
Q. Okay. And one tiling you just told me 

earlier is that this provided a rubric for your 
evaluation.

Would you explain what you mean by 
a rubric for your evaluation?

A. In terms of mechanistics subsection, 
there were key characteristics of carcinogens that
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were evaluated. There's ten key characteristics.
And we were asked to provide — as a subgroup to 
provide qualitative descriptors of strong, 
moderate, or weak in terms of the evidence for 
each particular character — key characteristic.

Q. Okay.
A. It...
Q. Sorry. Were you done?
A. Yes.
Q. Okay. So there were ten key 

characteristics.
And these are different categories 

of mechanism: is that right?
A. These are — yes. Different categories, 

different mechanisms by which a carcinogen may act 
to cause human cancer.

Q. Do you know the source of those ten 
characteristics?

A. There is an environmental health 
perspectives study or paper that lays out the ten 
key characteristics. It is in the published 
literature

Q. Okay. Do you know when that was 
published''

A. I believe it was in 2016.

TSG Reporting - Worldwide 877-702-9580 13



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 15 of 398

Page 50 Page 51

1 Q. Okay. Do you know if it was published 1 Weak?
2 before or after your working group met? 2 A. The qualitative descriptors?
3 A. It — this is — the formal document 3 Q. Yes. The qualitative descriptors.
4 came out in 2016, but the characteristics were 4 A. Those were weak, moderate, or strong.
5 listed on the IARC website where somewhere IARC 5 And those come from the preamble.
6 had a listing of these key characteristics that 6 Q. Okay. And so for each of the ten — so
7 the subgroup was charged with evaluating. 7 any study would be divided into one or more of the
8 Q. Do you know if those had been submitted 8 key characteristics and used to evaluate mechanism
9 to the publication in peer review process before 9 under the rubric of that characteristic; is that

10 working group 112 met? 10 fair?
11 A. I don't recall that. 11 MS. WAGSTAFF: Objection. Misstates the
12 Q. It was published in 2016. 12 testimony.
13 You don't know when might been peer 13 A. There — the papers that were related to
14 reviewed; is that right? 14 genotoxicity — the evidence based on genotoxicity
15 A. I don't — 15 or oxidative stress were bin — so papers within
16 MS. WAGSTAFF: Objection. He said that 16 those — since those are the two characteristics
17 the ten key characteristics were listed on 17 that were deemed strong, those papers were within
18 the IARC website. That has nothing to do 18 each of those bins.
19 with whether or not it was published. 19 BY MR. GRIFFIS:
20 Because some author decided to turn it into a 20 Q. Okay. And so it would be sorted into
21 publication is irrelevant. 21 the ten bins. And then as to each bin, the group
22 BY MR. GRIFFIS: 22 was asked to conclude one of three things: Weak,
23 Q. And the classifications that you could 23 moderate, or strong; is that right?
24 give for each of the ten characteristics were — 24 MS. WAGSTAFF: Objection. Misstates the
25 repeat them, please. 25 testimony.

P age 52 P age 53

1 A. We didn't — if the evidence was weak, 1 A. We spent approximately equal time on all
2 we didn't — we didn't have to spend a lot of time 2 compounds.
3 on that evidence. If it was strong, there was a 3 Q. So is it fair to say that your working
4 clearly — in the monograph, there was a statement 4 group, when it was working together, did the
5 to that effect, that the evidence was strong based 5 equivalent of about a day's work on glyphosate
6 on the evidence — the papers were deemed 6 during work group 112?
7 important. 7 MS. WAGSTAFF: Objection. Misstates the
8 BY MR. GRIFFIS: 8 record. Who knows what a day's work means.
9 Q. Well, all I'm asking you right now, 9 A. We had several days on glyphosate.

10 though, is your three choices were weak, moderate, 10 BY MR. GRIFFIS:
11 and strong, right? 11 Q. And those same days were also spent on
12 A. Those were our descriptors. 12 other substances, right?
13 MR. GRIFFIS: Okay. Take a break at 13 A. There were other substances discussed in
14 this point. 14 a given day.
15 VIDEOGRAPHER: All right. Off record at 15 Q. When I say one day's work, I didn't mean
16 10:44 a.m. 16 to suggest to you set aside one particular day to
17 (A short recess was taken.) 17 focus on that and moved on. I was trying to get a
18 VIDEOGRAPHER: Back on record, 10:56. 18 sense of, over this week, how much total work went
19 BY MR. GRIFFIS: 19 into it? Was it about a day's work —
20 Q. Dr. Ross, you told us earlier that your 20 MS. WAGSTAFF: Object to the form.
21 group divided its lime pretty evenly among the 21 BY MR. GRIFFIS:
22 five substances that were being reviewed, 22 Q. — divided over multiple days?
23 including glyphosate. 23 MS. WAGSTAFF: Same.
24 So you estimated about 20 percent 24 A. It was more than one day's work.
25 of your time was spent on glyphosate, right? 25
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1 BY MR. GRIFFIS: 1 A. I don't recall how many days. There
2 Q. Okay. There were — 2 were several days we were meeting to — with each
3 A. Several days work. 3 of the compounds. And I don't recall the exact
4 Q. How many days — during how many of 4 number of days that we've — that we were on
5 these days was work done on? I am looking at 5 glyphosate.
6 Exhibit 9, the timetable. 6 BY MR. GRIFFIS:
7 A. It doesn't say which — for each 7 Q. Well, the 3rd through the 10th is seven
8 subgroup sessions, it doesn't say which compounds 8 days. Fair?
9 we were working on at the time. 9 A. Yeah. Yeah. Eight days if you count

10 MS. WAGSTAFF: I'm going to object 10 Tuesday.
11 also — Dr. Ross said they met at night when 11 Q. Okay. Do we count Tuesday? Was
12 needed. 12 substantive work done on Tuesday?
13 BY MR. GRIFFIS: 13 A. Yes.
14 Q. So there was actual work done on March 14 Q. Okay. Eight days total were spent in
15 3rd, on March 4th, on March 5th, on March 6th, 15 Lyon doing this work, right? Five substances were
16 correct? 16 involved. And you told us your work was divided
17 A. Subgroups, 3rd, 4th, 5th, and 6th, 7th, 17 evenly?
18 we met in subgroup. Those were the times we were 18 MS. WAGSTAFF: G oing-
19 meeting in subgroup. There was work being done on 19 BY MR. GRIFFIS:
20 Sunday. There was reading over drafts. There was 20 Q. Can we conclude that the amount of work
21 work being done in the evening. 21 done on glyphosate was eight divided by five?
22 Q. How many total — on how many total days 22 MS. WAGSTAFF: I'm going to object to
23 during your time in Lyon was work being done on 23 this question on the suggestion that all the
24 glyphosate? 24 work was done in Lyon. He has testified
25 MS. WAGSTAFF: Object to the form. 25 numerous times that months of work were put

Page 56 P age  57

1 into this prior to the meeting. i that the entire group was focusing on oxidative
2 A. We had our assignments six months before 2 stress or the entire group was focusing on
3 the meeting. So there was six months of work 3 genotoxicity or the entire group was focusing on
4 being done before we met in Lyon. 4 any other of the ten characteristics that were
5 BY MR. GRIFFIS: 5 binned with regard to glyphosate prior to meeting
6 Q. Yes, sir. 6 in Lyon; is that right?
7 You testified you worked on the 7 MS. WAGSTAFF: Objection. Dr. Ross
8 toxicokinetic data and that you did a peer review 8 can't testify to what other panelists were
9 that took two to three hours of work. Let me - 9 focusing on.

10 let me clarify something. It's a point I made a 10 A. My focus was on the toxicokinetics.
11 little earlier, but I didn't ask you in that last 11 That is what I was responsible for. And I was
12 question. 12 responsible for peer reviewing the draft on
13 When the group was working 13 oxidative stress prior to the meeting.
14 together, in whole group work together, the total 14 BY MR. GRIFFIS:
15 amount of time you could spent on glyphosate, 15 Q. So prior to the meeting, you spent about
16 given your testimony, working together, would have 16 two to three hours peer reviewing the oxidative
17 been eight days divided by five substances; is 17 stress draft.
18 that right? 18 And other than that, you were
19 MS. WAGSTAFF: Objection. Misstates the 19 focusing on solely toxicokinetic data prior to
20 testimony. 20 showing up at IARC, right?
21 A. Repeat the question now. 21 MS. WAGSTAFF: Objection. Misstates
22 BY MR. GRIFFIS: 22 testimony.
23 Q. Okay. And let's first address the work 23 A. I was working on peer reviews of other
24 before you showed up. 24 compounds -  others than were not related to
25 It would not have been the case 25 glyphosate.
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1 BY MR. GRIFFIS: l A. I did not review the genotox —
2 Q. Okay. I do mean to limit myself to 2 BY MR. GRIFFIS:
3 glyphosate in that question. 3 Q. You weren't included — sorry.
4 A. So the peer — when I say the peer 4 A. No.
5 review takes two to three hours, that's just the 5 Q. You weren't included in any discussions
6 reading of the document. That does not include 6 by the rest of the working group on genotox or
7 the amount of time in responding point by point to 7 oxidative stress or anything else that took place
8 the author. 8 before showing up in Lyon; is that right?
9 Q. How much time did you take doing that? 9 MS. WAGSTAFF: Object to the form.

10 A. Must have — oh, at least a day. And I 10 A. The oxidative stress I had a — I had
11 did - -1 did look up some methodology papers and 11 peer reviewed the draft before attending Lyon.
12 some of the -- some of the citations I did look up 12 BY MR. GRIFFIS:
13 what type of method they were using for their 13 Q. Yes, sir. But the entire working group
14 oxidative stress measurements. So that would take 14 was not exchanging communications about the
15 some time, as well. 15 oxidated stress or genotox or anything else as a
16 Q. How much additional time? 16 group prior to showing up in Lyon; is that right?
17 A. That probably would take about an horn 17 A. In terms of myself, I wasn't sharing
18 to two hours look at that information. 18 except for the peer review of the oxidative
19 Q. So about a day and half total work for 19 stress. There may been others who had
20 the peer-review process work for oxidative stress? 20 interactions before the meeting, but I am not
21 A. Roughly, yes. 21 aware of that.
22 Q. Okay. And you've — you were not 22 Q. Can't have been the whole group because
23 focused on the genotox prior showing up in Lyon; 23 you were part of the whole group, and you didn't
24 is that correct? 24 see it?
25 MS. WAGSTAFF: Objection to the form. 25 A. As a group, we met in Lyon to go through
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1 the drafts. That was the first time we were all 1 morning of Wednesday, March 4th, and it was called
2 together. 2 evaluation criteria, right?
3 Q. Okay. And as a group, the total amount 3 MS. WAGSTAFF: I'm going to go ahead and
4 of time you could have spent was about eight days 4 object to questions about plenary sessions,
5 divided by five substances on glyphosate; is that 5 as Monsanto had an employee there. And,
6 fair? 6 also, the request for this deposition was to
7 MS. WAGSTAFF: Object to form. He 7 "explore the mechanism subgroup's conclusions
8 stated that they spent 20 percent of the 8 about glyphosate."
9 subgroup session. He also stated they worked 9 A. The question — repeat your question.

10 at night and evening. He never said that was 10 BY MR. GRIFFIS:
11 20 percent. 11 Q. Yes, sir.
12 A. We — there were some nights we would 12 The first plenary session on the
13 work on — I would work on one compound through 13 morning of Wednesday, March 4th — which is held
14 the night, glyphosate. So I can't — I don't know 14 on the morning of Wednesday, March 4th, was on the
15 the exact number of hours on glyphosate — 15 subject of evaluation criteria, correct?
16 BY MR. GRIFFIS: 16 A. Yes.
17 Q. Okay. 17 Q. Was the preamble presented and discussed
18 A. — during the eight days. 18 at that session?
19 Q. There were plenary sessions in addition 19 A. Yes.
20 to the subgroup sessions, correct? 20 Q. W ho-
21 A. Yes. 21 A. And it was presented on March 3rd, as
22 Q. What is a plenary session? 22 well.
23 A. Where all of the four subgroups come 23 Q. All right. Who was the speaker or
24 together. 24 speakers at that session?
25 Q. And the first plenary session was on the 25 MS. WAGSTAFF: Same objection.
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1 A. Dr. Straif. l A. In general, yes.
2 BY MR. GRIFFIS: 2 Q. Okay.
3 Q. Dr. Kurt Straif? 3 A. It was the subgroup chair ~
4 A. Yes. 4 Q. Did anyone else -
5 Q. And was he the only speaker? 5 A. -  present -
6 A. As I recall, yes. 6 Q. Sorry.
7 Q. What did Dr. Straif tell you about the 7 A. I don't recall anyone else presenting.
8 criteria that you were to employ in evaluating the 8 Q. And what would the subgroup chairs —
9 substances? 9 what sort of thing would they report on? Let's

10 A. If it is in the preamble. 10 just confine ourselves to mechanism.
11 Q. So he told you that the methodology that 11 What would Dr. Rusyn report on to
12 should be applied during your review was what was 12 the other groups?
13 set forth in the preamble, sir? 13 A. So i f -
14 A. Yes. 14 MS. WAGSTAFF: Objection. Calls for
15 Q. The next two plenary sessions, the 15 speculation.
16 mornings of the 5th and 6th were called progress 16 A. He would report on, in terms of the ten
17 report. 17 key characteristics, which of those ten might have
18 What happened at the progress 18 evidence that would be considered strong,
19 report plenary sessions? I don't mean tell me 19 moderate, or weak.
20 everything anyone said. But, in general, what was 20 BY MR. GRIFFIS:
21 the point of the progress report meeting? 21 Q. You were at all of these sessions,
22 A. A brief report on the previous day's 22 right?
23 meetings amongst subgroups. 23 A. Yes.
24 Q. Did the subgroup chairs present at those 24 Q. Okay. The evening of Friday, March 6th,
25 meetings? 25 there was a plenary session called overview
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1 discussion. 1 or Exhibit No. 3?
2 What was that about? 2 A. Yes.
3 A. Plenary session overview was before the 3 Q. Okay. You had a spiral notebook, and
4 group as a — as the plenary session, it was 4 you would take notes by hand as to what was
5 the -- it was the general overview of the 5 happening that struck your interest.
6 evaluations of each compound. We had not met to 6 Is that fair?
7 go through the document line by line at that 7 A. I don't — the term "strike my
8 point. 8 interest," I -  that's not relevant.
9 Q. The two progress reports that we just 9 Q. Okay. Well, you would choose what to

10 talked about on the morning of the 5th and 6th 10 write down and what not to write down, like anyone
11 were scheduled to be ten minutes long. 11 does who's taking notes is all I meant.
12 Were those, in fact, short 12 A. Yes.
13 meetings? 13 Q. Okay. Exhibit 11.
14 A. Yes. 14 (Exhibit No. 13-11 marked for
15 Q. And then the evening session, the 15 identification.)
16 overview discussion was an hour and 45 minutes. 16 BY MR. GRIFFIS:
17 right? 17 Q. What I've marked as Exhibit 11 is from
18 A. Yes, roughly. I don't remember the 18 your spiral notebook, and these are notes from the
19 exact time. 19 evening session on March 6th; is that right?
20 Q. Okay. Now, while you were in Lyon, you 20 Titled "plenary general remarks"?
21 were taking notes about the proceedings on the 21 A. Yes.
22 spiral bound notebook, and you produced some of 22 Q. Okay. Now, this notebook —
23 those. Produced, again, meaning you turned them 23 MS. WAGSTAFF: Objection. Those are
24 over to your lawyers, and they did what they did 24 from the evening session. There was two
25 with them in response to request No. 3, right -- 25 plenary sessions on March 6th.
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1 BY MR. GRIFFIS: 1 have been writing about something you were doing
2 Q. The morning session was ten minutes 2 in your lab or some other meeting that you went
3 long, and the evening session was much longer. 3 to; is that right?
4 Which one was this? 4 A. Yes. You might have seen lab — lab
5 MS. WAGSTAFF: If you know. 5 data that I had been working on.
6 A. I don't recall if it was from the 6 Q. Y o u -
7 morning or the evening. 7 A. Unrelated to volume 112.
8 BY MR. GRIFFIS: 8 Q. Sure. As one way of organizing your
9 Q. Okay. We have four pages of notes, 9 life, you keep a notebook keeping track of wrhat

10 right? 10 you did and observed on various days?
11 A. I don't recall which one it was from. 11 A. Yes.
12 Q. Okay. This is from one of the plenary 12 Q. Okay. So you pulled out the relevant
13 meetings of March 6th? 13 notebook for when we provided you with that
14 A. It's from March 6th. That's my... 14 document request, Exhibit 3. You pulled out the
15 Q. I'd like to talk about the notebook for 15 relevant notebook and had copied the pages that
16 a minute. Was this notebook only — and these 16 pertained to working group 112; is that right?
17 questions are about the process that you went 17 A. Yes.
18 through to respond to our request in document 18 Q. Were there any notes from working group
19 No. 3, the subpoena for production of documents. 19 112 that you didn't have copied?
20 Was this notebook devoted only to 20 A. I provided everything that I had
21 working group 112, or is it also a notebook that 21 regarding volume 112.
22 you used for other purposes? 22 Q. You provided those to your lawyers?
23 A. It — it was my — it was a general 23 A. Yes.
24 notebook. 24 Q. Okay. And do you know whether they
25 Q. So if we look back in February you might 25 applied any selection process in deciding what to

P age  68 P age  69

1 send or not? 1 BY MR. GRIFFIS:
2 MR. WHITE: Only to your knowledge. 2 Q. Does the assignment list help you with
3 BY MR. GRIFFIS: 3 that?
4 Q. Y eah. I am j ust asking if  you know. 4 A. I think the list of participants says
5 A. No. I don't know. 5 who the subgroup chairs are.
6 Q. Okay. And now let's go through your 6 Q. Okay. The list of participants that we
7 notes here, sir. Group 1, exposure. 7 had from you was just for working group 4.
8 Group 1 was the exposure group, 8 A. Let me just find — which exhibit?
9 right? 9 Q. Exhibit 8 is the one I was talking

10 A. Yes. 10 about, the one with the blue and white — I see it
11 Q. Who was presenting as the head of group 11 here.
12 1? 12 A. Oh, this one.
13 A. In this regard, these progress reports 13 Q. No. There.
14 are general remarks that would have been the 14 A. Oh, this one. Okay.
15 subgroup chair. 15 Q. Just see if that helps you remember who
16 Q. Do you remember who that was? 16 the chair was.
17 A. For exposure, I'd have to look at the 17 A. Trying to remember. I don't recall the
18 participant list. 18 group 1 subchair.
19 Q. Okay. We have it. It's Exhibit 8. 19 Q. Okay. That's fine, sir. The group 1
20 MS. WAGSTAFF: Exhibit 8 is die 20 chair, whoever that was, was reporting on exposure
21 assignment list. 21 assessment as a yes/no process, correct?
22 MR. GRIFFIS: Yeah. The assignments is 22 MS. WAGSTAFF: Object to the form.
23 the closest we have to one with group 1 on 23 A. They — yes or no? I don't know what
24

25
it. 24

25
you — can you rephrase that?
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1 BY MR. GRIFFIS: l specifics.
2 Q. Well, you wrote yes/no. 2 Q. The undergroup 2, which is epidemiology.
3 What did you mean? 3 do you recall that being headed by Aaron Blair?
4 A. I don't recall what I meant there. 4 A. Dr. Blair was the chair of the whole
5 Q. Okay. And you mentioned the 5 committee.
6 Agricultural Health Study. 6 Q. Okay.
7 What point was made at this plenary 7 A. Of the whole group.
8 session about the Agricultural Health Study with e Q. Do you know Dr. Blair?
9 prior exposure assessment? 9 A. I had met him one other time as a -- as

10 A. I don't recall. I don't know what 10 a member of the Ag Health Study. He was an
11 compound this is — this is relates to, which of 11 emeritus faculty at NCI. I had met him one time
12 the compounds. 12 before the Lyon meeting.
13 Q. If you'll see, sir, on the first two 13 Q. Okay. And CL
14 pages were devoted to what looked like general 14 What is Cl?
15 comments. And then the next two pages were 15 A. National Cancer Institute.
16 talking about specifics of various compounds. You 16 Q. NCI. Okay. Thank you.
17 have compounds listed over and over again on the 17 So I saw on Page 1 of your notes
18 last two pages and compounds generally not broken 18 from the March 6th plenary session, sir. And it
19 out at the bottom of Page 1 early on. 19 mentions — says group 2, epidemiology, and then
20 So do you recall from this session 20 Agricultural Health Study. And then there's a
21 being given, first, an overview of the processes 21 list of exposure assessments below for TCPBP.
22 that each group was going through and assessing 22 There's parathion, malathion, and glyphosate.
23 the data and then some specific findings? 23 Are those the exposure assessments
24 A. They were giving overviews at their 24 from the Agricultural Health Study?
25 evaluations of their drafts. I don't remember 25 A. No.
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1 Q. What are they from? i subgroup 2 or subgroup 1 to any significant
2 A. Those — those — these five compounds. 2 extent.
3 Those — that doesn't relate to the Agricultural 3 BY MR. GRIFFIS:
4 Health Study. 4 Q. Okay. So you didn't have any
5 Q. What does it relate to? 5 substantive scientific interactions with members
6 A. I believe these were the preliminary 6 of those other subgroups as part of working group
7 evaluations of the epidemiology group. 7 112.
8 Q. As to glyphosate, it says, "Limited for 8 Is that fair?
9 NHL and inadequate for multiple myeloma;" is that 9 MS. WAGSTAFF: Object to the form.

10 right? 10 A. My main responsibility was to evaluate
11 A. That's right. 11 the toxicokinetic data for the five compounds that
12 Q. Okay. Now, if you turn over to the 12 were charged.
13 section on group 3, animal studies, do you recall 13 BY MR. GRIFFIS:
14 who was presenting for that? 14 Q. Okay. So is the answer, no, you didn't
15 A. The group — the animal subgroup was 15 have substantive scientific interaction with the
16 led — the subgroup chair was Dr. Jameson. 16 other three groups?
17 Q. Did you have interactions with the other 17 MS. WAGSTAFF: Same objection.
18 subgroups other than sitting in on the plenary 18 A. I wouldn't call it -- we didn't have
19 sessions? 19 substantive talks. We had discussions. I
20 A. We interacted at coffee breaks, yes. 20 would -  substantive. I don't know. I can't
21 Q. Okay. And I mean, other than rubbing 21 characterize. That's hard for me to characterize.
22 shoulders socially, did you have substantive 22 BY MR. GRIFFIS:
23 scientific interactions with the other subgroups? 23 Q. And I don't know if this is the thing
24 MS. WAGSTAFF: Object to the form. 24 that's getting you tangled up, but I'm talking
25

—

A. I was not involved in subgroup 3 or 25 about as part of an analysis of carcinogenicity of
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1 these five substances, what you were all there 1 interactions?
2 for. 2 MS. WAGSTAFF: Same objection.
3 Rather than talking scientist to 3 A. I can't recall him...
4 scientist about something of mutual interest; that 4 BY MR. GRIFFIS:
5 wasn't what you were there for, right? 5 Q. When your group met each day, did
6 MS. WAGSTAFF: Object to the form. 6 Dr. Rusyn report on what had happened the evening
7 A. So I did not have substantive discussion 7 before during the closed coordination meetings for
8 with the group 3 scientists regarding the cancer 8 the co-chairs and subgroup chairs?
9 bioassay data on glyphosate. My charge was 9 A. Perhaps in general terms, but I — I

10 toxicokinetics. 10 can't remember specifics.
11 BY MR. GRIFFIS: 11 Q. Okay. Do you know if Kurt Straif was
12 Q. And did you have substantive 12 present at those coordination meetings?
13 interactions with group 1 or group 2 with regard 13 A. I can't speak for these coordination
14 to the carcinogenicity of glyphosate or the issues 14 meetings. These are the evening coordination
15 they were evaluating with regard to glyphosate? 15 meetings between the subgroup chairs —
16 A. Not that it impacted any of the 16 Q. Yes.
17 evaluations. 17 A. — and the overall chair of the meeting?
18 Q. Okay. Do you know if Dr. Rusyn had 18 I can't speak because I wasn't
19 substantive interactions with other groups, 19 present at those — at those meetings.
20 particularly with group 3? 20 Q. You didn't hear from Dr. Rusyn or anyone
21 MS. WAGSTAFF: Objection. Speculation. 21 else about who was present or who was leading
22 How would he know what Dr. Rusyn did? 22 those meetings?
23 A. I can't recall. 23 A. I presume Dr. Straif was there. But
24 BY MR. GRIFFIS: 24 I — again, I assume he was —
25 Q. Did Dr. Rusyn talk about having such 25 MS. WAGSTAFF: Objection.
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1 A. Yeah. 1 Q. Okay. And now on the top o f the third
2 BY MR. GRIFFIS: 2 page, you again start listing group 1, group 2,
3 Q. Okay. You would presume so, but you 3 group 3, group 4. And it appears that you've —
4 don't know? 4 you're talking about the evidence that was
5 A. I wasn't at the meeting. 5 presented as to parathion from 1, 2, 3, and 4,
6 Q. Yes, sir. 6 correct?
7 Under group 4, on the second page 7 A. Yes.
8 of your notes, sir, Exhibit 11, it says, "group 8 Q. And then malathion?
9 4," and then you wrote, "ten key characteristics 9 A. Correct.

10 of agents that cause cancer," correct? 10 Q. And then diazinon?
11 A. Sorry. You're on page -  which page? 11 A. Diazinon. Where is dizainon?
12 Q. Second page. 12 Q. The top of the next page.
13 A. The second page. Okay. Ten key 13 A. Top of Page 4? Okay. Diazinon, yeah.
14 characteristics of agents -- yes. 14 Okay.
15 Q. So this would have been a -  part of a 15 Q. Okay. And then towards the bottom of
16 presentation by Dr. Rusyn? 16 that page, you started talking about glyphosate,
17 MS. WAGSTAFF: Objection. Foundation. 17 right?
18 A. Yes. 18 A. Yes.
19 BY MR. GRIFFIS: 19 Q. Okay. Now, tetrachlorvinphos, was -
20 Q. Okay. And the ten key characteristics 20 did you take notes on that and just not provide
21 of agents that cause cancer this is what you 21 them to us, or not -  or what do you know?
22 alluded to earlier as the ten bins into which you 22 A. There's something on TCBP. There's -
23 were to sort and analyze the mechanism of the 23 on Page 2, there's some — I have some notes on
24 evidence part of your methodology, right? 24 TCBP.
25 A. Correct. 25 Q. But not broken down by the four groups
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1 like for the other substances, right? l BY MR. GRIFFIS:
2 A. No. 2 Q. And that is your understanding?
3 Q. Okay. Let's talk about the glyphosate 3 A. The AHS study. The AHS study, that was
4 notes on Page 4. Group 1. The report from group 4 a negative result.
5 1 share on glyphosate was — that you wrote down 5 Q. Talking — when you say the AHS study a
6 was "detectable in water and food," correct? 6 negative result regarding glyphosate, are you
7 A. Yes. 7 talking about the DeRoos 2005 pubhcation?
8 Q. Okay. For group 2, the report was 8 A. No. No. No. No.
9 glyphosate negative non-Hodgkin's lymphoma. Case 9 Q. Tell me what you --

10 control, glyphosate, arrow, non-Hodgkin's 10 A. At AHS, there was a negative
11 lymphoma, right? 11 association, but there was a case control study
12 MS. WAGSTAFF: Object to the form. 12 that showed a positive association.
13 A. This — this is what I wrote. 13 Q. Which study is that, if you recall?
14 BY MR. GRIFFIS: 14 A. I don't recall the citation.
15 Q. And what's your recollection of what 15 Q. Okay.
16 that meant? 16 A. But it's in the monograph.
17 A. I don't recall. 17 Q. Yes, sir. Group 3. You wrote as your
18 Q. Okay. And you also wrote AHS negative 18 report from — you wrote down from the group 3
19 data, correct? 19 report, "glyphosate limited to inadequate,"
20 A. I did. 20 correct?
21 Q. And it is your understanding that AHS 21 A. Yes.
22 data was negative with regard to association with 22 Q. Okay. So was it the finding of the
23 glyphosate? 23 group 3 group at that time that the evidence of
24 MS. WAGSTAFF: Object to the form. 24 carcinogenicity of glyphosate was limited to
25 A. That is correct. 25 inadequate in animal studies?
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1 MS. WAGSTAFF: Object to the form. 1 attended multiple plenary sessions where you got
2 A. So I don't recall the specific 2 progress reports.
3 discussion at this stage. This was early 3 Your understanding, halfway
4 preliminary discussions. The meeting was only 4 through, was that group 3 was trending towards
5 halfway through. So this was just a preliminary 5 limited to inadequate, as far as the animal
6 note in a plenary session. 6 studies point; is that correct?
7 BY MR. GRIFFIS: 7 MS. WAGSTAFF: Object to form and
8 Q. Yes, sir. Halfway through the group 8 foundation.
9 3 -  group 3 had found limited to inadequate 9 A. They were only halfway through. They

10 evidence of carcinogenicity of glyphosate. 10 had not completed their evaluation. We hadn't
11 correct? 11 even gone through the monograph as a whole -  as
12 MS. WAGSTAFF: Object to fonn. There's 12 a -  in plenary session line by line. So I don't
13 no foundation that that's what group 3 13 I - 1 don't know which way they were trending at
14 actually found at that point. 14 this point.
15 A. I wasn't on group 3, so I wasn't privy 15 BY MR. GRIFFIS:
16 to their discussions. 16 Q. What you wrote down from their report
17 BY MR. GRIFFIS: 17 was "limited to inadequate," right?
18 Q. That was reported to everybody at the 18 A. That's what I have written down.
19 plenary session; is that right? 19 Q. And that would have been them, not you,
20 A. I don't remember — 20 because were not involved with group 3, as you
21 MS. WAGSTAFF: Objection. 21 just said?
22 A. -  the context, but this is what I 22 A. My main focus was on the toxicokinetics
23 wrote. 23 in group 4.
24 BY MR. GRIFFIS: 24 Q. You didn't get involved with any
25 Q. Well, you participated in this, and you 25 evaluation of the animal studies.
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1 Is that fair or not? 1 reported as to group 4's findings at that point?
2 MS. WAGSTAFF: Objection to the word 2 A. I don't recall.
3 "involved." 3 Q. Okay. And can you tell the jury, since
4 A. I was not in subgroup 3 -  in their 4 you were involved in all of these subgroup
5 subgroup 3 discussions regarding the 5 sessions for group 4, how group 4's thinking
6 carcinogenicity of glyphosate in animals. 6 evolved over the course of work group 112?
7 BY MR. GRIFFIS: 7 MS. WAGSTAFF: Object to the form.
8 Q. Well, was the carcinogenicity of 8 A. On which compound? On -
9 glyphosate in whole animals discussed in group 4? 9 BY MR. GRIFFIS:

10 A. I don't recall specifically. I don't 10 Q. Glyphosate.
11 recall whether the animal cancer bioassay data was 11 A. Glyphosate?
12 discussed explicitly in our subgroup. 12 Q. Yes, sir.
13 Q. Was human evidence -  by humans, I mean 13 A. Okay. So the group was leaning towards
14 whole humans -  discussed in your group? 14 looking at the data on the genotoxicity and
15 A. It wasn't in our subgroup. 15 oxidative stress of glyphosate and in evaluating
16 MS. WAGSTAFF: Object to the form. 16 that particular data. Because we concluded at the
17 BY MR. GRIFFIS: 17 end -  by the end, we had concluded that the
18 Q. I'm sorry. I didn't hear your answer. 18 evidence was strong for those two key
19 A. We were focused on mechanisms. I was -- 19 characteristics.
20 as a subgroup, we were focused on mechanisms. I 20 Q. Yes, sir. Over the — over time, how
21 was focused on toxicokinetics. 21 did you evolve to the point of concluding there
22 Q. For group 4 -  I'm going back to Exhibit 22 was strong as to those two characteristics?
23 11 here, sir. For group 4, you just wrote 23 A. I wouldn't use the word "evolve." I
24 glyphosate. 24 think the evidence was presented early on in the
25 Do you recall what was being 25 meeting that it was strong. I don't think there
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1 was an evolution in that thinking. 1 Q. So your -  please correct me if  I'm
2 Q. Okay. Were you always — was your group 2 wrong.
3 always leaning towards the 2-A finding? 3 But your task, as part of subgroup
4 MS. WAGSTAFF: Object to the form. 4 4, the subgroup 4 task was to make an evaluation
5 A. Say that again one more time. 5 within the ten key cancer characteristics — the
6 BY MR. GRIFFIS: 6 ten bins that we talked about earlier as to weak,
7 Q. Yes. The ultimate evaluation of IARC 7 limited, or strong?
8 was to classify glyphosate as 2-A, correct? 8 A. Correct.
9 A. That was the ultimate finding, yeah. 9 Q. Okay. And then that would go to the

10 Q. And was that always group 4's view, or 10 group as a whole to see what to do with that
11 did that change over time? 11 information.
12 MS. WAGSTAFF: Object to the form. 12 Is that fair?
13 A. That was not always group 4's view, no. 13 A. We would give descriptors to the
14 BY MR. GRIFFIS: 14 evidence regarding these to ten key
15 Q. Tell me how — 15 characteristics and summarize that, and it would
16 A. Because we — 16 be presented to the preliminary group.
17 Q. -  group 4 changed over time. 17 Q. And your conclusion — I mean the
18 A. Well, we don't make those evaluations in 18 conclusion you would present would be weak,
19 subgroup, like group 2-A or 2-B. Those are not 19 limited, or strong as to each of those bins with
20 made within the subgroup. Those are made as a 20 rationale, of course, correct?
21 whole, as a — within plenary. Taking into 21 A. Which is in the monograph.
22 account the human data — the human epi data, the 22 Q. Yes, sir. But am I correct that would
23 animal cancer bioassay data, and the mechanistic 23 be the evaluation?
24 data. So evaluations are not made within 24 A. Right. And that was — that would be in
25 individual subgroups. 25 the — very clearly stated in the monograph, as it
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was.
Q. And where is it written, if anywhere, 

how IARC evaluates the significance of a finding 
of strong for genotox and strong for oxidative 
stress?

A. Where is it -- explain what you mean.
Q. Yes, sir. Do you have some guidance for 

whether different substances are going to — if 
evaluated in tenns of the ten key characteristics 
of cancer, are different profiles, when divided 
among the key characteristics of cancer, right?

A. Yes.
Q. There are certainly substances for, 

example, for oxidated stress that show oxidative 
stress that aren't in fact carcinogens, right?

A. There are examples.
Q. And there are substances that are 

carcinogens that don't show oxidative stress?
A. But we're not talking about glyphosate 

here?
Q. No. No.
A. You are -  maybe this is hypothetical 

now.
Q. It's true, though, correct?

MS. WAGSTAFF: Object as a hypothetical
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and agree with the witness.
MR. WHITE: That's true. I've 

instructed my client not to answer any 
hypotheticals.

BY MR. GRIFFIS:
Q. Sir, when you were working with group 

112, did you have any set of criteria by which you 
were to evaluate whether a substance was capable 
of causing human cancers based on the finding of 
strong or oxidated stress and strong for genotox?

A. We were instructed to evaluate the 
publicly available literature as a whole to 
determine whether there was strong evidence, 
moderate evidence, or weak evidence that 
glyphosate may cause oxidated stress or glyphosate 
may induce genotoxicity.

So we were instructed to look at 
the whole — to the whole database and to draw 
conclusions whether the database was strong, 
moderate, or weak.

Q. When you say the whole database, you are 
referring to published literature and not to any 
industry studies that were conducted in GLP labs, 
correct?

MS. WAGSTAFF: Object to the form.

P age  89

Suggestion that no industry studies that were 
conducted in GLP labs were part of the 
published literature?
A. We had access to the publicly available 

literature. It is my understanding that there 
were some industry studies that EPA had that we 
could get access to.
BY MR. GRIFFIS:

Q. Did you get access to them?
A. This for — talking about the cancer 

bioassay data, they had access to EPA data.
Q. Do you know of any — I'm going to use 

the term "registration study."
Do you know what that means?

A. For EPA. For data provided by the 
company to EPA for registration purposes.

Q. Did you look at any registration studies 
in reaching your evaluation about the mechanism?

A. I don't recall.
MS. WAGSTAFF: Object to the form.

A. There's — I don't recall. The person 
who was looking at the genotox data may have, but 
there was data that was unavailable to the working 
group that Monsanto had access to.
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BY MR. GRIFFIS:
Q. Do you know that there were publications 

presenting a great deal of that data, that Hyer & 
Kirkland published an article that was not 
reviewed by IARC?

A. And the reason was the committee 
couldn't evaluate the methodology that those 
studies used. They just presented a summary of 
findings without publishing the methodology 
involved. So independent scientists would have a 
very difficult time of determining the veracity of 
that data.

Q. And do you know what the methodological 
gaps that were listed in — I mean in the IARC 
monograph, it says, we didn't look at the Hyer & 
Kirkland data because we couldn't evaluate A, B, 
C, D about the methodology.

Could you evaluate A, B, C, and D 
from all of the studies you did review from the 
published literature methodology fully set forth 
in those study?

A. For the — I can only speak for the 
toxicokinetic data because that is what I was 
responsible for.

Q. Okay. You can't say as the genotox or
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oxidated stress?
MS. WAGSTAFF: Objection asked and

answered. Fie has given his response.
A. For the genotox and oxidated stress 

because I did not write those drafts. So I didn't 
look at every single one of those papers.

Q. Yes, sir.
A. I don't know — I assume the — for a 

paper to be brought forward and, especially if it 
was deemed to be a strong paper in terms of 
providing evidence for a mechanism, the — you 
would need to see the methodology that was 
utilized in the statistical analysis and so forth.

So I'm — I can't speak to that. I 
can't speak directly to that because I was not 
involved in the draft of that document, but this 
is publicly available literature. And it would be 
important for the reviewers for the — for the 
committee to have that methodological information 
to evaluate the paper.

Q. Do you know who made the decision not to 
use the Hyer & Kirkland information?

A. I don't know who specifically was 
responsible for doing that.

Q. Who did you learn — from whom did you
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learn that that decision had been made?
A. I believe that it was — it came up in 

plenary. And I don't remember if it was 
Dr. Straif or Dr. Guyton who determined that.

Q. Your belief is that it was either 
Dr. Straif or Dr. Guyton who rejected the Hyer & 
Kirkland data?

MS. WAGSTAFF: Object to the form.
A. Yeah. The specialist in the subgroup 

who worked on the genotoxicity would have been 
involved in that decision, as well.
BY MR. GRIFFIS:

Q. Okay. And do you know that, or is that 
just speculation?

A. I don't know for sure, but that's — I 
assume the person who had — who was in charge of 
that area would have been involved in discussions 
regarding that review paper, the cure paper.

Q. Who was that?
A. Who was the genotox specialist?
Q. Yes, sir.
A. On our subgroup?
Q. Yes, sir?
A. Dr. LeCurieux.

MS. WAGSTAFF: I am going to object to

P age  93

this line of questioning. He's -  the 
deponent has said he doesn't know the answer. 
And he's also used the word that he's 
assuming. So I'm going to object for 
speculation.

MR. WHITE: And I'd like to add that you 
don't have to make any assumptions.

MR. GRIFFIS: What time is it?
MR. WHITE: 11:41.
MR. GRIFFIS: So we've been going an 

hour.
VIDEOGRAPHER: 44 minutes.
(Exhibit No. 13-12 marked for
identification.)

BY MR. GRIFFIS:
Q. Okay. Dr. Ross, I handed you a document 

that you provided to us. It is an e-mail exchange 
between you and Dr. Michael Alavanja.

Is that pronounced correctly?
A. Yes.
Q. Okay. And would you please tell us who 

Dr. Alavanja is?
A. He was the principal investigator of the 

Agricultural Health Study at the National Cancer 
Institute
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Q. In this thread, he announced that he was 
retiring from NCI, correct?

A. Yes.
Q. Okay. You sent him your best wishes and 

then talked a little bit about AHS and the IARC 
meeting, correct?

A. Right.
Q. Okay. And do you know him through your 

role on the AHS, the advisory committee?
A. Correct.
Q. Is that the only way you know him, or 

did you have a prior relationship, as well?
A. Not before that.
Q. Okay. And you told him indeed the AHS 

worked out a prominent role at the IARC meeting I 
attended, right?

A. Yes.
Q. What did you mean by that?
A. Many of their studies were being 

evaluated at the meeting
Q. And was it your understanding, from 

attending the plenary sessions and hearing the 
epidemiology group and exposure group talk about 
the Agricultural Health Study data, that it was 
important to their evaluation?
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1 MS. WAGSTAFF: Objection. Dr. Ross 1 the glyphosate -- in the evaluation of glyphosate.
2 stated he didn't — wasn't involved in those 2 That study was evaluated.
3 subgroups. And, also, the Agricultural 3 Q. The whole group met to put all of this
4 Health study involves other chemical besides 4 together, put the whole evaluation together to
5 glyphosate, which is outside the scope. 5 talk about all of the data, right?
6 BY MR. GRIFFIS: 6 A. The whole — the whole group, yes.
7 Q. Go ahead, sir. 7 Sure.
8 A. The AHS studies was not just on 8 Q. Yes. And was it your understanding from
9 glyphosate. There were other chemicals being 9 those meetings the AHS data was important to the

10 evaluated, some of which were the organophosphates 10 evaluations of the glyphosate by the other groups?
11 at the volume 112 meeting. So there was — this 11 MS. WAGSTAFF: Objection.
12 is what I mean by AHS had a prominent role at the 12 A. I wasn't in group 2.
13 meeting. 13 BY MR. GRIFFIS:
14 Q. When you said a prominent role, you 14 Q. Talking about the meetings.
15 weren't talking about glyphosate? You were 15 Everybody had to go together?
16 talking about the other substances? 16 A. I can't recall that.
17 MS. WAGSTAFF: Objection. Misstates the 17 Q. You were at glyphosate issue — back to
18 testimony. 18 Exhibit 12 and your e-mail to Dr. Alavanja.
19 A. I was talking about in general. 19 "The glyphosate issue kind of blew
20 BY MR. GRIFFIS: 20 up after we had finished and left," correct? What
21 Q. Okay. 21 did you mean by it kind of blew up?
22 A. The AHS work in general. 22 A. There was a lot of press.
23 Q. Did it have a prominent role with regard 23 Q. Then you said, "Although, it was the
24 to glyphosate? 24 rodent cancer bioassays, in the case of glyphosate
25 A. Well, it — its data was evaluated in 25 that was really the most controversial issue for
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1 glyphosate," right? 1 Q. Okay.
2 A. That's what I've written. 2 A. I wasn't privy to their conversations.
3 Q. What did you mean? 3 Q. Okay. Now, as a member of the AHS
4 A. There was debate going on within the 4 advisory group, are you made aware of the content
5 cancer bioassay subgroup regarding whether it was 5 of the data that hasn't been published?
6 deemed to be sufficient or limited. So there was 6 MS. WAGSTAFF: Objection.
7 debate — scientific debate at the meeting — 7 BY MR. GRIFFIS:
8 Q. Y o u - 8 Q. That data they continue to collect
9 A. — regarding those — that issue. 9 hasn't been published?

10 Q. You considered that to be the most 10 MS. WAGSTAFF: His role as an AHS
11 controversial debate that was going on that you 11 advisory member is outside of the requested
12 were aware of with regard to glyphosate at 12 discovery of the exploration of the mechanism
13 I ARC 112? 13 subgroup's conclusion about glyphosate.
14 A. Yes. 14 A. I don't receive any unpublished data
15 Q. Okay. And it was between limited or 15 from AHS.
16 sufficient with regard to cancer bioassays for 16 BY MR. GRIFFIS:
17 animals? 17 Q. Do you receive — you were giving them
18 A. Yeah. I -  yes. It was -  it is that 18 advice about things, right? Did they ever ask you
19 issue. 19 whether you think something should be published?
20 Q. And did you know who was advocating for 20 A. No.
21 limited and who was advocating for sufficient? 21 Q. What sorts of things did they ask for
22 A. I don't remember. I can't recall. 22 advice about?
23 Q. Okay. Do you recall anyone who was 23 A. We — I have only met with them one
24 advocating for limited or sufficient? 24 time. They would ask studies — they would ask
25 A. No. 25 opinion — you know, ask us our opinion. And in
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1 my case, they would ask my opinion about issues of 1 object also, this is causing for a
2 measuring pesticide, residues, and issues of 2 hypothetical that is completely unrelated to
3 mechanistic mechanisms by which chemicals might 3 the mechanism subgroup conclusion about
4 cause cancer, mutations in cancer. 4 glyphosate. You're actually proposing a
5 Q. Did you have an understanding, from your 5 hypothetical on what happens if the
6 review of the preamble, your attendance at the 6 epidemiology has a different classifications
7 evaluation criteria meeting, all the training you 7 as to what it ultimately determined.
8 got on IARC methodology, that if the epidemiology 8 MR. GRIFFIS: Well, I will link it up.
9 evidence, evidence of group 2 is below limited, 9 Don't worry.

10 then the substance in question gets a group 3 10 BY MR. GRIFFIS:
11 classification? 11 Q. Page 23.
12 MS. WAGSTAFF: Objection. Calls for 12 A. Uh-huh (affirmative response).
13 speculation. Foundation. 13 Q. You see, the criteria for an evaluation
14 BY MR. GRIFFIS: 14 of group 3, "This categoiy is used most commonly
15 Q. Do you recall that? 15 for agents for which the evidence of
16 A. So if — yeah — wait a minute. The 16 carcinogenicity is inadequate in humans and
17 human epi, if it was deemed to be inadequate, and 17 inadequate or limited in experimental animals,"
18 the animal cancer bioassay data — well, it's — 18 right?
19 we are speculating now because that is not what 19 A. Correct.
20 happened. 20 Q. Okay.
21 Q. Well, let's take a look at the preamble, 21 MS. WAGSTAFF: I'm going to object to
22 Page 23. 22 you're saying that that is a "shall make"
23 You reviewed and understood the 23 determination.
24 preamble, correct? 24 MR. GRIFFIS: Let me finish, please.
25 MS. WAGSTAFF: I'm actually going to 25

P age  100 P age  101

1 BY MR. GRIFFIS: 1 deposed?
2 Q. "And, exceptionally, agents for which 2 A. I found it in the court records.
3 the evidence of carcinogenicity is inadequate in 3 Q. Did a little research when you heard you
4 humans but sufficient in experimental animals may 4 were going to be deposed?
5 be placed in tins category when there's strong 5 A. We are scientists. It is publicly
6 evidence that the mechanism of carcinogenicity in 6 available.
7 experimental animals does not operate in humans," 7 Q. Did you know Dr. Blair disclosed that
8 right? 8 the AHS has seven more years of follow-up data
9 A. That's what the preamble says. 9 than that that was presented to IARC and that that

10 Q. In group 4, "This category is used for 10 data, which involves many more cases than has been
11 agents for which there is evidence suggesting lack 11 previously published in DeRoos in 2005, the
12 of carcinogenicity in humans and in experimental 12 article that was considered by IARC, is strongly
13 animals," right? 13 negative for non-Hodgkin's lymphoma and that if
14 A. Yes. 14 that data had been put into the meta analysis and
15 MS. WAGSTAFF: Continue to object on the 15 was done by the epidemiology group, the relative
16 scope, as it seems as you're trying to elicit 16 risk would have been below 1.0. About 0.9.
17 expert testimony. 17 Did you know that?
18 BY MR. GRIFFIS: 18 MS. WAGSTAFF: Objection. Misstates
19 Q. Sir, did you know that Dr. Aaron Blair 19 the — Dr. Blair's testimony and is
20 was deposed in this litigation? 20 completely irrelevant. And you're doing a
21 A. Yes. 21 hypothetical upon hypothetical.
22 Q. Did you talk to Dr. Blair about being 22 MR. WHITE: You can answer as to whether
23 deposed? 23 or not you were aware that that was...
24 A. No. 24 A. No. I wasn't aware of that.
25 Q. Do you know about that fact that he was 25
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1 BY MR. GRIFFIS: 1 mechanism fits into that. What —
2 Q. Okay. Do you know what relevance the 2 A. But then I have to go into a
3 findings of the mechanism group would have in the 3 hypothetical.
4 presence of negative human epidemiology in the 4 Q. What is the role of mechanism in the
5 absence of a limited association? 5 absence — in the presence of negative human
6 MS. WAGSTAFF: Objection. Calls for a 6 epidemiology? Negative, not limited.
7 hypothetical. If it was presented in this 7 MS. WAGSTAFF: Objection. Hypothetical.
8 particular monograph 112, then that is 8 THE WITNESS: So should I answer this
9 appropriate, but I think you're exploring 9 hypothetical?

10 hypotheticals that are inappropriate to the 10 MR. WHITE: You can answer it to the
11 scope. 11 extent that you — that you know under this
12 BY MR. GRIFFIS: 12 evaluation, under the way that you were
13 Q. Go ahead, sir. 13 instructed.
14 MR. WHITE: You can answer as far as you 14 A. Right. So if it was inadequate in
15 have factual knowledge of a yes or no, but 15 humans, sufficient in animal, and we had strong
16 you do not need to go into any details of a 16 evidence in mechanism — mechanistic evidence,
17 hypothetical. 17 then we could call for an upgrade to upgrade the
18 A. The mechanistic subgroup can upgrade or 18 classification.
19 downgrade if — if it needs to. So I — since 19 BY MR. GRIFFIS:
20 that wasn't the issue in this case, then, I don't 20 Q. To 2-A?
21 know what else I can add. 21 A. If it was inadequate — yes. Look at —
22 BY MR. GRIFFIS: 22 you can look in the preamble. Okay.
23 Q. Well, this is a question about the — 23 Q. Show where it shows the inadequate
24 your understanding of the methodology applied by 24 evidence in human —
25 IARC in doing its classifications and how 25 A. Page 22, line 35. "In some cases, an

Page 104 P age  105

1 agent may be classified in this category, being 1 vitro human cells — cultured in vitro, exposed to
2 2-A, when there is inadequate evidence of 2 glyphosate. And in some animal models, in vivo
3 carcinogenicity in humans and sufficient evidence 3 there was evidence of carcinogenicity -  or excuse
4 of carcinogenicity in experimental animals and 4 me. Take that back -  of genotoxicity.
5 strong evidence that carcinogenesis was mediated 5 The important tiling, in tenns of
6 by a mechanism that also operates in humans." 6 operable in humans, is the fact that exposed
7 Q. What strong evidence was presented in 7 humans showed evidence of genotoxicity, and
8 the IARC monograph working group 112 that 8 cultured cells of human origin showed evidence of
9 carcinogenesis observed in experimental animals is 9 genotoxicity. Those were -  those then showed

10 mediated by a mechanism that also operates in 10 that this mechanism may operate in humans.
11 humans? 11 Q. You would agree with me that
12 MS. WAGSTAFF: Objection to the 12 genotoxicity does not mean carcinogenicity, right?
13 monograph. It speaks for itself. 13 MS. WAGSTAFF: Object to the form.
14 A. The mechanistic evidence that was deemed 14 A. As -  not all genotoxins lead to cancer.
15 strong was the genotoxicity and the oxidative 15 BY MR. GRIFFIS:
16 stress classification. You know, just those 16 Q. And that is because there are multiple
17 characteristics. 17 additional steps that have to take place before
18 BY MR. GRIFFIS: 18 cancer is produced, right?
19 Q. So just the fact of finding genotoxicity 19 A. Yes.
20 and oxidative stress suffices to show this is a 20 Q. Geno toxicity would have to lead to a
21 mechanism that operates in humans. 21 permanent mutation in order to cause cancer,
22 Do you have to be more specific 22 correct?
23 than that? 23 MR. WHITE: I'm going to object. At
24 A. Because the findings, the data, were 24 this point, we're moving beyond the scope of
25 obtained in exposed humans in cultured cells -  in 25 IARC, and we're asking for expert testimony.
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You don't have to answer that.
BY MR. GRIFFIS:

Q. Sir, in order to reach a conclusion that 
the genotoxic mechanisms that you identified as 
part of working group 112 can operate in humans, 
there would need to also be evidence that those 
genotoxic mechanisms would lead to permanent 
mutations, not just temporary, transient ones, 
correct?

A. The evidence would be stronger if it was 
permanent mutations.

Q. If there was evidence — if, in fact, 
the evidence was not consistent with permanent 
mutations, than the genotoxic mechanism that you 
observed couldn't produce cancer in that way, 
correct?

MS. WAGSTAFF: Objection. Calls for a
hypothetical.
A. I don't know. I can't say anything to 

that. I don't know.
BY MR. GRIFFIS:

Q. That wasn't part of your evaluation?
A. Well, if it leads to DNA damage, this 

could lead to genomic instability and cancer. So 
just to rule out DNA damage is not causing — DNA
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damage can lead to mutations.
Q. And DNA damage might not lead to 

mutations, as well?
A. It depends on the context.
Q. There are all sorts of analyses and 

assays that are done to look for actual mutations 
such as AIMS test, right?

A. There are.
Q. Okay. And that evidence is negative for 

glyphosate?
A. It is in the monograph. Whatever the 

AIMS assay showed, it's in the monograph, whether 
it was positive or negative.

Q. You don't know?
A. I think for the AIMS assay, the data for 

glyphosate is negative
Q. Yes, sir.

MR. GRIFFIS: We'll break now then for
lunch?

VIDEOGRAPHER: Off record at 11:59.
(A lunch recess was taken.) 
VIDEOGRAPHER: Back on record. This is 
DVD three at 1:05.
(Exhibit No. 13-13 marked for 
identification.)

P age  109

MS. WAGSTAFF: Just for completeness of 
record, we had the phone line open all day, 
and we don't believe anyone has called in; 
and no one has made a peep.

BY MR. GRIFFIS:
Q. Dr. Ross, I hand you Exhibit 13. And 

that is an e-mail from Dr. Rusyn to you at Martin 
and Frank LeCurieux — did I pronounce that right? 

A. Correct.
Q. Dated February 27th of 2015, correct?
A. I am just looking for the actual e-mail 

here. Let's see. Which page is it? Is it — 
from — that's from Kate Guyton and Ivan.

MS. WAGSTAFF: I'm just going to put an 
objection on the record that there is a 
document that was produced or provided by 
Dr. Ross. It is a more complete cascade of 
this conversation. And the fact that it's 
not to all of those folks. It's just to 
Dr. Guyton.

BY MR. GRIFFIS:
Q. You see the top of this document?
A. I got cc'd on it.
Q. Okay. And Dr. Rusyn responded to 

Kathryn Guyton and cc'd you and suggested that you
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take a look at some of the subjections that were 
attached to that document, right?

A. Yes.
Q. And the document in question was the 

Greim published article; is that correct? Greim 
2015?

A. Iam  not familiar with that article. I 
think — is this the article with the — there 
were several studies summarized?

Q. Yes, sir. A summary of multiple animal 
studies. Greim, et al., 2015.

A. Okay.
Q. And Dr. Rusyn forwarded that to you with 

the suggestion that you take a look at the small 
vignettes that are relevant to your subsection on 
mechanistic data; is that correct?

A. Yes.
Q. Dr. Rusyn said, "With regard to the 

Greim article, this is an interesting prehmical 
piece," correct?

A. Yes.
Q. And did you view the Greim article as a 

prehmical piece?
A. I didn't have an opinion on it.
Q. He said — Dr. Rusyn said, "It does not
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1 surprise me that, when under pressure, the 1 BY MR. GRIFFIS:
2 in d u s try  c a n  m u s te r  a relevant publication." He 2 Q. Did you find this paragraph -  "This is
3 p u t  r e le v a n t  in  q u o te s . " I t g o e s  f ro m  s u b m is s io n 3 an interesting prelimical piece. It does not
4 to  a c c e p ta n c e  in  a s  l i t t le  a s  s e v e n  w e e k s ," 4 surprise me that, when under pressure, the
5 c o r re c t? 5 industry can muster a 'relevant' publication. It
6 A . T h a t 's  w h a t  is  w r i t te n  th e re . 6 goes from submission to acceptance in as little as
7 Q . O k a y . A n d  w h a t  d id  y o u  u n d e r s ta n d  h im 7 seven weeks. Kudos to CR-2, a known helper to
8 to  m e a n  b y  th e  in d u s try  b e in g  u n d e r  p r e s s u re ? 8 'informative' publications from the industry
9 M S . W A G S T A F F : O b je c tio n . C a lls  f o r 9 stakeholders for such expediency and relevancy."

10 s p e c u la tio n . 10 You don't find that to be
11 A . I d id n 't  k n o w  w h a t  h e  — I d id n 't  k n o w 11 sarcastic?
12 w h a t  h e  m e a n t  b y  th a t. 12 MS. WAGSTAFF: Objection. If you want
13 B Y  M R . G R IF F IS : 13 to know if it's sarcastic, you need to ask
14 Q . N o w , y o u  w o r k e d  w i th  D r. R u s y n  c lo s e ly 14 the person who wrote it and not someone who
15 d u r in g  w o r k in g  g ro u p  1 1 2  a n d  g o t to  k n o w  h im  a n d 15 is merely cc'd on the document. This is
16 h is  s ty le  o f  w o r k in g ,  r ig h t? 16 beyond the scope of — of the subgroup's
17 A . I g o t  to  k n o w  D r . R u s y n . 17 determination on glyphosate.
18 Q . O k a y . A n d  is  h is  s a rc a s t ic  to n e  to w a r d s 18 A. I don't have an opinion.
19 in d u s try  c o n s is te n t  w i th  y o u r  e x p e r ie n c e  w o r k in g 19 BY MR. GRIFFIS:
20 w ith  h im  o n  w o r k in g  g ro u p  11 2 ? 20 Q. Did Dr. Rusyn express any views about
21 M S . W A G S T A F F : O b je c t  to  th e  fo rm . 21 industry to you during working group 112?
22 T h e re 's  n o w h e r e  o n  h e r e  th a t  it  s a y s  i t 's 22 A. No.
23 sa rc a s tic . 23 Q. Did he express any views to you about
24 A . I d id n 't  f in d  h im  s a rc a s tic .  I f o u n d 24 whether he felt that the chemicals that you were
25 h im  o b je c tiv e . 25 investigating should be more strongly regulated
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1 than they were during working group 112? i of anything before the meeting?
2 A. No. 2 BY MR. GRIFFIS:
3 Q. Okay. He said at the end of his e-mail, 3 Q. No, sir. Question is, because you were
4 "I am confident that the IARC monograph will be 4 a signatory to some letters, following IARC, you
5 much more comprehensive and balanced," correct? 5 are aware that regulatory agencies have also done
6 A. Yes. That's written here. 6 reviews of glyphosate, both before and after
7 Q. And the IARC monograph did not include 7 working group 112 met?
8 the Greim article or the studies discussed 8 MS. WAGSTAFF: Objection. Again, this
9 therein, correct? 9 is completely beyond the scope of what is

10 A. Right. 10 allowed by this deposition. The
11 Q. Did not discuss the Hyer & Kirkland 11 regulatories — decisions have nothing to do
12 article or the studies discussed therein, correct? 12 with the mechanism subgroup's conclusion of
13 A. Correct. 13 glyphosate, especially when you're talking
14 Q. Okay. Now, you're aware, because of the 14 about after monograph 112.
15 correspondence that you were a signatory to 15 A. So I was not aware of EFS A doing their
16 following IARC, that there are a number of 16 regulatory review until after it came to light —
17 regulatory agencies that have also done reviews of 17 BY MR. GRIFFIS:
18 glyphosate both before and after the IARC review; 18 Q. Yes, sir.
19 is that right? 19 A. — that I understood what was going on
20 MS. WAGSTAFF: Objection. This is 20 there. So I am aware that regulatory agencies
21 completely beyond the scope. Anything that 21 have been reviewing glyphosate, yes.
22 happened after IARC is not allowed by the 22 Q. And are you — and you're aware, because
23 scope of the order allowed by Judge Charbrio 23 it's part of the substance of the letters that you
24 and MDL. 24 signed, that those reviews involved a review both
25

—

A. So — okay. Is your question did I know 25 of the published literature and the unpublished.
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1 right? 1 pure speculation. How would he know that?
2 MS. WAGSTAFF: Again, this is completely 2 MR. WHITE: You don't have to answer
3 beyond the scope of what's allowed, and this 3 that.
4 is an abuse of the order that Judge Charbrio 4 BY MR. GRIFFIS:
5 entered allowing exploration of the mechanism 5 Q. Do you know if Dr. Jameson was shown
6 subgroup's conclusion about glyphosate. 6 Greim?
7 You're asking about letters that happened 7 MS. WAGSTAFF: Objection. Speculation.
8 after monograph 112, and you're asking about 8 MR. GRIFFIS: Okay. I'm going to mark
9 regulatory agencies which haven't even been 9 another document.

10 allowed in this litigation. 10 (Exhibit No. 13-14 marked for
11 MR. WHITE: Yeah. At this point, I'm 11 identification.)
12 going to instruct my client that he does not 12 (Exhibit No. 13-15 marked for
13 have to answer these. It's not — if it's 13 identification.)
14 not brought back to the actual monogram. 14 MS. WAGSTAFF: Did you highlight these,
15 MR. GRIFFIS: I'm bringing it back. 15 Kirby, or is it —
16 MS. WAGSTAFF: I think he was instructed 16 MR. GRIFFIS: This is how we have it.
17 that he didn't have to answer it. 17 MS. WAGSTAFF: Okay. Wait.
18 BY MR. GRIFFIS: 18 MR. WHITE: We have two -  14 and 15?
19 Q. Do you know that Dr. Jameson testified 19 MR. GRIFFIS: Yes, sir.
20 today that he wasn't shown the Greim article — 20 MS. WAGSTAFF: Which one do you want as
21 Dr. Jameson? 21 14?
22 MS. WAGSTAFF: Objection. We don't have 22 MR. GRIFFIS: 14 is that one.
23 any authority or any foundation that that’s 23 BY MR. GRIFFIS:
24 true. And we have no idea what the testimony 24 Q. This is from the documents that you
25 question was asked or what was said. That’s 25 provided to us, sir. Okay. Marked as Exhibit 14
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1 is some comments by Chris Portier on a response by 1 MR. GRIFFIS: Yes.
2 EFSA to a letter sent by Portier and others. 2 MS. WAGSTAFF: Okay. I object as to
3 And 151 marked because it’s the — 3 foundation. This is from Chris Portier.
4 it has numbered paragraphs also supplied by you. 4 Nothing on here that shows him as the author.
5 Numbered paragraphs that link up to the numbered 5 BY MR. GRIFFIS:
6 paragraphs in Mr. Portier’s — 6 Q. Sir, first of all, do you recognize this
7 MS. WAGSTAFF: I’m again going to 7 as a document that you were sent?
8 object. The request for this deposition was 8 A. I mean, I can't recall, but if — you
9 to explore the mechanism subgroup's 9 know, if this was under the subpoena...

10 conclusions about glyphosate. And that is 10 Q. It's a document that you provided to us.
11 what the Court allowed as a fact deposition. 11 I will tell you that.
12 And now you are asking about something that 12 A. If that's the case then, yes, then I —
13 happened in January 13 th, 2016, which is a 13 then I would say, yeah, it was swept up. But I
14 year and a half after the conclusion came 14 don't recall this specifically.
15 out. And I think it's a completely 15 Q. Okay.
16 inappropriate line of questioning. 16 MS. WAGSTAFF: I object to any questions
17 MR. GRIFFIS: It links directly to the 17 on this document as the deponent said he
18 procedures used by IARC at the group. 18 doesn't recall it.
19 BY MR. GRIFFIS: 19 BY MR. GRIFFIS:
20 Q. I just want to ask you about one comment 20 Q. Do you recall Mr. Portier communicating
21 by Chris Portier, sir. 21 with you about the responses that he was putting
22 This is a document that you 22 together in asking you to be part of it and sign
23 recognize that came from your production, right? 23 responding to EFSA?
24 MS. WAGSTAFF: You're talking about 24 A. Yeah. We — I was one of a
2 5 Exhibit 14? 25 approximately 93 people.
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1 Q. Yes, sir. And it says, "Thoughts on 1 Would you go to paragraph 19 in
2 EFSA response. See EFSA response." 2 Exhibit 15 so that we can see what he's talking
3 Are these Chris Portier's thoughts 3 about?
4 or your thoughts? 4 MS. WAGSTAFF: Objection. No
5 MS. WAGSTAFF: Object to any questions 5 foundation. Chris Portier's comments.
6 on this document as the deponent has stated 6 A. Exhibit 15.
7 he doesn't remember this document. 7 BY MR. GRIFFIS:
e A. These are not my comments. 8 Q. Yes, sir. See these paragraphs are hand
9 BY MR. GRIFFIS: 9 numbered, and they match up with the comments on

10 Q. Okay. Comment on paragraph 19, "After 10 the other. That's why I produced this one to you.
n carefully reading the current RAR, they may be 11 A. Okay. Paragraphs?
12 correct" -  that's R-A-R -  "they may be correct 12 Q. Right. And paragraph 19 reads, "I wish
13 in saying that IARC could have used these data. 13 to make a final but important point regarding
14 However, second guessing this at this time is 14 transparency. The background documents display
15 wasted effort." 15 detailed information on how EFSA and Member States
16 See that, sir? 16 appraised each study, including industry sponsored
17 MS. WAGSTAFF: Objection to asking 17 studies and how all those which participated,
18 questions on this document, as the deponent 18 except Sweden, concluded that glyphosate is
19 has said he does not recall it. He also 19 unlikely to pose a carcinogenic hazard to humans."
20 stated these are not his comments. 20 Did I read that correctly?
21 BY MR. GRIFFIS: 21 A. Yes.
22 Q. You see that, sir? 22 Q. Okay. So my question to you now, sir,
23 A. I see it. These are not my comments. 23 is, do you agree that IARC could have used those
24 Q. No, sir. I'm not saying that they are. 24 data that were reviewed by EFSA and not reviewed
25 Chris Portier's comments. 25 by IARC?
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1 A. IARC -  the preamble — sorry. 1 BY MR. GRIFFIS:
2 MS. WAGSTAFF: I was going to say an 2 Q. Let me be clear. I'm not asking you if
3 objection to using this document, as the 3 it would have been good for you to go ahead and
4 deponent has said he does not recall this 4 break with IARC procedures. I'm asking you, as a
5 document, and this is calling for an 5 scientist, doing what's supposed to be an
6 expert — calling for expert testimony and 6 objective evaluation of the available evidence on
7 hypothetical when he has stated all along 7 glyphosate, would it have been useful to you to
8 that they followed the procedures as set 8 have even more evidence to look at, i.e., the
9 forth in the preamble. 9 evidence looked at by EFSA and not by IARC?

10 BY MR. GRIFFIS: 10 MS. WAGSTAFF: Object.
11 Q. So your answer? 11 BY MR. GRIFFIS:
12 A. The preamble asked us to look at the 12 Q. Would that have improved or made worse
13 publicly available literature. 13 your evaluation of mechanism?
14 Q. Okay. Could IARC — I don't mean — was 14 MS. WAGSTAFF: Objection. Foundation.
15 it a — was it consistent with IARC's rules or 15 We don't even know what the data is you're
16 would it have been against the rules or not — as 16 talking about — the strength, weaknesses the
17 a scientist, doing a review of the science on the 17 biases, anything with respect to that data.
18 mechanism, could you have used the additional data 18 MR. WHITE: When answering this, just
19 found in the industry studies that were reviewed 19 answer to the best of your ability with —
20 by EFSA and other regulators? 20 from your own knowledge. All right? You
21 MS. WAGSTAFF: Objection. You're asking 21 don't need to speculate on whether or not you
22 him whether or not he should have broke from 22 should or should not have been using data
23 IARC procedure, and I think that puts the 23 that was not provided to you.
24 deponent in a very uncomfortable position; 24 A. I don't know the answer to your
25 and it's an inappropriate question. 25 question. I don't know without — I can't
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1 speculate. I feel like I would be speculating. l stress that you considered to be strong.
2 BY MR. GRIFFIS: 2 What does the methodology say you
3 Q. Because you don't know what that data 3 are to do with additional negative information
4 shows? 4 about genotoxicity and additional negative
5 A. The form of the data, where it's 5 information about oxidative stress? Would that
6 published, I would — I think it's speculative for 6 weaken or have no effect on a conclusion of
7 me to say. 7 strong?
8 Q. Based on your understanding of the 8 MS. WAGSTAFF: Objection. Calls for a
9 methodology that you were to follow as part of 9 hypothetical. Again, talking about data that

10 working group 112, would more information that is 10 is not allowed under the preamble.
11 negative weaken your conclusion of a strong 11 MR. WHITE: I advise you to only answer
12 association, or is that not the way the 12 to the extent that you know under the
13 methodology works? 13 preamble. All right?
14 MS. WAGSTAFF: Objection. Calls for a 14 A. Preamble says we were to evaluate the
15 hypothetical and speculation on what would 15 publicly available literature, and that's what we
16 have happened had some fictitious data been 16 did.
17 available pursuant to the preamble. 17 BY MR. GRIFFIS:
18 BY MR. GRIFFIS: 18 Q. Do you know, in working group 118 and
19 Q. Do you understand the question, sir? 19 working group 119, they looked at non-published
20 A. Ido. 20 literature?
21 Q. Okay. So now — and what it is, is 21 MS. WAGSTAFF: Objection. This is
22 given the procedure that you're following, given 22 completely outside the scope when we're
23 the methodology that IARC asked you to follow, you 23 talking about other monographs. We're here
24 had evidence of genotoxicity that you considered 24 to talk about monograph 112 and specifically
25 to be strong. You had evidence of oxidative 25 the mechanism subgroup. And now you're
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1 bringing up monographs 117 and 120 that we 1 available database.
2 know absolutely nothing about. 2 BY MR. GRIFFIS:
3 BY MR. GRIFFIS: 3 Q. And do you know why they chose to look
4 Q. 118 and 119. Did you know that, sir? 4 at unpublished literature in other monographs?
5 MR. WHITE: If we — if this isn't going 5 MS. WAGSTAFF: Objection. Foundation.
6 to be brought back to the monograph that's 6 And beyond the scope allowed by this
7 actually at issue. I'm going to instruct him 7 deposition.
8 not-- 8 MR. WHITE: To the extent of your
9 MR. GRIFFIS: It is, sir. It is. 9 knowledge.

10 BY MR. GRIFFIS: 10 MS. WAGSTAFF: And calls for
11 Q. Do you know that IARC doesn't always 11 speculation. How is he supposed to know what
12 follow what you're saying is the rule of only 12 other people did or didn't do?
13 looking at published literature? Do you know 13 A. I didn't know.
14 that? 14 BY MR. GRIFFIS:
15 MS. WAGSTAFF: Completely beyond the 15 Q. Were you aware before today that IARC
16 scope of this deposition. I object for that. 16 doesn't necessarily follow a rule of not looking
17 MR. WHITE: You don't have to answer 17 at unpublished data?
18 that. 18 MS. WAGSTAFF: Objection. Foundation.
19 BY MR. GRIFFIS: 19 Timing and the scope of this deposition. And
20 Q. Sir, do you know why the leaders of IARC 20 his attorney has already instructed him not
21 chose not to look at unpublished data in working 21 to answer on that.
22 group 112? 22 MR. WHITE: That's true. You don't have
23 MR. WHITE: To the extent of your 23 to answer that.
24 knowledge. 24 BY MR. GRIFFIS:
25 A. Because it wasn't in the publicly 25 Q. Sir, you came to working group 112. You
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followed the rules. The rules, as you understood 
them, didn't permit you to consider registration 
studies, didn't permit you to consider data 
generated by industry, and didn't permit to 
consider — although you weren't part of the 
decision — the Greim data or the Hyer & Kirkland 
data

Is that all correct?
MS. WAGSTAFF: Objection to the phrasing 

of that whereas it was the rules as he 
considered it. Later monographs looked at 
unpublished data for one reason or another as 
you're apparently representing. We have no 
idea if the rules change. We have no idea 
under what circumstances that happened. And 
we have no idea of any facts surrounding that 
method. It's beyond the scope of the 
deposition.

MR. GRIFFIS: I object to the continued 
speaking deposition [sic] which are taking 
more transcript than my questions.

BY MR. GRIFFIS:
Q. Everything I just said is true, right?
A. We were instructed to evaluate the 

publicly available literature.
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Q. Right. And you know that there was a 
body of registration studies, a body of industry 
studies. There were studies mentioned in the 
Greim article study. There were studies mentioned 
in Hyer & Kirkland. And you were not to consider 
any of those.

You did know that, right?
A. I didn't know the specifics of the 

industry studies
Q. Okay. And you didn't look at those 

studies, I know, but you know that such studies 
existed and that you weren't going to be looking 
at them?

A. I didn't know the scope of the industry 
studies.

Q. Okay. Do you know today that there are 
such studies?

A. Based on the Greim article?
MS. WAGSTAFF: Scope.

BY MR. GRIFFIS:
Q. Based on the Greim article.

You were copied on that e-mail 
before you went to working group 112 attaching the 
Greim article, right?

A. Yes.

P age  129

Q. Okay, sir. And is it fair to say that 
you don't know what your conclusions would have 
been with regard to mechanism had you seen those 
studies.

Is that fair?
A. I can't speculate on that because we 

didn't see it.
Q. Right. So you're agreeing with me.

You don't even know what — you 
didn't know how that would have affected your
analysis?

A. I can't speculate on that because we 
were instructed to look at the publicly available 
literature.

Q. Okay. Now, I am going to ask you a 
question about the methodology that you were asked 
to follow.

And this isn't about whether you 
look at publicly available literature or not.
This isn't about that facet of the methodology 
prescribed to you by IARC. It's about a different 
facet.

My question is this, sir. Were you 
instructed, if you find multiple articles that 
show, in your view, a strong genotox signal and
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multiple articles that show a strong oxidative 
stress signal, plus there are a whole bunch of 
other articles in those same categories that are 
negative, what are you to do with the negative 
articles? Do they tend to weaken your conclusion, 
as to strong association, or they have no impact 
on it because you already have a number of 
articles showing this association?

Do you understand my question?
A. So we look at the overall database, and 

we try to balance it with positive articles — 
articles that suggest strong evidence versus 
negative evidence. So we are trying to look at 
the entire database as a whole and weigh that.

Q. So you were weighing the evidence. And 
if there was negative evidence that would tend to 
count against a conclusion — a strong conclusion 
with regard to genotox or oxidative stress or any 
of the other ten cancer characteristics, right?

A. I believe the — in the monograph that 
the tables lay out in a balanced way several of 
the positive studies and some of the negative 
studies, but on balance, there were more positives 
than negatives that helped us draw a conclusion.

Q. Right. And right now I'm not asking
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1 about how those studies came out in your — in 1 GLP lab?
2 your weighing. Iin  asking you about what you 2 A. No.
3 understood to be the rules that you were following 3 Q. Are there any GLP labs at MSU?
4 in doing the weighing. And I believe you're 4 MS. WAGSTAFF: Object to scope. Whether
5 telling me your understanding was that, to the 5 or not Mississippi State University has a GLP
6 extent that there are negative studies in a 6 lab has nothing to do with the mechanisms of
7 particular category, those tend to count against a 7 that group's conclusions about glyphosate,
8 finding of strong. 8 completely irrelevant.
9 And to the extent that there are 9 MR. WHITE: You can answer to your

10 positive studies, they tend to count for a finding 10 knowledge?
11 of strong, and you -  you weigh them; is that 11 A. I'm not aware. I don't know if there
12 correct? 12 are or not.
13 A. Within the publicly available 13 BY MR. GRIFFIS:
14 literature, we try to weigh both sets of data. 14 Q. Okay. Do you know generally how GLP
15 Q. Okay. And so you try to weigh both sets 15 certification is achieved?
16 of data within the literature that you were 16 MS. WAGSTAFF: Objection. This is not
17 provided as part of working group 112 and the 17 relevant to the scope of this deposition.
18 publicly available literature that you found. And 18 MR. WHITE: Only to your knowledge.
19 you — and to the extent that there was negative 19 A. My only knowledge is from work I did in
20 data in that data set, it counted against your 20 a contract lab back in the early '90s that was GLP
21 conclusion of strong. 21 certified. So that is my knowledge of GLP.
22 That's fair? 22 BY MR. GRIFFIS:
23 A. We would weigh all the studies together, 23 Q. Okay.
24 positive and negative. 24 A. When I worked in a contract lab.
25 Q. All right. Is your lab here at MSU a 25 Q. Okay. You worked in a GLP lab?
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1 A. Yes. 1 A. Yes.
2 Q. And your — there were independent 2 Q. And you told him, "You did a fantastic
3 audilors in that lab, correct? 3 job as chair," and asked to keep in touch, right?
4 A. We would have auditors that came in 4 A. Yes.
5 eillier from the company or from government, in 5 Q. Okay. And you were responding to a
6 EPA, for example. 6 March 9th — you weren't responding to the
7 Q. The company auditors — I don't know if 7 substance, but you clicked respond on a March 9th
8 you knew this or not — but did you know that they 8 e-mail from Dr. Rusyn, correct?
9 were required to have a different management than 9 A. Yes.

10 the management of the lab so that they're 10 Q. Okay. And Dr. Rusyn wrote, "I would
11 reporting to different people? 11 like to convene group 4 downstairs in the first
12 MS. WAGSTAFF: Objection. This is 12 coffee break to discuss the information below,"
13 getting way beyond monograph 112 and whether 13 correct?
14 or not he knows about the management of GLP 14 A. Yes.
15 labs. 15 Q. Okay. And March 9th was the second to
16 A. I don't know that level of detail about 16 last day of working group 112, right?
17 GLP. 17 A. Yes.
18 BY MR. GRIFFIS: 18 Q. Okay. This e-mail -- we don't have some
19 Q. Okay, sir. 19 of the header information. In Dr. Rusyn's e-mail,
20 (Exhibit No. 13-16 marked for 20 your system that you were using didn't include it.
21 identification.) 21 But was this e-mail sent to you and
22 BY MR. GRIFFIS: 22 the others in group 4?
23 Q. Sir. Exhibit 16 is an e-mail from you to 23 A. I would -  it was sent to me. I would
24 Dr. Rusyn, March 11th of 2015, which is the day 24 assume all the members received it.
25 you left Lyon, right? 25 Q. And did you, in fact, convene downstairs
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1 in the first coffee break to discuss the 1 but didn't come through in what you provided to
2 information? 2 us, presumably the matrix.
3 A. We did to discuss a potential upgrade. 3 "To get us to understand where our
4 Q. Okay. And what do you mean by upgrade? 4 conclusions fit." That's what he wrote, right?
5 A. The mechanistic upgrade. If animal data 5 A. Yes.
6 was considered limited and the human epi data was 6 Q. With regard to glyphosate, he said,
7 considered limited by the IARC rubric in the 7 "human limited." That's group 2, finding of
8 preamble, if there was mechanistic information 8 limited. Group 3, finding of limited.
9 that was considered strong by the subgroup, we 9 Correct?

10 could consider an upgrade. 10 A. At this — well, at — I don't know what
11 Q. So you wanted to make sure we were all 11 was going on in group 2. I am not privy to their
12 on the same page, we being group 4, correct? 12 conversations, but it is — it says "animal,
13 A. Yes. 13 limited" there. So he was convening a meeting —
14 Q. Lower the evaluations from groups 2 and 14 Q. He says below —
15 3 in the IARC matrix. You apparently attached the 15 A. — to discuss —
16 malnx; although, that didn't come through in what 16 Q. Yes, sir.
17 you sent us, right? 17 And he was — this is at 9:00, so
18 A. Where's the matrix? I'm sorry. I don't 18 it's after both plenary sessions for the day,
19 see what. 19 right?
20 Q. I'm reading from the e-mail. "Just to 20 MS. WAGSTAFF: Objection. Where do you
21 make sure we're on the same page, below are the 21 see that it's at 9:00?
22 evaluations from groups 2 and 3 and the IARC 22 MR. GRIFFIS: I'm sorry. I'm wrong.
23 matrix." 23 It's at 4:42.
24 A. Oh, okay. 24 BY MR. GRIFFIS:
25 Q. And there's some image that was attached 25 Q. It’s at a break from the plenary
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1 session, correct? 1 Q. What was the basis for the finding of
2 MS. WAGSTAFF: Well, object to that. We 2 limited in the animal study group as of March 9th?
3 don't if it's a.m orp.m. 3 MS. WAGSTAFF: I'm going to object to
4 A. I don't know what time it is. 4 the suggestion that these were announced at
5 BY MR. GRIFFIS: 5 the plenary session. Nowhere on here that I
6 Q. Were you taking a coffee break at 4 :42 6 can see does it say that Dr. Rusyn got this
7 a.m. or 4:42 p.m., sir? 7 from the plenary session. We don't know
8 A. No. This was not a — we were 8 where he got them from.
9 meeting — the first coffee break, that would be 9 A. I don't recall what -- the discussion

10 in the morning. 10 regarding the limited evidence.
11 Q. The first coffee — so was this meeting 11 BY MR. GRIFFIS:
12 to be held on the 9th or the 10th? 12 Q. Do you know, sir, whether Dr. Rusyn got
13 A. I don't recall. 13 this from a public session that you were present
14 Q. All right. Anyway, he was — he said, 14 at or from a closed session where only he and a
15 "Below are the evaluations from groups 2 and 3." 15 few other people were present?
16 And the evaluation that he reported from group 2 16 A. I don't know.
17 was human glyphosate — human, limited. And the 17 Q. Do you know where Dr. Rusyn got the
18 evaluation that he reported for group 3 for 18 impetus to ask for an upgrade?
19 glyphosate was animal, limited. Correct? 19 MS. WAGSTAFF: Objection. Calls for
20 A. That's what's written here. 20 speculation.
21 MS. WAGSTAFF: Object to the form. 21 A. Part of the rubric or the preamble gives
22 BY MR. GRIFFIS: 22 the mechanistic group the ability — well, to
23 Q. And what would -- you were in the 23 propose an upgrade if the evidence warrants it.
24 plenary sessions, right, sir? 24 BY MR. GRIFFIS:
25 A. Yes. 25 Q. He says -- okay. And I want to finish
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1 out my question. 1 session, there was — there was debate. There was
2 Do you have any understanding as to 2 further analysis going on, but I was not privy to
3 the basis for the animal group's evaluation, as of 3 all that data analysis because I am not a cancer
4 March 9th, being limited? 4 biologist. So it was out of my — my expertise.
5 MS. WAGSTAFF: Objection. Asked and 5 Q. What was being said by the advocates for
6 answered. 6 the limited view in those sessions that you
7 A. I don't know. I don't know the basis of 7 witnessed advocating for a limited finding?
8 what was — what they considered limited. 8 A. What was said?
9 BY MR. GRIFFIS: 9 Q. Yes, sir.

10 Q. Earlier you told — you testified that, 10 A. I don't recall.
11 in your opinion, the most controversial issue with 11 Q. Who was making — who was making the
12 regarding to glyphosate was group 3's 12 points in favor of a limited deal?
13 classification as between limited and sufficient 13 MS. WAGSTAFF: Objection. Asked and
14 with regard to particular animal tumor data; is 14 answered. He said he didn't know that.
15 that right? 15 A. I really don't recall who was arguing.
16 A. This was the main issue. This was an 16 At this stage, I was busy getting my drafts
17 important issue. There was a lot of debate about 17 together, doing some fact-checking. I know there
18 it. 18 was lots of debate. It wasn't in my area of
19 Q. And when did you witness that debate or 19 expertise, so the — in the conversations that
20 hear about that debate? 20 were going in the group 3 where I wasn't present
21 A. In the plenary session. 21 for it.
22 Q. There was debate at the plenary session 22 Q. And in evaluating it as the most
23 between limited and sufficient in the animal study 23 contentious issue with regard to glyphosate at
24 group; is that right? 24 working group 112, what were you basing that on?
25 A. There was -  in the early plenary 25 Hearing people argue and not understanding the
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1 arguments or what? 1 Q. Any from group 4?
2 A. No. There was a — 2 A. Yes.
3 MS. WAGSTAFF: Objection. 3 Q. Who?
4 Argumentative. 4 A. Dr. Rusyn. He was — he was debating
5 A. Yeah. There was a lot of debate. There 5 the evidence.
6 was a lot of scientific debate about the evidence 6 Q. He was advocating for a finding of
7 about -- and how it fit with the preamble. 7 sufficient, correct?
8 BY MR. GRIFFIS: 8 A. I don't — that word "advocate," I —
9 Q. And as you're sitting here, you can't 9 you know, I don't recall if it was — he didn't

10 remember anything about that debate or who was 10 use the word "advocate."
11 advocating on which side? 11 Q. Yes, sir. You used the word "debate"
12 MS. WAGSTAFF: Objection. Asked and 12 earlier.
13 answered. 13 A. Yeah. Debate about the evidence. Or
14 A. I - 1 don't recall. I — I don't 14 there's debate about how to deal with this animal
15 recall the limited — who was advocating for 15 cancer bioassay data. We had, you know, multiple
16 limited. I don't recall who -  who was advocating 16 species getting tumors, different types of tumors,
17 for a limited stance. 17 so there was debate there.
18 BY MR. GRIFFIS: 18 Q. What analyses or reanalyses of the
19 Q. Was it only the members of the -  of 19 cancer data are you aware of from being a
20 group 3 who were having that debate, or was Chris 20 participant in working group 112?
21 Portier or Kurt Straif or Dr. Rusyn or anyone else 21 MS. WAGSTAFF: Objection. He testified
22 also participating in it? 22 he did not participate in the animal
23 A. There was debate with the whole group in 23 subgroups.
24 the plenary session. There was debate going on 24 A. I don't know what analyses or reanalyses
25 with several scientists. 25 were being conducted. I know on the — on the —
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1 they have — they stated in the monograph what 1 limited in animals because there are two studies
2 statistical analyses were being used. But I am 2 showing significant effect."
3 not familiar with what was done. 3 You see that, sir?
4 BY MR. GRIFFIS: 4 A. Yes.
5 Q. Okay. Was Chris Portier involved in the 5 Q. Did Dr. Rusyn express during this coffee
6 debate over whether the animal group conclusion 6 break meeting or any other time his position that
7 should be limited or sufficient? 7 limited was the wrong conclusion and sufficient
8 A. I don't recall him specifically. I 8 was the correct conclusion for the animal studies
9 don't can't recall. 9 group?

10 Q. Was Kurt Straif involved in that debate? 10 MS. WAGSTAFF: Objection as to scope.
11 MS. WAGSTAFF: You now asked him seven 11 This deposition was noticed to explore the
12 different times if he recalls who was 12 mechanism subgroup's conclusions about
13 involved in the debate on which side, and 13 glyphosate, and you are directly asking him
14 every time he said he doesn't recall. So I'm 14 about some other person's opinion on the
15 not quite sure we need to stay on this topic. 15 animal subgroup.
16 A. I don't recall if Kurt was involved in 16 A. I think he was questioning these two
17 the discussion. He may have been trying to 17 studies showing a significant effect, and I don't
18 form — you know, mediate, be a moderator, as his 18 recall which two studies they are. Again, I don't
19 role as the head of the IARC monographs. But 19 think he was strongly advocating limited or
20 that's, I mean, certainly not advocating for one 20 sufficient at that time.
21 side or the other. 21 BY MR. GRIFFIS:
22 BY MR. GRIFFIS: 22 Q. During this coffee break meeting or at
23 Q. Dr. Rusyn says, after he reports that 23 any other meetings with Dr. Rusyn, did he express
24 the animal group, as of March 9th, was — had a 24 in front of you what his questions were on the
25 finding of limited. "I have questions on the 25 classification as limited?
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i MS. WAGSTAFF: Same objection as to i Q. The first coffee break meeting that
2 scope. This deposition was noticed to 2 Dr. Rusyn convened on the second to last day of
3 explore the mechanism subgroup's conclusion 3 working group 112?
4 about glyphosate, and you're asking him 4 A. So it dealt with the mechanistic
5 questions about some other scientist's 5 evidence we had. We had given the qualitative
6 opinion on the animal subgroup. 6 descriptor of strong to both the genotoxicity data
7 A. I don't recall what his questions were 7 and the oxidative stress data. These were two of
8 about limited. 8 the ten characteristics of the human carcinogens.
9 BY MR. GRIFFIS: 9 And the debate or the question that was being

10 Q. Again, sir, the point of this meeting - 10 raised was whether we bring it forward to
11 this coffee break meeting on the second to last 11 upgrade -  as an upgrade in the plenaiy session.
12 day of working group 112 was to talk about an 12 Was it -  was the group comfortable with that
13 upgrade, which is an interaction between the 13 approach.
14 mechanism group's conclusions and those of the 14 Q. Was Dr. Rusyn's recommendation that the
15 animals study's group to alter the classification; 15 group bring it forward, and he was seeing if you
15 is this right? 16 were comfortable with that approach?
17 MS. WAGSTAFF: Object to the form. 17 MS. WAGSTAFF: Objection. Scope.
18 A. It was meeting to -  as to whether the 18 A. It wasn't his recommendation. He took a
19 mechanistic subgroup should bring forward to the 19 straw poll of the group -  of the subgroup.
2 0 whole group in the plenary session whether a 20 BY MR. GRIFFIS:
21 mechanistic upgrade should be voted on or asked 21 Q. Did he lay out the analysis before he
22 for. 22 took the straw poll?
23 BY MR. GRIFFIS: 23 A. The analysis was in the monograph in the
24 Q. Tell us what happened at this meeting. 24 drafts of the mechanistic section. So the
25

—

A. Which particular meeting? 25 rationale is in the monograph for labeling the

TSG Reporting - Worldwide 877-702-9580 37



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 39 of 398

P age  146 P age  147

1 genotoxicity data as strong evidence and the 1 right?
2 oxidative stress data as indicating strong 2 A. For malathion, we were at 2-A.
3 evidence. So the rationale was there. So we were 3 Q. And for the other two, he suggested
4 familiar with that. 4 considering an upgrade to 2-A, right?
5 Q. Okay. And as to all three of the 5 A. He was — yes. He was asking whether we
6 substances that he wanted to talk about — 6 should consider an upgrade to 2-A.
7 malathion, diazinon, and glyphosate — he was 7 Q. And the group decided to upgrade to 2-A
8 either supporting saying we support the 8 as to both of those, right?
9 classification in 2-A or suggesting considering 9 A. Glyphosate, we didn't upgrade. Right.

10 upgrade to 2-A, correct? 10 We did — didn't — there was no upgrade because
11 A. This is for glyphosate? 11 the final conclusion for the human data with
12 MS. WAGSTAFF: Object. 12 limited evidence — and for the animal data, it
13 BY MR. GRIFFIS: 13 was considered sufficient based on IARC's rubric,
14 Q. For malathion, diazinon, and glyphosate. 14 that constitutes a 2-A classification. So we did
15 Should I ask the question again. 15 not need to propose an upgrade.
16 sir? 16 Q. Well, when you walked out of this
17 A. Let me just read this. 17 meeting, what had you decided about proposing an
18 Q. Sure. Okay. 18 upgrade?
19 A. Okay, sir. Your question? 19 A. That's while the meeting is going on.
20 Q. Yes, sir. In this meeting that 20 So we — he had taken — we had taken a straw
21 Dr. Rusyn convened on the last day — second to 21 poll, and we supported the proposal to upgrade if
22 last day of working group 112, with regard to all 22 necessary. That never occurred, though. That
23 three of the substances that he addressed in his 23 never happened because it was 2-A based on the
24 e-mail, you were either already at 2-A or he was 24 animal data and the human data.
25 suggesting considering an upgrade to 2-A; is that 25 Q. So the outcome of this coffee break
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1 meeting on March 9th was the mechanism group 1 that.
2 agreeing to support an upgrade as to diazinon and 2 BY MR. GRIFFIS:
3 to glyphosate, but it never became necessary for 3 Q. Okay. Sir, on March 30th of 2015,
4 the mechanism group to put that into effect at a 4 someone named Nathaniel Harmon, who I assume you
5 plenary session because the animal group moved; is 5 didn't previously know, e-mailed you saying he
6 that right? 6 worked for Guide Point, inviting you to talk to a
7 A. For glyphosate. 7 client who was an institutional investor about
8 Q. For glyphosate. 8 glyphosate; is that right?
9 What happened with diazinon? 9 A. Yes.

10 MS. WAGSTAFF: Objection. Scope. 10 Q. And you declined the invitation but told
11 Irrelevant to this litigation. 11 Mr. Harmon some things about the nature of the
12 A. I can't recall. We'll have to look at 12 evaluation that you had performed as a member of
13 the monograph. 13 working group 112; is that right?
14 BY MR. GRIFFIS: 14 A. Yes.
15 Q. Okay. Was Chris Portier at that 15 Q. First of all, you corrected him that it
16 meeting, coffee breaking? 16 wasn't a study.
17 A. I don't recall. 17 It was a review of scientific
18 Q. Okay. And, sir, I have some questions 18 literature, right?
19 for you about your understanding of the nature of 19 A. Yes.
20 the review that you were conducting as a member of 20 Q. And you stress that IARC deals with
21 working group 112. I'll show you a document on 21 hazard identification as opposed to a risk
22 that first. Okay. If I can find it. 22 assessment; is that right?
23 (Exhibit No. 13-17 marked for 23 A. Correct.
24 identification.) 24 Q. And hazard identification, as you
2 5 MR. GRIFFIS: I only have two copies of 25 described to Mr. Harmon, is a classification
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1 indicating the strength o f the evidence that a 1 A. Okay. Got you.
2 substance can cause cancer, right? 2 Q. There's no numbers on the first two
3 A. Correct. 3 pages. Page 2, objective and scope, third full
4 Q. And it's different than a risk 4 paragraph. This is — this is the methodology
5 assessment, which defines the level of 5 that you were following. " C ancer hazard is an
6 carcinogenic risk for individuals; is that right? 6 agent that is capable of causing cancer under some
7 A. Correct. 7 circumstances; while a cancer risk is an estimate
8 Q. And you referred him to the IARC 8 of the carcinogenic effects expected from exposure
9 preamble on that subject? 9 to a cancer hazard," correct?

10 A. Yes. 10 A. Yes.
11 Q. Okay. And you have the preamble there, 11 Q. Okay.
12 sir. The preamble is Exhibit 10. 12 A. That's what the IARC preamble says.
13 A. Okay. 13 Q. And it says — it goes on to say in that
14 Q. On Page 2, sir, the preamble in the 14 same paragraph that, "The monograph identified
15 third full paragraph under objective and scope — 15 cancer hazards even when risks are very low at
16 A. I'm sorry. What page? 16 current exposure levels, and that's because new
17 Q. Page 2. 17 uses or unforeseen exposures could engender risks
18 A. Page 2. 18 that are significantly higher; is that right?
19 Q. Under the heading of objective and 19 A. Yes.
20 scope. 20 Q. Okay. So under this hazard versus risk
21 A. Iin  not finding it. 21 approach, it is possible for a substance to be a
22 Q. The pages — when I say Page 2 ,1 mean 22 hazard without actually being a risk to causing
23 the page numbered 2, not the second page. 23 human cancers.
24 A. Can you point it out to me? 24 Is that fair?
25 Q. I'm sorry. The numbers start here. 25 MS. WAGSTAFF: Objection. Calls for
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1 expert opinion. And it's — you've just 1 he didn't do risk assessments. So asking him
2 asked him to admit that the IARC doesn't look 2 whether or not humans are exposed at a level
3 at risk assessments, so now you're — you 3 that's dangerous is a back door way of asking
4 shouldn't be asking about risk assessments as 4 for an expert opinion, and it's
5 a fact witness on the IARC 112. 5 inappropriate.
6 A. This — so your question is hazard — 6 A. I'm not an expert in risk assessment.
7 hazard versus risk? 7 My role here was to study the toxicokinetic
8 BY MR. GRIFFIS: 8 database.
9 Q. Yes, sir. 9 BY MR. GRIFFIS:

10 A. And we were dealing with a hazard 10 Q. And you were a member of the whole
11 assessment in IARC. Risk assessments was not our 11 working group on the entire issue of mechanism,
12 job. 12 right?
13 Q. Right. And I just wanted to — these 13 A. Correct.
14 questions are so that we can understand and the 14 Q. Okay. Based on your work and your
15 jury can understand what you understood yourself 15 conclusions and what the mechanism group did, the
16 to be doing as a member of working group 112. 16 mechanism group's conclusions do not translate to
17 That's why I'm asking you about this, sir. 17 a statement that glyphosate is capable of causing
18 You understood, as a member of 18 cancer in humans at levels at which humans are
19 working group 112, in identifying glyphosate as 19 actually exposed.
20 being a cancer hazard, that it could be that 20 Because you didn't look at the
21 humans would not be exposed to glyphosate at a 21 exposure issue, correct?
22 level that could be a threat to them, whether it's 22 MS. WAGSTAFF: Objection. Calls for
23 a hazard or not. True? 23 expert opinion. It's not a negative or a
24 MS. WAGSTAFF: Objections. Calls for 24 positive finding in that way, I believe that
25 expert opinion. He's now said two times that 25 the doctor has said.
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1 A. There is an exposure subgroup in the 1 was for — not for risks but for hazards.
2 IARC panel that deals with exposures. 2 I'm not sure that we need to keep asking the
3 BY MR. GRIFFIS: 3 same question.
4 Q. No. T h e - 4 BY MR. GRIFFIS:
5 A. So there is evidence of exposure, human 5 Q. Okay. So that the jury can understand
6 exposure. 6 what you understood yourself to be doing and the
7 Q. Yes. Whether humans are exposed. 7 meaning of the procedure you were following in
8 A. Right. 8 following the preamble, sir, it is true that we
9 Q. And there's some information as to the 9 can't conclude that any particular human being

10 ways that they're exposed. 10 ever got cancer from glyphosate from IARC's
11 But my question is a little 11 findings.
12 different, sir. As a member of working group 112 12 Is that true?
13 and a member of the mechanism subgroup, your 13 MS. WAGSTAFF: Objection. Calls for
14 conclusions about glyphosate being a hazard with 14 expert opinion. Misstates the testimony and
15 regard to carcinogenicity does not translate into 15 the preamble.
16 a statement that glyphosate is capable of causing 16 MR. WHITE: Yeah. You only have to
17 cancer in any particular actual human at the 17 answer to the extent of your knowledge based
18 levels to which they are exposed? 18 on hazard versus risk. You do not have to
19 MS. WAGSTAFF: Objection. Calls for an 19 offer any kind of opinion.
20 expert opinion. That's not what he's tested. 20 A. I think you're asking me to give an
21 and he's lias admitted he's not an expert on 21 opinion.
22 risk assessment. This line of questioning is 22 BY MR. GRIFFIS:
23 inappropriate. 23 Q. I'm asking you to help the jury
24 MR. WHITE: I believe he's answered more 24 understand what hazard means, that you were doing
25 than one time that the analysis that they did 25 a hazard assessment and that you were aiming to
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1 point out the difference between hazard and risk, 1 assessment, that glyphosate has never caused
2 which you told them is done by regulatory 2 cancer in any human being?
3 bodies — risk assessment if done by regulatory 3 MS. WAGSTAFF: Objection. You're
4 bodies. 4 calling for an expert opinion again. He’s
5 MS. WAGSTAFF: I object. You're asking 5 just told you that all he can say is that
6 him to take the hazard definition and the 6 glyphosate — or that IARC found it a 2-A.
7 risk definition as put in the preamble and 7 And now you're asking him to apply and come
8 apply the risk definition to what they — the 8 up with an expert opinion, which is
9 IARC found about hazards. And I feel that 9 inappropriate.

10 that is an expert opinion, and I feel that 10 A. I'm not an expert in risk assessment, so
11 his attorney is appropriate in instructing 11 I can't really give you an answer on that.
12 him not to answer. 12 BY MR. GRIFFIS:
13 BY MR. GRIFFIS: 13 Q. Okay. Sir, so is it fair to say that
14 Q. IARC did not find that any human ever 14 you can't say whether IARC's conclusion that
15 got cancer from glyphosate, right? 15 glyphosate is classified as 2-A is consistent with
16 MS. WAGSTAFF: Objection. Misstates the 16 glyphosate never having caused any actual human
17 record. 17 cancer?
18 A. IARCs conclusion is that glyphosate 18 MS. WAGSTAFF: Objection. You're doing
19 falls under two way designation. Probably 19 a back door question to get him to give an
20 carcinogenic to humans. And that’s, I think, all 20 expert opinion, and that's inappropriate.
21 I can say. 21 BY MR. GRIFFIS:
22 BY MR. GRIFFIS: 22 Q. You can't say?
23 Q. Is it consistent or inconsistent with a 23 MS. WAGSTAFF: Same objection. Calling
24 finding of 2-A, given the scope of the review that 24 for expert opinion. I think it's
25 you conducted and given that it was a hazard 25 inappropriate.
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1 MR. WHITE: You can answer whether or 1 MR. WHITE: You don't have to answer
2 not you have knowledge but not — 2 that. We've been down this. You've asked
3 A. Glyphosate was deemed to be 2-A by the 3 the same question a number of times, and he's
4 working group. 4 given his answer.
5 BY MR. GRIFFIS: 5 MR. GRIFFIS: Let's take five minutes.
6 Q. Yes. sir. And as a member of the 6 VIDEOGRAPHER: Off record at 2:04.
7 working group, I just wanted to know whether it's 7 (A short recess was taken.)
8 your understanding that glyphosate could be 2-A 8 (Exhibit No. 13-18 marked for
9 and that no human being ever got cancer from 9 identification.)

10 glyphosate. Because that's a risk issue, not a 10 VIDEOGRAPHER: Back on record at 2:11.
11 hazard issue. 11 BY MR. GRIFFIS:
12 Is that your understanding, or am I 12 Q. Doctor, I handed you Exhibit 18, which
13 wrong about that? 13 is an Environmental Health Perspective, and I
14 MS. WAGSTAFF: Objection. Once again, 14 believe this is one you alluded to earlier in the
15 you're calling for an expert opinion. He's 15 deposition, correct?
16 told you what IARC did as a hazard report. 16 A. Yes.
17 He told you the conclusion. And you're 17 Q. This is the document setting forth what
18 asking him to apply a risk assessment. 18 you've called a few times the 10 key
19 A. I can't say for sure — you don't know. 19 characteristics of carcinogens; is that right?
20 You don't — 100 percent certainty that glyphosate 20 A. Yes.
21 never caused cancer, you can't say that. 21 MS. WAGSTAFF: Objection. Misstates the
22 BY MR. GRIFFIS: 22 testimony. He stated they were on the
23 Q. You can't say one way or the other? 23 website. And I object to any documents that
24 MS. WAGSTAFF: Objection. Calls for an 24 were after IARC being within the scope of
25 expert opinion. 25 this deposition.
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1 BY MR. GRIFFIS: 1 IARC website unrelated to a publication that
2 Q. Okay. Sir, where did you — how did you 2 they were a policy of the IARC. So any
3 come to understand that the source of the 10 key 3 suggestion that this was unpublished
4 characteristics of carcinogens which you were to 4 manuscript we would object to.
5 apply as a member of working group 112 came from 5 BY MR. GRIFFIS:
6 the Environmental Health Perspective document? 6 Q. Do you know, sir, if the procedure that
7 A. Well, Kate Guyton, the meeting rapitor, 7 you followed of putting carcinogens into ten
8 was an author on it. So she was aware of this 8 different bins was a published peer-reviewed
9 article. This was received 5th of March. So she 9 procedure before working group 112?

10 was aware, and she had given us a Powerpoint 10 A. So this -- this paper — the idea of
11 presentation on these key characteristics as a way 11 characteristics of carcinogens actually derives
12 to prepare for evaluating the data. There was 12 from an earlier paper published in Cell about the
13 a — I believe it was on the IARC website, too. 13 10 different cellular mechanisms that can happen
14 Q. So Kathryn Guyton had you follow this 14 during the carcinogenic process and cancer
15 procedure as part of your methodology. And it was 15 progression.
16 submitted — it was received by the journal 16 So it was -  there was a Cell paper
17 actually during the working group's review: is 17 published — oh, a few years ago by some eminent
18 that right? 18 cell cancer biologist who — who brought up the
19 A. Yes. It was received. 19 issues that these key characteristics of
20 Q. And it's correct that it hadn't been 20 carcinogens might fit into, like cell
21 accepted for publication until after working group 21 proliferation, receptor mediated effects
22 112 had already left; is that right? 22 genotoxicity, DNA repair.
23 A. Yes. 23 These -- these known mechanisms by
24 MS. WAGSTAFF: Object to the question. 24 which a cell becomes a cancer cell, the various
25

—

He stated that these 10 points were on the 25 steps that have to take place.

TSG Reporting - Worldwide 877-702-9580 41



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 43 of 398

Page 162 Page 163

1 Q. And did these Cell articles propose 1 A. Uh-huh (affirmative response).
2 using those the ten characteristics as a screening 2 Q. And, first of all, have you heard of
3 tool for hazard? 3 either the Ramazzini Institute or the Collegium
4 A. No. No, not at all. 4 Ramazzini?
5 Q. Do you know - 5 A. No.
6 A. This is -  yeah -  no. 6 Q. Never been asked to be a Ramazzini
7 Q. Okay. So this is the first publication 7 fellow?
8 that proposes using those ten characteristics as a 8 A. No.
9 screening tool for hazard? 9 Q. Okay. And do you know of any link

10 A. This one right here, DHP article, the 10 between the Ramazzini Institute or the Collegium
11 mechanistic data is vast, so this was a way to 11 Ramazzini and IARC?
12 organize and consolidate and compile the data -- 12 A. No.
13 Q. Okay. So as a - 13 Q. You ever heard of a Ramazzini fellow?
14 A. -  in a logical way. 14 A. No.
15 Q. Yes, sir. 15 Q. Okay. And I don't know well, sir.
16 So as a methodology, this process 16 You're making a face and shaking your head.
17 that you went through, this methodology that you 17 A. Oh, I'm sorry. This Ramazzini.
18 applied as a member of working group 112, didn't 18 Q. Does it ring a little bell, or you just
19 get published and peer reviewed until after you 19 have no idea what —
20 had already left Lyon. 20 A. No. I'm sorry.
21 Fair? 21 MS. WAGSTAFF: Are you seeing that word
22 A. This article wasn't i n - -yeah. In 22 on here, or is that just a different
23 press until after the -  until after the meeting. 23 question?
24 Q. Okay. I'd like to take a look at the 24 MR. GRIFFIS: It's not on here.
25 authors, sir. 25 MS. WAGSTAFF: Okay.
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1 BY MR. GRIFFIS: 1 Q. All right. And on Page 4 in the Smith
2 Q. Do you know, sir, that multiple authors 2 article, sir, under background, the second
3 of this paper and multiple signatories of EFSA 3 sentence, it says, "This exercise was complicated
4 letter that you were asked to sign off on and the 4 by the absence of a broadly accepted systematic
5 differences letter that Chris Portier asked you to 5 method for evaluating mechanistic data to support
6 sign off on were members of the Ramazzini 6 conclusions regarding human hazard from exposure
7 Institute or the Collegium Ramazzini? 7 to carcinogens."
8 A. No. 8 Did I read that right?
9 Q. Okay. You don't know anything about the 9 A. Yes.

10 funding of the Ramazzini Institute or Collegium 10 Q. Okay. Is it correct that, as of the
11 Ramazzini? 11 time the working group met, there was not a
12 A. No. 12 broadly accepted systematic method to evaluate
13 Q. Okay. This — in this paper under the 13 mechanistic data to support conclusions about
14 acknowledgment section on Page 2, it says, "We 14 human hazard to exposure to carcinogens?
15 thank all other members of the 2012 working group 15 A. I think there were approaches to
16 who attended the workshops in Lyon, France," and, 16 consolidate the data, but this was an attempt to
17 of course, you weren't part of a working group in 17 logically place the evidence in these — in these
18 2012; is that right? 18 10 key characteristics.
19 A. Thank all members of the 2012 working 19 Q. And since this article was submitted for
20 group? 20 publication, have there been other attempts by
21 Q. Yes. 21 others authors to do that?
22 A. Did you say volume 12? 22 A. I believe IARC uses this as their
23 Q. 2012. 23 approach in all — all mechanistic evaluations
24 A. 2012 working group. Yeah. Yeah. I 24 now.
25 wasn't a member of that. 25 Q. Yes, sir. I'm asking something
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1 different. I'm asking about published literature 1 A. Yes.
2 on the subjective use of mechanism in hazard 2 Q. Could you explain to the jury, please,
3 assessment. 3 what it means — the statement that "they are not
4 Has anyone else proposed an 4 mechanisms in and of themselves" means and what
5 alternative methodology to this one? 5 the statement "they are not adverse outcome
6 A. Not that I'm aware of. 6 pathways" means?
7 Q. Okay. Is that an area of literature 7 MS. WAGSTAFF: I’m going to object to
8 that you follow — that you'd be likely to know or 8 the use of this document as it was clearly
9 just don't happen to know? 9 developed and finalized after the monograph

10 A. It's not — no. I just don't know. 10 112, and Dr. Ross was not an author of this
11 Q. Okay. Now, on Page 6, I'm looking at 11 document. And he has testified that he —
12 the middle paragraph and starting about the middle 12 that they have a similar set of 10
13 of it. 13 characteristics, but not this document.
14 "Herein, we describe" — you see 14 A. I don’t really follow — I mean, I’m not
15 that? 15 sure what is meant by this sentence, as I didn't
16 A. Uh-huh (affirmative response). 16 write this sentence. I believe adverse outcome
17 Q. "Herein, we describe these 10 key 17 pathways relates to risk assessments.
18 characteristics and discuss their importance in 18 MS. WAGSTAFF: Objection. Calls for
19 carcinogenesis. These characteristics are 19 speculation on what others meant.
20 properties that human carcinogens commonly show 20 BY MR. GRIFFIS:
21 and can encompass many different types of 21 Q. This material — I mean, this is Kathryn
22 mechanistic influence. They are not mechanisms in 22 Guyton's proposal for how hazard assessments
23 and of themselves, nor are they adverse outcome 23 should be done, and she presented on this to you,
24 pathways." 24 correct?
25 Did I read that right? 25 A. This is of this whole group here, but
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1 Dr. Guyton did present to us the key 1 that's what it says.
2 characteristics — the 10 key characteristics. 2 A. Yes.
3 Q. And that's the procedure you followed? 3 BY MR. GRIFFIS:
4 A. And that is. 4 Q. Okay. And it is true, right? DNA
5 Q. Okay. You don't understand what was 5 damage is not a mutation?
6 meant by, "These 10 key characteristics are not 6 MS. WAGSTAFF: Object to the form.
7 mechanisms in and of themselves"? 7 A. DNA damage is -  can lead to a mutation.
8 A. I'm not — I'm clear on what this is 8 BY MR. GRIFFIS:
9 meant — "they are not mechanisms in and of 9 Q. And in order for DNA damage to lead to

10 themselves." I am not — I can't read the mind of 10 cancer, it needs to cause a mutation, and that
11 the author. 11 mutation has to be one that affects the cell in a
12 Q. Let's go to Page 10. Characteristic 2 12 way that leads to unchecked proliferation of
13 is genotoxic, and this is one of the two of the 13 cells, correct?
14 ten characteristics where the working group 112 14 MS. WAGSTAFF: Objection. This is
15 found a strong connection, correct? 15 calling for expert testimony and not the
16 A. Correct. 16 mechanism subgroup's about glyphosate.
17 Q. The weight of the evidence that you 17 A. So my direct responsibility was to do
18 evaluated was strong, right? 18 the toxicokinetic evaluation.
19 A. Correct. 19 BY MR. GRIFFIS:
20 Q. I am looking at the first full paragraph 20 Q. Yes, sir. And let me ask you about
21 under genotoxic and the last sentence, "DNA damage 21 that. There are -  in the IARC monograph, there
22 by itself is not a mutation," correct? 22 are multiple sections, correct? And multiple
23 MS. WAGSTAFF: Are you asking if that's 23 sections that the working group — that your
24 what it says, or are you asking — 24 group, group 4, was responsible for collectively,
25 MR. GRIFFIS: So far I'm asking if 25 right?
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1 A. Yes. So my section was specifically 1 to evaluate as a group — as a mechanism subgroup.
2 toxicokinetics. I wasn't writing on any of the 10 2 Q. And let me be clear. I wasn't asking
3 key characteristics in terms of draft fonn. 3 whether you'd be qualified to review those
4 Q. Yes, sir. 4 studies. I'm sure you would.
5 A. I wasn't responsible for that. 5 My question is whether, as you sit
6 Q. So if we went through in detail the IARC 6 here today, based on the knowledge in your head
7 monograph and looked at — I mean, for example. 7 and the work that you did in working group 112,
8 there's a section that addresses genotoxicity. 8 you would be qualified to answer detailed
9 right? 9 questions about those studies, about the tables,

10 A. Uh-huh (affinnative response). 10 about the significance of the studies to working
11 Q. And it lias multiple studies -  multiple 11 group 112's evaluation of genotoxicity?
12 tables, and those tables list multiple studies. 12 A. Well, it's — it's — it was a long time
13 and there are summaries of what the study showed 13 ago. Now, I am familiar with the evaluation, and
14 or didn't show. 14 it's in the monograph.
15 All of that is in there? 15 Q. Okay.
16 A. Correct. 16 A. So I — uh-huh (affirmative response).
17 Q. Would you be an appropriate person to 17 Q. Okay. Well, I asked the questions about
18 ask about the significance of those tables and the 18 the layout of the monograph and your expertise
19 evaluation of those tables and what it said in 19 because you said, look, I was in charge of
20 those studies and the significance of those 20 pharmacokinetic sections. So would you explain to
21 studies to a finding of genotoxicity or not? 21 us the distinction between the pharmacokinetics
22 A. I have a background in DNA adduct 22 section which you wrote in the first instance
23 research as a graduate student and as a post doc. 23 and — I'll wait for your mic to go back.
24 So I — yes. There are aspects that I would be 24 Okay. Would you explain to us the
25 appropriate too — it would be appropriate for me 25 distinction that you were trying to make between
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1 the phannacokinetic section, which you wrote in i A. We had points -- you know, there were
2 the first instance, and the other sections of 2 leads on each of those sections — on
3 group 4 in terms of what you know and can testily 3 genotoxicity, for example —
4 to and give opinions about? 4 Q. Yes, sir.
5 A. Right. So I wrote the drafts on the 5 A. — who were responsible for evaluating
6 toxicokinetics, the drafts that were started six 6 those studies and writing summaries about what
7 months before the meeting. That was my main 7 that data meant.
8 responsibility. I was at the meeting as this 8 Q. Sure. And they presumably read them
9 evidence is being presented, the genotoxicity 9 all, but you did not?

10 evidence and the oxidative stress evidence. 10 A. Yes. We did not have time.
11 And as a peer reviewer, as a 11 Q. Okay. And you didn't have time because
12 scientist peer reviewer, we are asked to evaluate 12 you weren't just looking at genotoxicity. You
13 those studies and decide whether they are strong 13 were looking other bins, and you were looking at
14 evidence, moderate, or weak evidence. So we are 14 four other chemicals?
15 peer reviewing in that process the data that's 15 A. There was a lot of data.
16 being presented and the arguments that are being 16 Q. Correct.
17 presented. 17 On the oxidative stress section,
18 Q. For example, with regard to glyphosate 18 that's where you did a peer review before you
19 and the multiple studies that were cited in tables 19 came, and you testified that you spent about a day
20 4.1,4.2,4.3. 4.4, 4.5 of the monograph and 20 and a half of total work on the peer review,
21 subject to genotoxicity, did you read all those 21 including writing up the comment, which took a
22 studies? 22 day.
23 A. I did not. 23 Did you read all of those studies?
24 Q. Okay. Did you read many of those 24 A. Some of the studies where I wanted to
25 studies? 25 understand the method that was used to measure
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1 oxidative stress, I looked at those papers. 1 MS. WAGSTAFF: Object to form.
2 Q. So you pulled some of the papers to look 2 BY MR. GRIFFIS:
3 up the methodology — 3 Q. Okay. On Page 20, sir. Well, first of
4 A. I was interested in that. 4 all, let's go to Page 18. And the Smith article
5 Q. ~  in those papers, and, otherwise, you 5 has a header here on Page 18. "Using the key
6 didn't read the oxidative stress studies unless 6 characteristics to systematically identify,
7 cited? 7 organize, and summarize mechanisms of
8 A. I did not read every single study that 8 information." Then there's a step one and on
9 was cited. 9 subsequent pages, step two and step three. And

10 Q. Did you read many of the oxidative 10 this is the methodology that was presented to you
11 stress studies in entirety? 11 by Kathryn Guyton that the working group followed?
12 A. I can't put a number on it. 12 MS. WAGSTAFF: Object to the form.
13 Q. Okay. As to the other characteristics. 13 A. I don't know if she presented it in
14 the other 10 characteristics — and I won't list 14 exact same detail as here.
15 them all here -  did you read the studies cited by 15 BY MR. GRIFFIS:
16 working group 112? 16 Q. Do you want to take a minute to read
17 A. For the other — for receptor mediated 17 three steps and see if this is the procedure that
18 and so forth? 18 you followed?
19 Q. Receptor mediated, et cetera? 19 A. So one issue is I wasn't binning the —
20 A. Those studies -  those characteristics 20 I wasn't tagging this information for glyphosate.
21 weren't considered strong, so less -  less weight 21 I mean, the toxicokinetics —
22 was put on them. 22 Q. I'm sorry. When I say the procedure you
23 Q. It's even less likely that you would 23 followed, I meant working group 112, not you
24 have read them; is that right? 24 personally as to every aspect of it.
25 A. Yes. 25 A. In general, yes. We used we used HAWC
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1 to tag studies. I think, in general, yeah, this 1 MS. WAGSTAFF: Objection. Calls for
2 is — it's fair. To help us compile the relevant 2 expert opinion. This has nothing to do with
3 information. 3 how monograph — a subgroup of the mechanism
4 Q. Under step 3, the first sentence is 4 came to a conclusion of glyphosate, whether
5 says, "It is increasingly evident" — under step 5 or not he believes that.
6 3, the first sentence, "It is increasingly evident 6 A. So I'm not a cancer biologist.
7 that multiple biological alterations or sets of 7 BY MR. GRIFFIS:
8 different perturbations are necessary to convert a 8 Q. Yes, sir.
9 normal cell to a transformed cell and ultimately a 9 A. It is out of my expertise, but there are

10 tumor." 10 several steps that have to take place. And that's
11 Did I read that right? 11 cited by Hanahan & Weinberg. That was the article
12 A. Correct. 12 I was referring to. Multiple — there's — there
13 MS. WAGSTAFF: Can you tell me where 13 are multiple steps in cancer.
14 you're reading from? 14 Q. That's the article from Cell that you
15 MR. GRIFFIS: Yes, sir. Step 3 on Page 15 were referring to earlier?
16 20? 16 A. Yeah. Yeah.
17 MS. WAGSTAFF: Oh, first sentence. 17 Q. Thank you.
18 MR. GRIFFIS: Yes, ma'am. First 18 Well, as someone who had — who is
19 sentence. 19 on the mechanism subgroup, did you understand
20 BY MR. GRIFFIS: 20 yourself to be trying to identify mechanisms by
21 Q. So a — an insult, like a genotoxic 21 which glyphosate could actually produce cancer in
22 insult causes DNA damage. More things need to 22 human beings?
23 happen in a cascade of events before that will 23 A. So the 10 key characteristics are what's
24 produce a tumor and produce a cancer. 24 known — human carcinogens, human cancers that are
25 Is that fair? 25 formed by carcinogens like tobacco smoke, they
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1 have usually two or more of these key 1 BY MR. GRIFFIS:
2 characteristics. They go through a mechanisms 2 Q. Yes, sir. Did you understand it to
3 that includes at least two or more of those key 3 be — from the briefings that you got about the
4 characteristics to cause tumors. 4 methodology that you were to follow, the
5 And so we were trying to use those 5 methodology set forth in the preamble, et cetera,
6 key characteristics to evaluate the glyphosate 6 that it was part of what you were there to do —
7 database. We were trying to compile the data 7 you being all of working group 112, not
8 within those key characteristics to see where the 8 necessarily you personally — to figure out how
9 strength of the evidence lay. 9 these mechanisms could actually lead to cancer in

10 Q. And did you consider it to be part of 10 human beings or if they did?
11 what you were doing to figure out if the 11 MS. WAGSTAFF: Same objection.
12 mechanisms you were looking at could actually 12 A. We were charged with determining whether
13 induce that chain of events that could lead 13 there was evidence in the glyphosate database —
14 hypothetically to human cancer? 14 the publicly available database that it had
15 MS. WAGSTAFF: Objection. Your question 15 aspects of these 10 key characteristics, was —
16 just says hypothetically. And now you're 16 what was the strength of evidence for those 10 key
17 again asking about the risk assessment and 17 characteristics.
18 back-dooring an expert opinion. And I do not 18 BY MR. GRIFFIS:
19 think this is an appropriate scope to ask 19 Q. And did group 4 take the next step of
20 about risk. 20 linking up what you found with regard to the 10
21 A. So it — of course, if we could identity 21 key characteristics, the two that were strong with
22 mechanisms, that would be important in any 22 regard to glyphosate to any additional steps in
23 evaluation in terms of how a compound causes 23 the chain between DNA insult and on one end of the
24 cancer. 24 chain and cancer on the other end of the chain?
25 25 A. So what we identified in subgroup 4 in
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1 terms of genotoxicity was that the mechanism was 1 additional events, like mutations, for example.
2 operable in human cells. Mechanism — the key 2 Like mutations.
3 characteristic of genotoxicity, actual damage to 3 And my question is, did the
4 the nucleic acids. So that was deemed to be 4 mechanism group or any other group you know of as
5 operable in humans and human cells in vitro. 5 part of working group 112 find any of those
6 Q. Yes, sir. 6 additional steps occurring — find that the
7 And did you also reach any 1 mechanisms actually produced any of the additional
8 conclusions about whether the mechanism then led 8 steps — caused mutations, caused mutations that
9 to the next step in carcinogenesis or whether it 9 lasted, caused mutations that weren't repaired,

10 may have stopped there? 10 caused mutations that were relevant to produce
11 A. We had strong evidence for genotoxicity 11 cancer, led to cancer?
12 and for oxidative stress. 12 MS. WAGSTAFF: Objection. You're asking
13 Q. Okay. Do you understand what I'm asking 13 the same question that the attorney — that
14 you, sir? 14 Attorney White told him not to respond to
15 A. I think I do, but I - 1 don't - 15 earlier, and that is an expert opinion on the
16 Q. Okay. 16 risk assessment. And when you said probably
17 A. I'm just telling you what we have. 17 15 times, have you ever found that it caused
18 Q. Yes, sir. I do. I understand what you 18 it in humans, and he — and right before the
19 have. 19 end. And now you've just rephrased your
20 So you agree with me that there are 20 question, and you're asking it again. I
21 potential insults to DNA on one side that would 21 think that's inappropriate, and I object.
22 include oxidative stress and the genotoxicity 22 BY MR. GRIFFIS:
23 findings that were set forth in the monograph. 23 Q. And to be clear, sir, what I'm asking
24 And then in order for actual human cancers to be 24 you is whether IARC or whether the mechanism group
25 created, there would need to be a series of 25 or anyone else at IARC that you know of followed
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the chain of evidence that you see and found any 
further than identifying the initial insult to 
DNA.

MS. WAGSTAFF: Same objection.
A. So there are — there is definite 

evidence of damage to DNA, chromosomal 
aberrations, micronuclei that indicate damage to 
the nucleic acids. And that's in the tables.
Those are in the tables.

And that's -- that's as far as -- 
we — we -- if it was there, if there was linkages 
further down the hne, we would have tried to look 
for that. Obviously, those 10 key characteristics 
are all points along that progression from the 
initial insult to actual tumor. These 10 key 
characteristics involved those steps. So we are 
looking for those steps. We are trying to make 
the linkage.
BY MR. GRIFFIS:

Q. Okay. And you found two?
A. We found two key characteristics of — 

and those are genotoxicity and oxidative stress.
Q. Do you know of studies have been done 

looking at whether the actual presence of some of 
10 key characteristics matches up with actual
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carcinogenicity in multiple substances''
MS. WAGSTAFF: Objection to scope.

A. So there's — what I understand is in 
group — there are some group chemicals that 
exhibit at least two of the 10 key 
characteristics 
BY MR. GRIFFIS:

Q. And do you know whether large 
statistical analyses have been done matching up 
positive findings and the 10 key characteristics 
with whether a substance is a known carcinogen and 
finding that there is or is not a relationship 
between those two things?

MS. WAGSTAFF: Object to the form.
A. I haven't done that analyses.

BY MR. GRIFFIS:
Q. Okay. Do you know of anyone —
A. Analysis. I don't — I can't recall. I 

don't know that. I know it's — yeah. There's 
some data out there, but I'm not aware of it, 
exactly what it is — where it is.

Q. Okay. As to the other eight 
characteristics — and I'll run through them 
quickly just so you can remember what they are. 
And here's my question. As to other eight, IARC
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working group 112, subgroup 4, either found that 
it doesn't appear to be applicable at all or found 
that the evidence was weak, which is the lowest 
classification you could give it, correct?

And that's — shall I run through
them?

A. The ten key characteristics — or the
other eight? Sure.

Q. Other than genotox and oxidative stress, 
found —

A. The others —
Q. — no evidence or weak —
A. Or moderate. Maybe there was moderate.

I don't remember. One of the key characteristics 
may have been labeled moderate, but I can't — I 
don't recall exactly.

Q. We can — I can point you to where it 
is — each one is in the monograph if you would 
like. They're all no evidence or weak.

Act as an electrophile, altered DNA 
repair causing dynamic instability. That's two so 
far. Induce genetic alterations, chronic 
inflammation, immunosuppressive, modulate receptor 
mediated effects, immortalization, alter cell 
proliferation, cell death, nutrient supply.
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A. Okay.
Q. So weak or no evidence as to those?
A. I will have to look at the monograph.

I - -1 don't remember —
Q. All right.
A. -- specifically those because our focus 

was on oxidative stress and genotoxicity.
(Exhibit No. 13-19 marked for 
identification )

BY MR. GRIFFIS:
Q. Exhibit 19 is the monograph, sir. And 

if you'll turn to Page 77.
A. Okay.
Q. Left-hand column, the tiniest paragraph 

in the column. "Glyphosate is not electrophilic."
A. Yes.
Q. Okay. Next one, "Altered DNA 

repairs/cause genomic instability"?
A. Okay. Where is this?
Q. On 73.
A. Page 73.

MS. WAGSTAFF: Where on Page 73?
Q. 4.2.5, other mechanisms. We can take 

out several of them here. "No data on 
immortalization or genetic alteration, altered DNA
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1 repair, or instability after exposure to 1 A. Yes.
2 glyphosate were available to the working group." 2 Q. So do you agree with me that, other than
3 A. Okay. 3 genotoxic and oxidative stress, as to the 10 key
4 MS. WAGSTAFF: Object to the form. It 4 mechanisms, the working group either found no
5 says were available. 5 evidence or found the evidence to be weak?
6 BY MR. GRIFFIS: 6 MS. WAGSTAFF: Objection. Misstates the
7 Q. Working group found no evidence on 7 record. I think you read that there was no
8 those; is that right? 8 data available in a few of those.
9 A. There -- well, no data available to 9 A. There was no data available to evaluate

10 examine those. 10 some of these key characteristics, or if there
11 Q. Page 78. Weak evidence is at the top of 11 was, it was deemed to be weak evidence.
12 the first column. "Weak evidence that glyphosate 12 BY MR. GRIFFIS:
13 or glyphosate based formulations induced receptor 13 Q. Okay. You didn't have —
14 mediated effects." 14 A. On the other key — on those other
15 A. Okay. Yes. 15 eight. Either the data wasn't there or if there
16 Q. Weak evidence, next — start of the next 16 was data, it was deemed not to operate through
17 paragraph, "Weak evidence that glyphosate may 17 that mechanism.
18 effect cell proliferation or death." Next 18 Q. And you did what you considered to be a
19 paragraph, "Weak evidence that glyphosate may 19 comprehensive search to find any data that
20 affect the immune system, both the human and 20 existed, right?
21 cellular response." 21 A. It was a — yeah. Yes. Absolutely.
22 Next paragraph, "With regard to the 22 (Exhibit No. 13-20 marked for
23 other key characteristics of being a carcinogen, 23 identification.)
24 the working group considered that the data were 24 BY MR. GRIFFIS:
25 too few for an evaluation to be made. 25 Q. Okay. Exhibit 20.
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1 MS. WAGSTAFF: Uh-huh (affirmative i We just found that in the monograph
2 response). 2 itself, right?
3 BY MR. GRIFFIS: 3 A. Correct.
4 Q. Sir, this is another document that you 4 Q. Okay. And genotoxicity — and you wrote
5 provided to us or that you provided to your lawyer 5 in, "In vivo evidence on genotoxicity of
6 and they provided to us perhaps. 112 mono 4 — 6 glyphosate largely" --
7 that's working group 112, monograph 4, mechanistic 7 A. Can I clarify one point?
8 evidence summary. 8 Q. Yes, sir.
9 And the first section is 9 A. I summarized the toxicokinetics. These

10 toxicokinetics; is that right? 10 key characteristics were — I didn't — I didn't
11 A. Correct. 11 make this part of the summary. I just -- whoever
12 Q. Is the toxicokinetics section here 12 and I - 1 just provided the toxicokinetic
13 something that you prepared? 13 bullets.
14 A. I would have had prepared this, yes, as 14 Q. Okay. Who made the key characteristics
15 a summary of the — of the section. 15 section?
16 Q. Okay. So this is a document that you 16 A. I don't recall. I don't recall. It
17 created summarizing the toxicokinetic information 17 may — one of the -- one of the five of us who was
18 that you were finding? 18 on that subgroup.
19 A. Yes. This would have been the high 19 Q. All right. It was sort of created at
20 points to highlight. 20 the — at the working group 112 while you were in
21 Q. All right. And you created this when? 21 Lyon by someone in your group but not you?
22 A. This would have been created — we 22 A. Correct.
23 created these summaries at the meeting. 23 Q. Genotoxicity. It says, "In vivo
24 Q. Okay. Key characteristics 24 evidence on genotoxicity of glyphosate is largely
25 electrophilicity, glyphosate is not electrophilic. 25 inconsistent in studies in rodents, and no
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1 conclusions can be drawn from human studies due to 1 A. So an AIMS test is a mutagenicity assay
2 mixed exposures to pesticides and other 2 in which bacteria — salmonella bacteria are
3 chemicals," correct? 3 exposed to the chemical of interest and whether
4 A. That's what it says. 4 there are DNA damage — DNA damage that results in
5 Q. Okay. "In vitro data in human and 5 mutations resulting. The addition of the
6 animal cells contain some evidence of genotoxicity 6 metabolic activation system is often used to
7 of glyphosate and AMPA; however, a number of 7 bioactivate the chemical in question to a DNA
8 studies failed to observe evidence of 8 reactive molecule.
9 genotoxicity." 9 Q. So this is a test that looks a step or

10 I read that right? 10 two down the chain that we've been talking about
11 A. Yes. 11 from DNA damage on one end to actual mutations,
12 Q. "Positive studies for glyphosate, AMPA, 12 and it finds whether there are mutations, both in
13 and commercial formulations for glyphosate are 13 the presence of the chemical being metabolized and
14 available in a variety of plants, fish, and other 14 not metabolized, right?
15 marine organisms." 15 A. Yes. It's a mutagenicity assay using a
16 I read that right, correct? 16 prokaryotic organism, not a mammalian cell. A
17 A. Uh-huh (affirmative response). Yes. 17 bacterial cell.
18 Q. And then, "The majority of standard AIMS 18 Q. And it's universally used by regulatory
19 test bacterial strains were not affected by 19 agencies as a critical cancer screening tool; is
20 glyphosate or AMPA even in presence of metabolic 20 that right?
21 activation," right? 21 A. It is widely used.
22 A. Correct. 22 Q. Okay. Do you know of anyone who doesn't
23 Q. Would you explain to the jury how an 23 use it?
24 AIMS test works and what the role of metabolic 24 MS. WAGSTAFF: Objection.
25 activation is in an AIMS test? 25 A. I don't know.
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i BY MR. GRIFFIS: 1 in studies in rodents change?
2 Q. Okay. All right. Now, during your 2 A. It became stronger.
3 discussions with group 4 -  subgroup 4, tell me 3 MS. WAGSTAFF: Object to summation.
4 what you discussed about the in vivo evidence on 4 BY MR. GRIFFIS:
5 genotoxicity of glyphosate being inconsistent in 5 Q. And what caused it to become stronger
6 studies in rodents. 6 specifically?
7 What was inconsistent about the in 7 A. So I don't know specific information
8 vivo evidence on genotoxicity? 8 about -  about this, but I know we were in the
9 A. I don't — this could — this is an 9 meeting. We're evaluating the data at the

10 earlier draft. I don't recall what was considered 10 meeting. We're debating the data. It's not
11 inconsistent about it. There are tables with 11 locked. It's not carved in stone when we get to
12 information on the in vivo evidence of 12 Lyon. There's a debate that goes on, a peer
13 genotoxicity in some rodent species. So I don't 13 review that goes on throughout the week. So
14 recall what was considered inconsistent about the 14 things change. Things are in flux. This is —
15 studies. 15 there's scientific debate.
16 Q. And do you consider that the group's 16 Q. Okay.
17 opinion as to whether the studies were 17 A. I -  so that — it's whatever is in the
18 inconsistent changed over time? 18 final monograph is the final evaluation.
19 A. There — there was more evaluation 19 Q. And is it fair to say -  you know, and I
20 occurring during the meeting. 20 understand that we're here to question you as a
21 Q. Did the - 21 fact witness and what you remember, not
22 A. There was more evaluation of the — of 22 necessarily what the other members of the group
23 the data. 23 remember, sir.
24 Q. Did the group's opinion that the in vivo 24 But is it fair to say that what you
25 evidence on genotoxicity was largely inconsistent 25 remember is that the group's conclusion at some
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1 point was that in vivo evidence on genotoxicity of 1 Q. So was this Dr. LeCurieux's initial
2 glyphosate was largely inconsistent in studies in 2 view, or was it the view of the group after some
3 rodents. Over time, the opinion strengthened in 3 discussion at some point during the process?
4 favor of more consistency, and you don't remember 4 A. I don't know who wrote this key
5 specifically why? 5 characteristics section at this — you know, I
6 MS. WAGSTAFF: I'm going to throw an 6 don't know who wrote it. Whether it was Dr.
7 objection in there as to foundation. That 7 LeCurieux, I'm not sure.
8 was the group's opinion. Dr. Ross testified 8 Q. There was nobody who was tasked with
9 he didn't write this and is not sure who 9 writing all of these sections, correct?

10 wrote this. This could be the opinion of one 10 A. The summaries?
11 scientist and not the entire subgroup. 11 Q. Yes, sir.
12 A. So what you've got here, what you were 12 A. I was tasked with summarizing the
13 able to get was before the peer review of the 13 toxicokinetics for each compound for each of these
14 group. So we were charged with writing summaries, 14 summaries.
15 and further analyses would have taken place, 15 Q. My point is that there was nobody who
16 debate. I do — I do think I can say that the 16 was tasked with writing a electrophilicity and
17 strength of the evidence of genotoxicity in 17 genotoxicity and altered repair genomic
18 nonhuman mammalian systems strengthened over the 18 instability and chronic inflammation or oxidative
19 week. 19 stress and receptor mediated and proliferation or
20 BY MR. GRIFFIS: 20 death and immunosuppression and epigenetic effect
21 Q. Well, the person who was in charge of 21 and immortalization. This would have to be —
22 drafting the genotox section was Frank LeCurieux 22 A. I don't know if it was done as a group
23 as we've established, right? 23 or one individual person did each of these key
24 A. I'm — yes. I'm pretty certain about 24 characteristics. I — again, because of my focus
25 that. 25 on toxicokinetics, I don't know the answer.
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1 Q. In the initial drafting assignments, i draft the key characteristics section o f this
2 there was no one person who was in charge of all 2 document.
3 of that? 3 A. I can't speak to what was meant — what
4 A. S o - 4 was — what this author was writing here because
5 Q. So this isn't somebody's first draft? 5 it became clear that there were some important
6 A. Well, this is someone's first draft of 6 studies in exposed humans that suggested or
7 the summary. 7 indicated a genotoxic effect.
8 Q. Of the summary after the group came 8 BY MR. GRIFFIS:
9 together and talked, right? 9 Q. You're talking about the exposed people

10 MS. WAGSTAFF: Objection. Foundation. 10 in Ecuador?
11 A. This — well, these were — these were 11 A. Columbia.
12 being drafted at the meeting. 12 Q. Columbia. I got the border correct.
13 BY MR. GRIFFIS: 13 Those are the studies you mean,
14 Q. Could this be a summary of all of the 14 though?
15 first drafts? 15 A. That's in table 4.1.
16 A. It's possible. I don't really know. I 16 Q. 4.1. Those are the studies you mean,
17 don't know at what stage this was being — at 17 not other ones?
18 which stage this is at. 18 A. I'm referring to Bolognesi.
19 Q. Okay. What was said, to your 19 Q. Okay. Now, but this was something that
20 recollection, about the position that no 20 was discussed in the group? This genotoxicily
21 conclusions can be drawn from human studies due to 21 stuff was discussed as the group's -
22 mixed exposure pesticides and other chemicals with 22 A. Yes.
23 regard to genotoxicity? 23 Q. -  opinions evolved over time, right?
24 MS. WAGSTAFF: Objection to you're 24 A. Yes.
25

—

asking questions, as Dr. Ross said he didn't 25 Q. Okay. And so what I'm asking you is
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1 what you recall the group discussing with regard 1 correct?
2 to the position that no conclusions can be drawn 2 MS. WAGSTAFF: I'm going to object on
3 from human studies due to mixed exposures to 3 using that key characteristic because he said
4 pesticides and other chemicals. 4 he didn't know who wrote it, and he didn't
5 A. This is where — 5 even know it was a group opinion.
6 MS. WAGSTAFF: Same objection. 6 A. Well, I can say that the — the — an
7 A. — I was so focused on the 7 important study was the Bolognesi study because it
8 toxicokinetics that I don't know the specific 8 dealt with exposure to glyphosate both before —
9 details about that. 9 it indicated that there was evidence of

10 MR. GRIFFIS: Okay. Let's take five or 10 genotoxicity being exposed to humans.
11 ten minutes. 11 BY MR. GRIFFIS:
12 VIDEOGRAPHER: Off record at 3:00. 12 Q. In the monograph, sir, which I take it
13 (A short recess was taken.) 13 is 19, all right. Exhibit 19, monograph, Page 77.
14 VIDEOGRAPHER: Back on the record at 14 In looking at the right-hand column at the top,
15 3:08. 15 sir. The evidence for genotoxicity caused by
16 BY MR. GRIFFIS: 16 glyphosate formulations is strong. And it says
17 Q. Okay. Sir, before the break, we were 17 there was three studies of genotoxicity — end
18 talking about Exhibit 20 which says in the section 18 points and community residents exposed to
19 entitled genotoxicity no conclusions can be drawn 19 glyphosate based formulations, two of which
20 from human studies due to mixed exposures to 20 reported positive associations, right?
21 pesticides and other chemicals. 21 A. Uh-huh (affirmative response).
22 And you talked about how the 22 Q. And those are the Bolognesi study — the
23 evidence -  how the views of the group changed 23 Bolognesi study and Tu Pas y Nino (phonetic)
24 over time based on human exposures, and you 24 study; is that right?
25 specifically cited the Bolognesi study to me, 25 A. Is that in table 4.1? Yeah.

P age 200 P age 201
1 Q. Yeah. 1 The one that you cited to me was
2 A. Pas y nino, yes. 2 the Bolognesi study, correct?
3 Q. And it says that two of the three 3 A. Yes.
4 studies reported positive associations. 4 Q. Okay.
5 Do you recall discussing at 5 (Exhibit No. 13-21 marked for
6 subgroup 4 that the second pas y nino study — 6 identification.)
7 2011 study followed up on the first and found no 7 MS. WAGSTAFF: I would object to going
8 lasting alterations? 8 through specifically articles in the fact
9 A. It would have been discussed. 9 that this was the subgroup's conclusion about

10 Q. Do you recall that discussion? 10 glyphosate, and Dr. Ross is just one portion
11 MS. WAGSTAFF: Objection. Foundation. 11 of that. He's sitting here in the context of
12 A. Sony? 12 a deposition. Asking him to go through
13 BY MR. GRIFFIS: 13 scientific data I don't think was what was
14 Q. Do you recall that discussion? 14 contemplated by the order.
15 A. I don't. 15 BY MR. GRIFFIS:
16 Q. Okay. You don't recall that there was a 16 Q. I'm sorry. Here you go, sir.
17 first pas y nino study finding formation of some 17 And when you cited to me before the
18 micronuclei that was associated with exposure to 18 break the Bolognesi study specifically as evidence
19 Roundup, and the second study looking for lasting 19 of glyphosate causing genotoxicity damage in human
20 damage found none? 20 beings, what was your — what was the point of
21 MS. WAGSTAFF: Objection to foundation. 21 citing that work to me?
22 BY MR. GRIFFIS: 22 A. Because it showed in exposed humans —
23 Q. Do you recall that? 23 humans that were exposed to glyphosate based
24 A. I don't recall. 24 formulations, that the level of genotoxicity
25

—

Q. Okay. We'll look at them then. 25 immediately following the exposure was greater
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1 than baseline levels that were taken prior to the 1 strong pieces of evidence.
2 spray of the glyphosate based formulation. 2 Q. Was it the strongest?
3 So there was evidence in an exposed 3 A. I can't — I'm not — I can't say that.
4 population of genotoxicity caused by the — by the 4 It — there was a lot of weight on it because it's
5 agent. 5 in an exposed population.
6 Q. And what was the significance of that to 6 Q. Okay. Please —
7 subgroup 4? 7 A. In vivo — in vivo, too.
8 A. So — because it's evidence in vivo that 8 Q. Please explain what -- okay. You said
9 glyphosate may cause damage — genetic damage to 9 there's a lot of weight on it because, A, it's in

10 cells within an exposed population. 10 an exposed population and, B, in vivo.
11 Q. And what was the importance of the 11 Would you explain to the jury the
12 Bolognesi study to subgroup 4 in its conclusion 12 significance of those two points, please?
13 that there was strong evidence of genotoxicity? 13 A. Because the mechanism may operate in
14 MS. WAGSTAFF: Object to form. 14 humans. The mechanism of genotoxicity may be
15 A. Because looking at exposed populations 15 occurring in exposed populations.
16 to an agent and seeing evidence of DNA damage is 16 Q. Okay. And why is that important to a
17 strong evidence that it is occurring, that it can 17 finding of genotoxicity?
18 occur. 18 A. Because it's becomes the real world.
19 BY MR. GRIFFIS: 19 It's a human population exposed to the agent, and
20 Q. So the Bolognesi was one of the strong 20 these people had evidence of genotoxicity. So
21 pieces of evidence that you were relying on for 21 they're -- it's a real world situation.
22 your conclusions? 22 Q. Did you read the Bolognesi study while
23 A. Not the only piece. 23 you were at working group 112?
24 Q. Yes, sir. One of the strong pieces? 24 A. I have looked at it, yes.
25 A. One of the — one of — one of the 25 Q. Okay. And did you do it before subgroup

P age  204 P age  205

1 4 came to its conclusions? 1 the —
2 A. No, I did not. 2 BY MR. GRIFFIS:
3 Q. Okay. This was after you left Lyon? 3 Q. Yes, sir. I was about to say that. If
4 A. Yes. 4 you need to read any other part of article other
5 Q. Let's take a look at it. 5 than where I direct you to answer a question,
6 All right. First of all, though. 6 please feel free to do so. I'm going to start on
7 sir, do you know who in subgroup 4 did read and 7 Page 994, sir.
8 analyze this, other than obviously Dr. LeCurieux 8 MS. WAGSTAFF: Dr. Ross, do you need to
9 who drafted the genotoxicity section? 9 read the entire article?

10 A. I believe that our subgroup chair read 10 THE WITNESS: I'm familiar with it.
11 it. 11 I — if he — if there's a specific question
12 Q. You believe Dr. Rusyn did, too? 12 that I'll need time to analyze, then I'll let
13 A. Yes. 13 you know.
14 Q. Anyone else? 14 BY MR. GRIFFIS:
15 A. Not that I'm ware of. 15 Q. Okay. This is part of the discussion
16 MS. WAGSTAFF: Object to speculation. 16 section. The discussion section starts on 992,
17 And I also object to questioning on this 17 but I'm over on 994. The right-hand column, the
18 article. And I request that, if you're going 18 third paragraph.
19 to be asking him questions on this, that 19 And it's talking about something
20 Dr. Ross take the time and read this article 20 called BNMN. For the court reporter —
21 completely and refresh himself with it before 21 A. BNMN. It stands for binucleated cells
22 questions are asked. 22 with micronuclei.
23 BY MR. GRIFFIS: 23 Q. And that's what they are measuring in
24 Q. I'm going to direct you to some — 24 this study, right?
25

—

MS. WAGSTAFF: And if you need to read 25 A. Yes. One of the end points.
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Q. So the frequency of BNMN increased after 
spraying with glyphosate, but not consistently, 
correct?

A. Point to where you're — which paragraph 
now?

Q. The first sentence of the third 
paragraph. Right-hand column.

A. Oh, right-hand column?
Q. Yes, sir. Sorry.
A. Okay. I see where you're at.
Q. The results of — and it goes on to say,

"The results obtained with a second sampling 
carried out immediately after the glyphosate 
spraying showed a statistically significant 
increase in frequency of BNMN in the three regions 
where glyphosate was sprayed. However, this was 
not consistent with the rates of application used 
in the regions," correct?

A. Yes. And this was pointed out in the 
monograph.

Q. And then the first sentence of the next 
paragraph says, "There was no significant 
association between self-reported direct contact 
with eradication sprays and frequency of BNMN,"
correct?

:
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P age 208

A. Yes. That's what it says.
Q. Okay. At the bottom of that same 

paragraph, "Decreases in frequency of BNMN and the 
recovery period after glyphosate spraying were not 
consistent."

And it gives an example, correct?
A. And these points were brought up in the 

monograph.
Q. The next sentence — the first sentence 

of the next paragraph says, "Overall, these 
results suggest that genotoxic damage associated 
with glyphosate spraying as evidenced by the MN 
test is small and appears to be transient," 
correct?

A. This is a conclusion of these authors.
Q. And the authors concluded that — the 

authors observed that the changes that they saw 
were transient, correct?

A. One of the communities still had — one 
of the communities had lower levels four months 
after the spray compared to the four to five days' 
spray. So there was evidence of genotoxicity 
right after the spray, and four to five months 
later, that genotoxicity had — was not apparent.

Q. Now, when genotoxicity is repaired by

P age 209

the body, it's not leading to cancer, right?
A. What this paper suggested was there is 

evidence that genotoxicity, in three or four 
communities that were exposed to the glyphosate 
based formulation -  that there was a statistical 
increase in micronuclei immediately after the 
spray.

And what was strong about the 
study, in our opinion, was there were baseline 
samples taken immediately before the spray, and 
those same individuals were assayed four days 
after die spray, and there was a statistical 
increase in die micronuclei.

That was an important basis for 
putting a strength -  a strength descriptor on 
that -  on diis particular study.

Q. In doing so, you were disagreeing widi 
the conclusions of the authors themselves, 
correct?

MS. WAGSTAFF: Object to the form.
Argumentative.
A. We were -  in this -  you know, the 

analysis that was being done by die major 
participants who had reviewed this data was diat 
there was a statistical increase in the level of

8

9

10
11
12

13

14 
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DNA damage 
BY MR. GRIFFIS:

Q. The authors —
A. This was considered to be strength -- a 

strength to the study
Q. What the authors said — the authors of 

the study said — I'm on Page 995, the second 
column, and the second sentence of the first full 
paragraph.

"Based on the applicable Bradford 
Hill guidelines, it is not possible to assign 
causality to the increases in frequency of BNMN 
observed in our study," correct?

MS. WAGSTAFF: Can you tell me where you 
are?

MR. GRIFFIS: Page 995, right-hand 
column, first full paragraph, second 
sentence

MS. WAGSTAFF: Okay. Got it.
BY MR. GRIFFIS:

Q. That's what they said, right?
A. Yes. That's what's here.
Q. "There's a smaller frequency of BNMN and 

MOMN in the region of no pesticide use compared 
with the regions where pesticides, including
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P age 210 P age 211
1 glyphosate, were used, which is consistent with 1 individuals.
2 other reports in the literature. Although, 2 Statistically significant meaning
3 temporality was satisfied in the increase in 3 there's a higher number — statistically
4 frequency of BNMN after spraying, this response 4 significant increase in the level of genetic
5 did not show strength as it was not consistently 5 damage immediately following the spray. This
6 correlated with the rate of application. 6 was — this was considered important.
7 "Recovery was also inconsistent 7 Q. And all other causes of this in people
8 with decreases in frequency of BNMN in the areas 8 who were living near the Columbia/Ecuador border
9 or eradication spray, but not in the area where 9 being sprayed from planes with glyphosate

10 lower rates were applied on sugar cane," correct? 10 formulations, many of which being sprayed due to
11 MS. WAGSTAFF: Are you asking if that's 11 coca eradication — were those all ruled by the
12 what it says? 12 study?
13 BY MR. GRIFFIS: 13 MS. WAGSTAFF: Objection.
14 Q. Yeah. That's what it says? 14 Argumentative.
15 A. Yes. 15 A. I don't — I don't know. Again, my area
16 Q. Correct? 16 of expertise on this sub — subgroup was to do
17 And then second sentence in the 17 toxicokinetics analysis. I am just telling you
18 last paragraph of the article, "The smaller number 18 the subgroup was presented with this information
19 of subjects recruited in this study and small 19 that there was greater levels of genetic damage;
20 amount of information about the exposure precluded 20 that it was due to the glyphosate formulation
21 any conclusions," right? 21 being sprayed; and it was increased immediately
22 A. So, yes, that's what it says. However, 22 following the spray compared to baseline values in
23 the subgroup found that there was a statistically 23 the same individuals.
24 significant increase in micronuclei immediately 24 So there was evidence there that —
25 following the spray application in these 25 of genotoxicity that — that was considered

P age 212 P age 213
1 strong. 1 BY MR. GRIFFIS:
2 BY MR. GRIFFIS: 2 Q. Did the disagreement with the
3 Q. The two people in the group that 3 conclusions of the authors of the article — was
4 actually read this — that you know actually read 4 that disclosed in the monograph?
5 this before the conclusions came out are Dr. Rusyn 5 MS. WAGSTAFF: Objection. The monograph
6 and the person who wrote the section, Frank 6 speaks for itself. Argumentative.
7 LeCurieux. Correct? 7 A. I don't know. I don't — I don't know
8 MS. WAGSTAFF: Objection. I don't think 8 if it is or not.
9 he knows what everyone in the subgroup read. 9 BY MR. GRIFFIS:

10 A. Yeah. I don't know — I don't know what 10 Q. Okay. Do you know Dr. Solomon, one of
11 else — you know, I don't know about the other 11 the coauthors of the Bolognesi paper?
12 authors or the other participants. Whether they 12 A. I don't know him.
13 read it or not, I don't know. 13 Q. Okay. Do you know that he said in a
14 BY MR. GRIFFIS: 14 letter to editor — I'm sorry — in an interview
15 Q. Okay. But — 15 that IARC got his study completely wrong?
16 A. But I know — I do know that 16 A. I don't know that.
17 Mr. LeCurieux and Ivan would have read this. 17 Q. Okay. Did anyone tell you that he was
18 Q. And did they say — did you disclose in 18 quoted as saying, "They got this totally wrong.
19 the IARC monograph that the authors of the paper 19 They said the study showed there was relationship.
20 didn't find there was any association? 20 It's certainly a different conclusion than the one
21 MS. WAGSTAFF: Objection. The monograph 21 we came to"?
22 speaks for itself. 22 MS. WAGSTAFF: Objection. Dr. Ross just
23 A. Monographs — it — there's limitations 23 stated he didn't know.
24 that were described in the monograph. 24 A. About — about his comments? I don't
25

—

25 know about those comments.

TSG Reporting - Worldwide 877-702-9580 54



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 56 of 398

Page 214 Page 215
1 BY MR. GRIFFIS: 1 BY MR. GRIFFIS:
2 Q. Have you followed the discussions in the 2 Q. Have you been following those things
3 scientific community about IARC's methodology and 3 yourself, or are these things that people e-mail
4 IARC's conclusions followed you leaving working 4 you and you read when they happen to do that or
5 group 112? 5 what?
6 A. I am aware of press, yes, regarding — 6 MS. WAGSTAFF: Same objection.
7 Q. Not this specific one, but some other 7 A. I've been familiar with it.
8 press? 8 BY MR. GRIFFIS:
9 A. I don't recall this — seeing this. 9 Q. Okay. Have any of the people — and I'm

10 Q. And what have you followed? 10 talking about scientists who are commenting.
11 A. I have seen reports in the Morning 11 Have any of scientists who have
12 Consult and New York Times. 12 commented in a critical way about IARC made any
13 Q. Anything else? 13 points that you considered to be useful or
14 A. I have seen some stuff in Huffington 14 valuable critiques of the review that you did?
15 Post and Genetic Literacy Project and Monsanto's 15 MS. WAGSTAFF: Objection. Once again,
16 website. 16 completely irrelevant and outside the scope
17 MS. WAGSTAFF: I'm going to object about 17 of what the deposition allowed and requested.
18 questions regarding what he's seen in the 18 A. I believe what we did was appropriate
19 press regarding the 112, when the entire 19 on — based on the guidelines we were given in the
20 alleged purpose of this deposition was the 20 preamble and — yes. So I think what we did was
21 working group mechanism's decision-making 21 appropriate. I can't comment beyond that.
22 process, and what has happened since then in 22 BY MR. GRIFFIS:
23 the media is completely irrelevant. And I 23 Q. Okay. So you feel that you
24 believe that Judge Charbrio would agree. 24 appropriately followed the guidelines that you
25 25 were given?

P age 216 P age 217

1 A. Yes. 1 A. I'm not sure I understand the question.
2 Q. Have you seen any criticisms of the 2 BY MR. GRIFFIS:
3 guidelines that you were given you considered to 3 Q. Yes, sir. I'm trying to understand how
4 be valid or fair? 4 critical the oxidative stress findings were as
5 A. No. I haven't — no. I haven't seen 5 compared to the genotoxicity findings in your
6 criticisms of the guidelines we were given in the 6 conclusions that there was strong evidence that
7 preamble that I felt were — well, let me rephrase 7 mechanisms existed by which glyphosate could cause
8 that. I haven't really seen criticisms of the 8 cancer supporting, at one point, an upgrade which
9 guidelines. 9 you didn't end up needing to advocate, et cetera.

10 Q. Okay. Fair enough. 10 How critical were the oxidative
11 Now oxidative stress. You said 11 stress findings as compared to the genotox
12 that you did a peer review of that section. It 12 findings?
13 took about a day and a half of total time. 13 MS. WAGSTAFF: Again, I'll object to the
14 including sending in the comments; is that right? 14 fact that you're asking him to speculate on a
15 A. Yes. 15 hypothetical that never happened.
16 Q. Okay. Now, without the oxidative stress 16 A. In terms of the 10 key characteristics,
17 findings, what would the mechanism group's 17 they were equally important.
18 recommendation have been? 18 BY MR. GRIFFIS:
19 MS. WAGSTAFF: Objection. That calls 19 Q. There's no hierarchy in the 10 key
20 for speculation, and it's a hypothetical when 20 characteristics?
21 the subgroup actually did find oxidative 21 A. I'm not familiar with one.
22 stress in its totality of the evidence type 22 Q. Okay. Are they considered all to be
23 recommendation. And I don't think that 23 equal markers of carcinogenicity?
24 anything — any response would be anything 24 A. I don't think I am the one who can
25 more than speculation. 25 answer that.
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1 Q. Is anyone in the mechanism group one who 1 to put the evidence into the bins and assess
2 can answer that? 2 whether there was medium, moderate, or strong
3 A. I think they are all given equal weight, 3 evidence with regard to each of the bins, correct?
4 in general. There's a -- yeah. I can't say 4 MS. WAGSTAFF: Objection to form.
5 there's one given more weight than the other. 5 A. My job was to evaluate the toxicokinetic
6 Q. Okay. When you said, "I'm not the one 6 data on glyphosate.
7 to answer that," did you have someone in mind 7 BY MR. GRIFFIS:
8 who - 8 Q. And group 4's job -
9 A. No. 9 A. Group 4's job was to work on

10 Q. -  would be better able to answer that? 10 toxicokinetics, winch I was primarily responsible
11 A. I think a cancer biologist might be more 11 for, and to evaluate the data — the database on
12 appropriate to answer that specific question. 12 these 10 key characteristics.
13 We - 1 looked at these 10 key characteristics as 13 Q. So group 4's mission was to put the
14 all being equal. We are trying to find the body 14 evidence into the bins, into the ten categories,
15 of evidence that falls into each one of these key 15 and assess within each bin whether it was weak,
16 characteristics. What is the totality of the peer 16 moderate, or strong evidence or we have no data in
17 reviewed, published, openly available literature. 17 some cases, correct?
18 So I don't think there's any bias in terms of one 18 MS. WAGSTAFF: Object to the form. Use
19 over another. 19 of the word "mission."
20 Q. Okay, sir. Tell me if this is right, 20 BY MR. GRIFFIS:
21 then, that a cancer biologist may be better able 21 Q. Is that correct, sir?
22 to comment on the relevance of any particular one 22 A. Yes. Their — yes.
23 of the 10 key characteristics to formation of 23 Q. Okay.
24 cancer. 24 (Exhibit No. 13-21 and Exhibit No. 13-22
25 Your mission was different. It was 25 marked for identification.)

P age 220 P age 221
1 MS. WAG STAFF: Did you mark the 1 BY MR. GRIFFIS:
2 Bolognesi as 21, or do you want to? 2 Q. With regard to mechanistic, do you see
3 MR. GRIFFIS: I think so, yeah. 3 the three squares at the top — three rectangles,
4 MS. WAGSTAFF: Okay. This will be 22. 4 cancer in humans, cancer in experimental animals,
5 MR. GRIFFIS: Yes. 5 and mechanistic and other relevant data?
6 MS. WAGSTAFF: I'm going to object to 6 A. Yes.
7 using the exhibit considering we can't read 7 Q. Okay. And with regard to mechanistic
8 95 percent of it. 8 and other relevant data, which, of course, was the
9 BY MR. GRIFFIS: 9 portion that your group was focused on, there are

10 Q. Exhibit 22, sir, is an e-mail from Ivan 10 dotted lines blowing up some questions.
11 Rusyn that you produced as part of your production 11 "Identify, establish some likely mechanistic
12 to Lauren Zeise, Frank LeCurieux to you, and — I 12 events." And then there's some questions relevant
13 can't read the last one. 13 to that.
14 MS. WAGSTAFF: Was it produced by - 14 And, "Determine whether each
15 BY MR. GRIFFIS: 15 mechanism could operate in humans," and there's a
16 Q. What I want to ask you about is the big 16 question for that.
17 thing, not the little one. I mean, the rest of 17 Do you see that?
18 this that's very hard to read is primarily a list 18 A. Uh-huh (affirmative response).
19 of assignments — or recapitulation of the 19 Q. Now, do you recall the purpose for which
20 assignment list. 20 Dr. Rusyn sent this to you and the other members
21 What I want to ask about is this 21 of group 4?
22 large legible chart that Dr. Rusyn sent to members 22 MS. WAGSTAFF: Object to using this
23 of the subgroup 4. 23 document when you can't see the date. You
24 MS. WAGSTAFF: Object to foundation of 24 can't see who sent it. You can't see who it
25 this document. 25 was sent from.

TSG Reporting - Worldwide 877-702-9580 56



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 58 of 398

Page 222 Page 223
1 And did Hollingsworth, LLP, blow this 1 A. Correct.
2 up, or was it produced — 2 Q. Okay. The question I asked was, do you
3 MR. GRIFFIS: It was produced exactly 3 recall the purpose for which Dr. Rusyn sent you
4 like this. The smallness was exactly like 4 and other members of the group this chart with
5 this. 5 questions?
6 MS. WAGSTAFF: Okay. 6 A. This is before the meeting. We -- we
7 MR. GRIFFIS: Dated February 10th, 2015. 7 were having a teleconference, I presume. And this
8 Sent to Zeise, LeCurieux, Ross, and my eyes 8 was -- this is -- this looks like verbiage that
9 fail me for the third. 9 comes from the preamble and how to address the

10 MS. WAGSTAFF: I'll maintain my 10 mechanistic data.
11 objection since we can’t read tins, but go 11 Q. Okay. So you understood this to be some
12 ahead. 12 of the questions that you would be focused on
13 BY MR. GRIFFIS: 13 originating in the preamble in doing your
14 Q. Try to ask the question again? 14 mechanistic analysis.
15 A. Yeah. So... 15 Is that fair?
16 Q. Yes, sir. There’s three rectangles at 16 A. That’s what the preamble — yes. It
17 the top -- cancer in humans, cancer in 17 comes from the preamble.
18 experimental animals, and mechanistic or other 18 Q. Okay. On the issue of — I’m looking at
19 relevant data. You just said that that was — of 19 the first — first item. "Identify, establish
20 course, that was the area that group 4 was focused 20 likely mechanistic events" -- and the second
21 on. 21 question — the second set of questions asked,
22 And then there are these dotted 22 "Has each mechanism been challenged
23 lines that blow up some subpoints and questions 23 experimentally? Does supression of key
24 relevant to mechanistic and other relevant data, 24 mechanistic processes lead to supression of tumor
25 right? 25 development," correct?

P age 224 P age 225
1 A. Yes. 1 Kate Guyton, Matt Martin, and Lauren Zeise and
2 Q. Okay. And do you know of any data 2 Ivan Rusyn, correct?
3 looked at by working group — working group 112 at 3 A. Yes.
4 all showing that supression of genotoxicity or 4 Q. Okay. Later adding in Andy Shapiro. I
5 supression of oxidative stress, the mechanistic 5 would like to focus first on Kathryn Guyton's
6 processes that you identified, led to supression 6 March 13th, 2015 e-mail. Header of which is at
7 of tumor development? 7 the bottom o f the first page, and the text appears
8 A. By which — by glyphosate or glyphosate 8 on the second page.
9 formulations? 9 Okay. Tell me when you're ready,

10 Q. Yes, sir. 10 sir.
11 A. So to my knowledge, there are no 11 A. Trying to get a timeline of the day
12 evidence that suppressing those two would lead to 12 here. Okay.
13 supression of tumor development. I am not aware 13 Q. Okay. So, again, I'd like to start out
14 of any studies that looked at that. We — yeah. 14 with Kathryn Guyton's March 13th, 2015 e-mail.
15 There are supression of oxidative stress by the 15 The header is at the bottom of the first page, and
16 use of antioxidants when we looked at glyphosate. 16 the text is on the second page.
17 Q. But those just looked at oxidative 17 A. Okay.
18 stress end points and not tumor development, 18 Q. And she calls subgroup 4 the dream team
19 right? 19 and says those are Kind's words — Kurt Straif,
20 A. That’s right. 20 correct?
21 (Exhibit No. 13-23 marked for 21 A. Kurt Straif, yes.
22 identification.) 22 Q. Kurt Straif called subgroup 4 the dream
23 BY MR. GRIFFIS: 23 team?
24 Q. Okay. Exhibit 23, sir. This is an 24 A. That's what's written in this e-mail.
25 e-mail chain involving Frank LeCurieux, yourself, 25 Q. Is that the first time you saw that?
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1 A. I've seen this e-mail before. 1 Q. Well, it's talking about an animal
2 Q. That's not quite what I meant. 2 study, correct?
3 Is this the first time you heard 3 A. Well, it's talking about some animal —
4 group 4 be called the dream team when you saw this 4 Q. Animal carcinogenic study?
5 e-mail? 5 A. Yeah. Animal cancer bioassay. But the
6 A. Yes. 6 specific compound...
7 Q. Okay. She thanks you for your 7 MS. WAGSTAFF: Object to foundation of
8 contributions during the plenary session and then 8 this questioning. He's unsure if it's even
9 says, "We were all impressed that Matt Martin was 9 relating to glyphosate.

10 able to quickly calculate P values for the CA 10 A. I don't — I don't know if it relates
11 trend cut to aid interpretation of bioassay data." 11 specifically to glyphosate or not in this context.
12 I read that correctly? 12 BY MR. GRIFFIS:
13 A. Yes. 13 Q. Okay. First of all, let me ask you
14 Q. Okay. And CA means Cochran Armitage? 14 this. Were you aware of Dr. Martin performing
15 A. Yes. I believe so. 15 calculations on animal group studies?
16 Q. Okay. What — 16 A. I was vaguely aware. There was some —
17 A. I'm not a biostatistician, but I believe 17 he does statistics. He was doing some work at the
18 that's right. 18 meeting. I don't know the specifics of the
19 Q. All right. Now, what group was Matt 19 analyses or which compounds or which particular
20 Martin in? 20 animal bioassays were being examined.
21 A. He was in subgroup 4. 21 I don't know the specifics because
22 Q. And what was the bioassay data? What is 22 my focus was so much on the toxicokinetics during
23 that a reference to? 23 this stage of the meeting, that I don't know
24 A. Could be one of the five compounds. 24 which — which bioassay he is referring to.
25 I — I can't say with certainty which one it was. 25 Q. Were you aware that, during working

Page 228 P age  229

1 group 112, a Cochran analysis bioassay was i BY MR. GRIFFIS:
2 recalculated with regard to glyphosate? 2 Q. Is that something you recall from the
3 MS. WAGSTAFF: Objection. Foundation. 3 plenary sessions or from the other discussions
4 A. I — I can't remember specifically if it 4 that you participated in or heard?
5 was for glyphosate. There were several compounds. 5 A. I wasn't in subgroup 3, so I — I don't
6 It's possible. It's possible. 6 know the specifics. I wasn't in their
7 BY MR. GRIFFIS: 7 conversations about the statistical tests.
8 Q. This is a slightly different question 8 Q. Other than Matt Martin and Christopher
9 than do you remember what Dr. Martin did. This is 9 Portier, who do you know who was performing

10 specifically asking about glyphosate. 10 statistical analyses during working group 112?
11 Do you recall that a Cochran 11 MS. WAGSTAFF: Objection.
12 analysis bioassay calculation was performed with 12 A. I don't even know if Chris Portier was.
13 regard to glyphosate during working group 112? 13 I don't know.
14 MS. WAGSTAFF: Objection. Foundation. 14 BY MR. GRIFFIS:
15 A. I can't — with certainty, I can't 15 Q. Do you not know that Chris Portier was?
16 remember which one was being analyzed. 16 A. I don't know.
17 BY MR. GRIFFIS: 17 Q. Okay. And you told us he was there as
18 Q. Do you recall that that Cochran 18 the bio statistician. Correct?
19 analysis — I'm sorry — the Cochran Armitage 19 MS. WAGSTAFF: Object to the form.
20 analysis done on a glyphosate bioassay resulted in 20 A. Yes.
21 purported statistical significance where it had 21 BY MR. GRIFFIS:
22 not existed before? 22 Q. Did he spend time with groups other than
23 MS. WAGSTAFF: Objection. Foundation. 23 working group four? I'm sorry. Subgroup four?
24 A. I don't know the specifics of that. 24 A. I don't know if  he spent time with them.
25 25 Q. Was he present at all subgroup four
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1 meetings? 1 Q. Was it connected to IOPS or HAWC or any
2 A. Oh. I think there was one point he had 2 other particular system?
3 to step out. I don't remember which point. 3 A. I believe it is in IOPS. Maybe in HAWC.
4 Q. Okay. 4 I don't think so. It was — I think it was IOPSs.
5 A. There was a — I can't — he wasn't 100 5 Q. So in the IARC, the way it works, you
6 percent there. 6 enter bioassay incidents data and it automatically
7 Q. Okay. One session he stepped out? 7 runs peer wise end trend analyses and presents
8 A. Yes. 8 that data?
9 Q. Okay. Other than that — 9 A. I don't know anything about that.

10 A. I recall that. 10 Q. Okay.
11 Q. Other than that, he was in all of your 11 A. I don't know how it — how that works.
12 meetings? 12 Q. Do you know or would we have to ask
13 A. Other than that, yes. 13 someone else, whether both peer wise and trend,
14 Q. Okay. This document mentions IARC table 14 trend Cochran Armitage test are appropriate for
15 builder. Okay. Correct? 15 all bioassay incident data?
16 A. This e-mail? 16 A. It is not my expertise area. I believe
17 Q. Yes. 17 both were used.
18 A. Uh-huh (affirmative response). 18 Q. Do you know whether they are used under
19 Q. Okay. And do you know what the IARC 19 different circumstances, different sorts of data,
20 table builder is? 20 different rarities of end point et cetera or do
21 A. Yes. I didn't use it, but it — it was 21 you not know?
22 there to present data in the tables that you see 22 A. I don't — I don't know the details of
23 in the monograph. 23 that. I'm not with the peer wising and trend, I
24 Q. Okay. 24 don't know when is the most appropriate to use. I
25 A. But I didn't use it. 25 know in cancer bioassay data it is often used.
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1 Both types of tests. 1 speculation.
2 Q. Okay. You don't know when to pick one 2 BY MR. GRIFFIS:
3 and when to pick the other — 3 Q. I'm not asking you to opine on what she
4 A. That would be out of my area. 4 meant. Doctor. I'm asking you what input the
5 Q. That's fine. And to the first e-mail in 5 epidemiologist had on the Bolognesi study during
6 this document, the one from Katherine Guyton. 6 the deliberation of the working group 112? Or is
7 Frank LeCurieux is cc'ing you March 13th of 2015. 7 this something that happened that you don't know
8 She is responding to a suggestion, Mr. LeCurieux, 8 anything about?
9 to involve subgroup one and more analyses. That's 9 MS. WAGSTAFF: Also, objection to the

10 not the thing I want to focus on. She says a 10 fact that there were multiple Bolognesi
11 great suggestion. 11 studies.
12 And she says, "Unfortunately, I 12 A. I don't recall what -- what is being
13 among other toxicologist don't understand the 13 discussed regarding the epidemiologists. I could
14 epidemiologist and their exposure compadres. 14 only speculate.
15 However, I agree that their input, whatever it 15 BY MR. GRIFFIS:
16 meant on the Bolognesi study, which was critical 16 Q. Whatever —
17 and in the end as valuable as, quote, sheep dip, 17 A. What they were talking about.
18 with a monkey face?" 18 Confounders and so forth. So I — it is not — I
19 Would you explain what is meant by 19 don't recall specifically this.
20 the input of the epidemiologist on the Bolognesi 20 Q. There are two Bolognesi studies. One is
21 study? 21 the one we've discussed previously in this
22 MS. WAGSTAFF: Objection. This calls 22 deposition about people being sprayed at the
23 for speculation. Dr. Ross did not draft this 23 Columbia Ecuador border, and the other is an
24 e-mail. Dr. Guyton drafted this e-mail and 24 animal study. Right?
25

—

asking him to opine on what she meant is pure 25 A. I don't know about the other. The only
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1 one I'm — I'm really familiar with is that in — 1 you responded ultimately by sending us some
2 the one we looked at earlier. 2 documents. Would you tell us what you did. Don't
3 Q. Do you know about epidemiologist or 3 tell me what your lawyers did, but tell us what
4 exposure people being involved in giving critical 4 you did to respond to that.
5 input with regard to either of the Bolognesi 5 A. So I did searches of my work computer.
6 studies? 6 Key word searches, I think, were IARC, glyphosate
7 A. They may have. I don't know the answer. 7 Monsanto.
8 How much input, I don't know. 8 I don't know the specifics. It was
9 Q. Okay. You don't know anything about 9 in the subpoena itself. But whatever was in the

10 that event or where it took place? 10 subpoena, I would do key word searches to make
11 A. I don't remember any conversation about 11 sure I could pull up all of the word docs, which
12 that. I can't recall it. 12 several early drafts that we had — I had — I had
13 Q. Okay. Take a break. 13 drafted. That was the word docs on my work
14 VIDEOGRAPHER: Off the record at 3:56. 14 computer. I — as you know, I had a spiral
15 (A short recess was taken.) 15 notebook that I kept notes with, and I looked for
16 VIDEOGRAPHER: Back on the record, 4:05. 16 the notes from the meeting. And I made
17 BY MR. GRIFFIS: 17 photocopies of it. Scanned it to the lawyers.
18 Q. Okay. We made a little bit of a nest of 18 Provided all of the word docs and provided it to
19 documents I handed you. I'd like to talk to you 19 the lawyers. And, yeah, I think so — that's what
20 briefly about Exhibit 3, which is the subpoena 20 I did. I scrubbed my computer for the — you
21 that we sent early in this process, asking you to 21 know, for what I needed to provide.
22 produce some documents. 22 Q. Okay. I'm going to ask a series of
23 A. This is the one in September? 23 questions to, you know, explore that a little bit
24 Q. Yeah. Sometime in that — not in 24 and see if I can exhaust the process.
25 connection with this deposition. The one which 25 Do you work — did you work on —
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1 do you have multiple computers? Have a computer 1 A. No.
2 at home? A laptop — 2 Q. And you searched both your work computer
3 A. Yeah. 3 and the laptop for the terms. Correct?
4 Q. — use? 4 A. Right.
5 A. I have my own laptop. And I also 5 Q. Okay. In what program did you run those
6 provided any -  a lot of it was redundant. I - 6 searches?
7 but if there was any documents on my laptop, I 7 A. This is the search engine, this — first
8 also provided that as well. 8 of all, I knew where most of the documents were
9 Q. Okay. Let's first get the complete list 9 located, but to make sure I didn't have something

10 of computers that you used. 10 in a folder I wasn't aware of, I used the search
11 A. So it was my work computer and a 11 functionality on my laptop and on my work
12 personal laptop. 12 computer. Whatever that's -  that operating
13 Q. Do you have a computer at home? 13 system is. I don't remember but -  what that is.
14 A. No. No. Not my personal computer. 14 Q. It was the operating systems search -
15 Q. Do you have a personal computer at home? 15 A. Yeah.
16 A. I'm sorry. My laptop - 16 Q. -  function, not Microsoft Word search
17 Q. Okay. 17 function, is it?
18 A. — might take — that I use at home. 18 A. Not Microsoft Word. The actual thing
19 Q. Okay. The laptop serves as your home 19 that will allow you to find any document that has,
20 computer? 20 say, for example, IARC in the text.
21 A. Yes. Yes. 21 Q. Right. Now, on the subject of PDFs, PDF
22 Q. And you don't use any other computer or 22 don't always —
23 tablets o r ... 23 A. Yes.
24 A. No. 24 Q. — aren't always searchable.
25

—

Q. — anything? Devices of any sort? 25 A. I looked for PDFs as well.
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1 Q. How did you look for PDFs that might not 1 A. Oh. I have two e-mail addresses. One a
2 be searchable — scan them or something? 2 personal and one a work.
3 A. I went through all and — don't even 3 Q. And do you send and receive work e-mails
4 know if we had any PDFs. I'm not sure. I can't 4 on the personal one for convenience ever?
5 remember for sure. But I looked for everything 5 A. No. The Yahoo one, I don't. I don't.
6 that was there in my PDF folder. I think there is 6 I don't use it for work.
7 ways in IARC I can — you can use asterisks and 7 Q. And the work one, you ran some searches
8 dot PDF like asterisks IARC, asterisk dot PDF to 8 and found e-mails yourself. Did you provide those
9 do searches that would capture that. 9 to your lawyers?

10 Q. Yeah. 10 A. I'm trying to recall. I was told that
11 A. Capture those file. 11 IT will capture all of the e-mails. I don't
12 Q. Some PDFs are intelligible enough to the 12 recall actually handing over any e-mail hard copy
13 computer that you can run word searches and some 13 of print outs.
14 are not. 14 Q. Okay.
15 A. I - 15 A. Because I assumed IT would be more
16 Q. Okay. Did you — what did you do about 16 effective than I would be.
17 e-mail? 17 Q. And by IT, you mean IT here at MSU.
18 A. E-mail. So I looked but I think our IT 18 Correct?
19 guys were the ones capturing all of the e-mails 19 A. Yes.
20 that you have that — that were — that were 20 Q. Okay. All right. Do you know what —
21 responsive to the subpoena. So the IT guys were 21 did you give them the list of search terms? Or
22 responsible for getting those. 22 was it handled by someone else?
23 Q. Other than any e-mail addresses that you 23 A. I think this is a — it's pretty common
24 might use exclusively for personal business, how 24 that they would have the search terms under the
25 many e-mail addresses do you have? 25 subpoena that they would be looking for. And they
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1 would go through that, but I'm not the IT guy 1 do you have any other than the notebook pertaining
2 SO ... 2 in any way to IARC, glyphosate or Monsanto?
3 Q. Don't know? 3 A. No.
4 A. Yeah. 4 Q. Okay. And do you have any — way that
5 Q. Okay. You talked about your notebook. 5 you operate — primarily electronically, do y'all
6 And what you did for that. You took it and you 6 print things out?
7 found — I take it you found relevant date range. 7 A. Primarily.
8 A. Uh-huh (affirmative response). 8 Q. Or do you print them and then throw
9 Q. And copied the pages within that range 9 away?

10 and sent them off to your lawyers. Correct? 10 A. Well, there would have been some early
11 A. Right. 11 drafts that I would have tossed in the recycle.
12 Q. Do you recall any pages from that date 12 Might have had a hard copy of it and I was
13 range that I haven't shown you today? 13 reviewing it myself. I didn't discover -  I
14 A. I don't recall. I don't — I don't 14 didn't find any hard copies to hand over.
15 recall. I think I captured — captured the date 15 (Exhibit No. 13-24 marked for
16 range of the meeting. Yeah. So I don't think 16 identification.)
17 there was any other — you may have something I 17 BY MR. GRIFFIS:
18 can't remember photocopying, but I don't remember 18 Q. Almost done here, sir. Exhibit 24.
19 it. 19 Okay. Exhibit 25.
20 Q. I don't have anything in mine. 20 (Exhibit No. 13-25 marked for
21 A. Okay. I thought you had another 21 identification.)
22 surprise. 22 MS. WAGSTAFF: Objection. Beyond the
23 Q. No, sir. No more surprises, if there 23 scope of this document. It really has no
24 were any. 24 bearing on the subgroups conclusion about
25 And paper files, paper documents, 25 glyphosate.
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1 BY MR. GRIFFIS: 1 open record request and not specifically that
2 Q. Sir, exhibit 24 is an e-mail from 2 document production request.
3 Katherine Guyton to you and to other persons 3 But, when you received this, did he
4 talking about the subpoenas that were issued by 4 do anything about it?
5 Monsanto seeking documents, the documents we've 5 A. Which e-mail?
6 just been talking about. Correct, sir? 6 Q. Exhibit 24. Yeah.
7 A. Yes. 7 A. Let's see. Well, Mississippi State
8 Q. Okay. And when you received this, it 8 lawyers were involved at this point. So I was
9 was sent on April 1st of 2016, you saw that 9 talking with the Mississippi State lawyers about

10 Ms. Guyton was telling you the position of IARC 10 what -  what I needed to do.
11 all draft documents and materials prepared by the 11 Q. Okay. Don't tell me what you said to
12 working group in advance or during the in-person 12 them or what they said to you.
13 monograph group meeting are to be considered draft 13 But I assume you sent this on to
14 and deliberative. And she went on to say that 14 them?
15 IARC does not encourage participants to retain 15 A. Yes. Yes, I did.
16 working drafts of documents after the related 16 Q. Did you delete any drafts or ary other
17 monograph has been published. Correct? 17 documents?
18 A. Yes. 18 A. No.
19 VIDEOGRAPHER: Off the record. 19 Q. Exhibit 25 is a letter dated April 7th,
20 (A short recess was taken.) 20 six days later from another IARC officer to
21 VIDEOGRAPHER: Back on the record. 21 working group members talking about request for
22 BY MR. GRIFFIS: 22 disclosure of documents that some members of the
23 Q. Okay. Mr. White has said while we were 23 working group to include yourself, sir, had
24 off the record, that he believes that the e-mail 24 received.
25 was sent — Exhibit 24 was sent in response to an 25 And at the end it says, "For all of

P age  244 P age  245
1 the above reasons IARC request you and your 1 BY MR. GRIFFIS:
2 institute not to release any documents in your or 2 Q. Go ahead.
3 your institute possession relating to your work in 3 A. So try concern was that I would be in a
4 the capacity as a member of the working group." 4 conflict of interest between IARC and Mississippi
5 Other than sending this on to your 5 State, and therefore I felt that I should resign
6 lawyers, did you do anything in response to this 6 from volume 117.
7 letter? 7 Q. And Kate Guyton at IARC reassured you
8 A. I provided this to the lawyers here at 8 and said we don't view there being ary conflict?
9 Mississippi State. That was — that was my step. 9 Correct?

10 Q. Now, at one point you were concerned 10 A. I had discussions with lawyers here at
11 about — you were asked to participate in working 11 Mississippi State. Kate had discussions with
12 group 117. Correct? 12 lawyers at IARC that there was no conflict of
13 A. Correct. 13 interest to serve on volume 117.
14 Q. At one point you were concerned about 14 Q. And you — sorry. Go ahead.
15 doing so given the pendency of these document 15 A. Go ahead.
16 requests and your perception that handing over the 16 Q. Didn't mean to cut you off, sir.
17 documents would possibly put you at odds with IARC 17 And you were asked to serve as the
18 interests. Is that fair to say? 18 chair of mechanism 117. Is this right?
19 MS. WAGSTAFF: Objection to scope. This 19 A. I served as the subgroup chair for
20 deposition is to explore the mechanism, 20 mechanisms, yes.
21 group, subgroups, conclusion about 21 Q. Okay.
22 glyphosate. And whether or not he had any 22 A. For volume 117.
23 reservation about participating in monograph 23 Q. Okay. Do you recall writing to Kate
24 117, which was years after 112 opinion is 24 Guyton, "I expect Ivan, om fearless leader, to be
25

—

completely irrelevant and outside of scope. 25 there. Dr. Rusyn is a tough act to follow."
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1 A. Those — yes, that is my e-mail. 1 understand.
2 Q. And what did you mean by that? 2 Q. Thank, you sir.
3 A. I have a lot of respect for Dr. Rusyn as 3 VIDEOGRAPHER: Break. Off the record.
4 a scientist. 4 (A short recess was taken.)
5 Q. What did you observe at working group 5 VIDEOGRAPHER: Back on record at 4:52.
6 112. I assume that's what you were referring to 6 EXAMINATION BY MS. WAGSTAFF:
7 when you said, "Tough act to follow." Correct? 7 Q. Good afternoon, Dr. Ross. My name is
8 A. Yes. I - 8 Aimee Wagstaff, and I am an attorney who is
9 Q. What did you observe Dr. Rusyn doing at 9 representing several plaintiffs who allege they

10 working group 112 that made you say that? 10 have been injured after a result to exposure to
11 A. Extreme rigor. Very rigorous person — 11 glyphosate. Are you aware of that?
12 scientist. 12 A. Yes.
13 Q. What do you mean by rigor? 13 Q. Okay. And so your deposition was first
14 A. Evaluating the data objectively, 14 noticed by Monsanto in the multi-district
15 demanding evidence. 15 litigation out of San Francisco and then we
16 Q. Sir, I'm finished with my questions for 16 cross-noticed that deposition. Are you aware of
17 the time being. I'm going to reserve the rest of 17 that?
18 my time to follow up with — there's going to be 18 A. I knew it was in San Francisco, and I
19 some questions from Ms. Wagstaff. I hope you 19 think it's been consolidated. What I understand
20 understand that I had a job to do and Monsanto had 20 the case has been consolidated. Is that —
21 a job to do in sending you those requests and 21 Q. I mean, that's — I'm just meaning are
22 conducting this deposition. I hope you haven't 22 you aware that we cross-noticed your deposition?
23 felt oppressed or harassed by me or my due process 23 A. Yes.
24 any more than is absolutely necessary. 24 Q. Okay. And you and I have never met
25 A. Everyone's got a job to do. I 25 before today. Correct?
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1 A. Correct. 1 recollections to. Correct?
2 Q. We've never spoken on the phone together 2 A. Yes.
3 before today. Correct? 3 Q. Okay. So and you haven't spoken with
4 A. Correct. 4 anyone from the Miller Law Firm out of Virginia.
5 Q. We've never e-mailed before today. 5 Correct?
6 Correct? 6 A. No.
7 A. Correct. 7 Q. Okay. And you haven't spoken anyone
8 Q. And, in fact, the first time I met you 8 from Weitz Luxenberg out of New York City.
9 was when you walked into this deposition room this 9 Correct?

10 morning. Correct? 10 A. No.
11 A. Yes. 11 Q. Okay. Excellent. So let's take a look
12 Q. Okay. And Mr. Griffis showed you an 12 at your C V really quick, which has been marked as
13 e-mail that my partner, my law partner Katherine 13 Exhibit 4. And I'd just like to go over this real
14 Forgie sent you, I believe, a couple of years ago. 14 quickly, if I could.
15 Do you remember that this morning? 15 It looks like it was updated in May
16 A. I don't remember what exhibit it was 16 o f '17.
17 but, yes. I remember the e-mail. 17 A. Yes.
18 Q. Okay. And just to be clear, you've 18 Q. Okay. So this is — this was provided
19 never spoken with Ms. Forgie other than that 19 by your attorney a couple of days ago, so it's the
20 unilateral attempt to contact you. Correct? 20 most updated CV that you have. Correct?
21 A. Yeah. I've never spoken — spoken with 21 A. Right.
22 Katherine Forgie. 22 Q. Okay. And it looks like you've got a
23 Q. Okay. And we searched our law firm 23 Ph.D. from UC Irvine?
24 e-mails for a response from you and didn't find 24 A. Correct.
25 any. And that would be consistent with your 25 Q. Correct. And a bachelor of science and
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1 chemistry from Cal Berkley? 1 A. Yeah.
2 A. Correct. 2 Q. Okay. And that works all the way up to
3 Q. Is that correct? And then it looks like 3 today where you are, it looks like, currently an
4 you've got — that was in 1998 and 1989 4 associate professor at Mississippi State
5 respectively. Correct? 5 University. Correct?
6 A. Yes. 6 A. Yes.
7 Q. And so if you backtrack your four years 7 Q. Okay. And you were working the
8 of college, my math may be off a little, but you 8 department of basic sciences and you were awarded
9 started studying chemistry somewhere around 1985? 9 tenure, looks like, in July of 2010. Is that

10 A. Yes. 10 right?
11 Q. Okay. And to - - to today, which is 11 A. Correct.
12 in — today is May 3rd, 2017, so you've been 12 Q. Okay. If you go to the next page. It
13 studying chemistry for about 32 years? Something 13 looks like you've received a lot of awards.
14 like that? 14 You've listed one, two, three, four, five, six,
15 A. Yes. Date me, yes. 15 seven, eight, nine, ten, eleven, twelve, thirteen
16 Q. Not to date you. Okay. And it looks 16 awards or honors that you've received in the field
17 like you have — starting with 1987, was your 17 of advanced education and or chemistry. Is that
18 first sort of teaching assistant job at Cal 18 correct?
19 Berkley as — in the chemistry stock room teaching 19 A. Correct.
20 assistant. Is that correct? 20 Q. Okay. The first one again being back in
21 A. Right. I worked as both. In the 21 1986 and the most recent one was an award that you
22 chemistry stock room and as a teaching assistant 22 received in China in 2015?
23 while an undergraduate. 23 A. Correct.
24 Q. Okay. Great. So your first teaching 24 Q. Okay. And all of this is true and
25 job, if you will, in chemistry, was 30 years ago? 2 5 accurate and up to date. Right?
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1 A. Yes. 1 University. Several peer review public. It
2 Q. Okay. And then if you scroll down and 2 starts Page 7.
3 it says, "Research FTE 70 percent," what does that 3 Q. Okay. So I was just confused because
4 mean? 4 these three aren't numbered and then you start at
5 A. FTE is a way we break out our research 5 64, so I didn't know. So you —
6 teaching and service at the University. FTE 6 A. Those are — so first one in
7 stands for full time equivalent. 7 preparation. So this is something we are about to
8 Q. Okay. And so can I — can I take that 8 submit. And the other two are currently under
9 to mean that 70 percent of your time your are 9 review. So they haven't been formally accepted.

10 researching? 10 Q. Okay. So it's fair to say, though, that
11 A. That's right. 11 you've written in 64 peer review articles?
12 Q. Okay. And then you've talked about 12 A. Yes.
13 your -  you list peer review publications and you 13 Q. Since you joined the University. Is
14 split that up into publications since joining 14 that correct?
15 Mississippi State University and prior to joining 15 A. Yes. 64 minus 12. Yes. So...
16 Mississippi State University. Right? 16 Q. A lot?
17 A. Correct. 17 A. Right.
18 Q. And it looks like you've written three 18 Q. Regardless. Okay. And what's the
19 peer review publications since you joined the 19 significance of having a publication peer
20 University. Right? Look at the bottom where your 20 reviewed?
21 left hand is. 21 A. Oh. Peer review is important in terms
22 A. More than three since I've joined the 22 of having independent scientist evaluate the data
23 University. 23 that you are trying to publish and determining
24 Q. Okay. 24 whether the conclusions you draw are based on the
25 A. I had several since I joined the 25 data that's provided within the publication.
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Q. Okay. And to be published — well 
strike that.

So is it fair to say peer review is 
sort of a safety net to ensure that the integrity 
of the — and the high quality of the literature?

A. Yes. A peer review is very important 
because you have anonymous reviewers — your peers 
in your field reviewing the evidence, reviewing 
the data and determining whether the conclusions 
are sound, whether the methodology is — is sound. 
And it's an important — peer review is a critical 
aspect of the scientific enterprise.

Q. Okay. And generally speaking, 
non-published science is not peer reviewed. Is 
that correct?

A. Non-published science — it — well, to 
be peer reviewed, and to be accepted into a 
journal, you need that safeguard to evaluate the 
evidence. Non-pubhshed data, we — no one
ever —

Q. It is unknown?
A. — it is unknown. It hasn't been peer 

reviewed. It may be out there, but it's not been
peer reviewed.

Q. Okay. And then it looks like, if you

:
2
3

4

5

6
7

8 
9

10

11
12

13

14

15

16
17

18

19

20 
21 

22

23

24

25

P age  256

move on to your CV, you get to Page 8, you've 
written some book chapters, you've written some 
chapters for some books. Then you participated in 
two IARC monographs. Is that correct?

A. Correct.
Q. And we have talked about IARC 112, which 

is the monograph where IARC considered the 
carcmogencity of glyphosate. Right?

A. Correct.
Q. And then one, looks like you also 

participated in IARC volume 117 after 112 that did 
not consider glyphosate. Correct?

A. Correct.
Q. Okay. And I also saw in one of your 

e-mails that you were invited to sit on the FIFRA 
scientific advisory panel board by the EPA. Is 
that correct?

A. Yes. I have served on a FIFRA panel 
2005 — 2006 perhaps. It was on pirethrodes. It 
wasn't glyphosate related.

Q. Okay. But that's an invitation from the 
EPA -

A. That was an invitation from the EPA.
Q. Okay. And then it looks like you have 

gone through — you have one, two, three, four,

P age  257

four pages of either current research projects or 
completed research projects in your CV. Is that 
correct?

A. Correct.
Q. And then presentations, and meeting 

abstracts, I counted up sixty-nine, if you totaled 
your presentations, your abstracts. Does that 
sound — you don't have it numbered, but does that 
sound about right?

A. It sounds appropriate.
Q. Okay. And then you get to the Page 18 

of your CV. My CV is only one page by the way. I 
think I need to beef that up.

But you get to Page 18 and your 
professional development. And you've got one, 
two, three, four, five, six, seven, eight courses 
that you've taken to stay abreast of the current 
field that you are working in. Correct?

A. Correct.
Q. Okay. Active outside collaborators.

I'm guessing those are people that you collaborate 
with that are outside of Mississippi State 
University?

A. That's right.
Q. Okay.
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A. That’s what I mean by that.
Q. And you've got that you collaborate with 

St. Jude's Children Research in Memphis, 
Tennessee. Correct?

A. Right.
Q. You collaborate actively with the 

College of Veterinary Medicine at the University 
of Georgia. Is that right?

A. Right.
Q. Okay. And then you also collaborate 

with Jing Xu Academy of Agricultural Sciences in 
China. Is that correct?

A. Right.
Q. Okay. And then we talk about — then 

you talk about your — the rest of your time, 
which I guess isn't necessarily the rest, but 15 
percent of your time is spent teaching. Is that 
right?

A. Right.
Q. Okay. And you've talked about all of 

the graduate courses that you have taught. You 
have taught a graduate course in the mechanisms of 
toxic action molecular toxicology. Is that 
correct?

A. Right.
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1 Q. Okay. You've also taught in organ 1 professor. Is that right?
2 systems toxicology one and two. Is that correct? 2 A. Right.
3 A. Right. 3 Q. I would say a dozen or so. Does that
4 Q. You've taught a course multiple times in 4 sound right?
5 the mechanisms of toxic action? 5 A. In that ballpark, yes. Yeah. Uh-huh
6 A. Yes. 6 (affirmative response).
7 Q. Correct. And you've taught a course 7 Q. And then we get to your service, which
8 called the current literature in toxicology. Is 8 is a — on Page 21, which is 15 percent of your
9 that right? 9 time as well. And we look at the external review

10 A. Right. 10 panels that you've been on and you've been on one,
11 Q. Okay. You guest lectured in CVM 11 two, three, four, five, six, seven, eight, nine
12 graduate courses. What's CVM? 12 external review panels. Does that sound right?
13 A. College of Veterinary Medicine. 13 A. Yes.
14 Q. Okay. And you lectured--you guest 14 Q. Okay. And some of those, it says, "That
15 lectured on phannicokinetic in a pharmacology 15 you're an invited member by the NIH study
16 course. Is that correct? 16 session." What is NIH?
17 A. Right. 17 A. Well, National Institutes of Health.
18 Q. And these were all -- these guest 18 Q. Okay. And you were an invited member to
19 lectures were invitations from the regular 19 sit on their external review panel when they
20 professor. Right? 20 looked at the systemic injury by environmental
21 A. Right. 21 exposures. Is that right?
22 Q. Okay. And then if you turn to Page 20, 22 A. Correct.
23 and I won't go through the list, but it looks like 23 Q. Okay. You were also an invited member
24 you have student and post doctoral advisements on 24 of the Agricultural Health Study National Advisory
25 several students that -  through your time as a 25 panel in Maryland. Is that right?
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1 A. Correct. 1 mean, it looks like you peer reviewed 30 or 40
2 Q. And we've talked about that this 2 times?
3 morning. Is that correct? 3 A. Oh, more than — yeah, more than that.
4 A. Yes. 4 Q. Fifty times maybe?
5 Q. In fact, you only went to one meeting — 5 A. Yeah.
6 testified — 6 Q. You peer reviewed a lot of journals. Is
7 A. It was March 1 st through 2nd of 2012. 7 that fair to say?
8 Q. And then you have a list of the review 8 A. Yeah, that — yeah. Yeah.
9 editorial board that you sit on for journals. 9 Q. Okay. And then you talk about your

10 And it looks like that there are — 10 university service and your department and college
11 I didn't count those up but it looks like there 11 service and your clinical diagnostic service and
12 are a lot of those that you sit on. Is that 12 others. And then you give some references. Is
13 right? 13 that fair to say?
14 A. Yeah. These are primarily as peer 14 A. Yes.
15 reviewer for all of these journals. 15 Q. Okay. So after reviewing your CV, I
16 Q. Okay. 16 think it's fair to say that you are very
17 A. I am on the editorial board of journal 17 knowledgeable in molecular toxicology and probably
18 called Toxics. 18 considered an expert in your field?
19 Q. Okay. So in parenthesis, does that mean 19 MR. GRIFFIS: Objection to form.
20 how many times you've peer reviewed? 20 Irrelevant.
21 A. Yeah. That's — yeah. That — yeah. 21 BY MS. WAGSTAFF:
22 Roughly determines how many times I've reviewed 22 A. Yes, I've been invited by panels and to
23 for each of these journals. 23 review papers and by NIH study sections.
24 Q. Okay. So I see numbers like one, four, 24 Q. Okay. So we spent the first five and a
25 two, sixteen, three, but if you add them all up, I 25 half hours of the deposition this morning going
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1 through piece by piece and pulling out of IARC 1 contrary to the testimony.
2 monograph 112 and pulling out certain pieces and 2 A. Looked at the totality of the peer
3 analyzing them in isolation. Is that fair? 3 reviewed publicly available evidence for
4 MR. GRIFFIS: Object to the form. 4 mechanisms and toxicokinetics.
5 A. We have looked at various exhibits. 5 BY MS. WAGSTAFF:
6 BY MS. WAGSTAFF: 6 Q. Sure. So if  you look — so you would
7 Q. Okay. 7 agree me then that subgroup four, in determining
8 A. — related to volume 112. 8 that there was a strong association, looked at the
9 Q. But the bottom line is that the IARC 112 9 totality of the toxickinetic evidence and also the

10 determination was made by looking at the totality 10 totality of the evidence that was allowed to be
11 of the evidence. Is that fair? 11 looked at — strike that. That was a horrible
12 A. Yes. 12 question.
13 Q. Okay. And you would agree with me that 13 So you would agree with me that
14 there is not just one piece of evidence that drove 14 work — that subgroup four, in making its
15 that decision. Is that fair? 15 determination of a strong association, looked at
16 A. Correct. 16 the totality of the toxicologic evidence, as well
17 Q. Okay. It was a totality of all of the 17 as the published peer reviewed literature?
18 evidence that was presented to the panel. Is that 18 MR. GRIFFIS: Objection to form.
19 fair? 19 Contrary to prior testimony.
20 A. Correct. 20 A. It would — I wouldn't strong
21 Q. Okay. And you would agree with me, too, 21 association it. There was strong evidence for
22 that the subgroup that you belonged to, which was 22 genotoxicity. There was strong evidence for
23 the mechanism group for subgroup, also looked at 23 oxidated stress. Two of the ten characteristics.
24 the totality of the available evidence. Correct? 24 BY MS. WAGSTAFF:
25 MR. GRIFFIS: Object to the form and 25 Q. You're. And I stand corrected by saying
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1 that. i A. It's the totality of — the overall
2 So you would agree with me that 2 coherence of the data basis.
3 when the subgroup four found strong evidence for 3 Q. Okay. Excellent. And in looking at the
4 genotoxicity and when subgroup four found strong 4 totality of the evidence, working group — IARC
5 evidence for oxidated stress, that subgroup four 5 working group 112 found that glyphosate was a
6 looked at the totality of the available 6 category 2 A probable carcinogen. Correct?
7 evidence — 7 A. Yes.
8 A. Yes. 8 Q. Okay. And that was unanimous vote by
9 Q. -- in making that determination? 9 all working members. Correct?

10 MR. GRIFFIS: Object to the form. 10 A. Yes, it was unanimous.
11 Contrary to in regarding available evidence. 11 Q. Okay. And similarly, the subgroup fours
12 A. Yes. 12 vote to make a strong -  showing of strong
13 BY MS. WAGSTAFF: 13 evidence for genotoxicity and for oxidative stress
14 Q. And you would agree with me that the 14 was also unanimous. Correct?
15 available evidence includes the evidence as 15 A. Yes. With an IARC, ves, it was.
16 allowed by the preamble of the mon -  of IARC's 16 Q. Within your group?
17 monograph. Correct? 17 A. Within our subgroup.
18 A. Yes. 18 Q. And can you explain for the jury, sort
19 Q. Okay. And you would also agree with me 19 of in laymen's tenn, what oxidative stress means?
20 that there wasn't one particular piece of evidence 20 A. Yes. So oxidative stress refers to
21 that drove either of those determinations. 21 molecules that have unpaired electrons that are
22 Correct? 22 highly reactive and that can damage cellular
23 A. For oxidative stress and genotoxicity. 23 macromolecule, such as lipids, proteins and
24 no. It's not one study that drives it. 24 nucleic acids.
25

—

Q. Okay. 25 They are produced during nonnal
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1 cellular respiration. We produce il under normal 1 definitions, so I would like to just make sure
2 situations. And in a normal cell, it could be 2 that the jury understands what IARC means when
3 exacerbated by environmental chemicals. 3 something is labeled limited or sufficient.
4 Q. Okay. 4 So if you could turn please to
5 A. That is made worse. 5 page -  of the preamble, if you could, please,
6 Q. Okay. Can you tell me how much money 6 turn to Page 19. And this is a section called
7 you made for participating in IARC 112 panel 7 evaluation and rationale. Right?
8 review? 8 A. Okay.
9 A. Oh. We need we — we were not paid for 9 Q. Okay. So we're looking at A, which is

10 volume 112. We didn't get paid. We got per diem 10 the carcinogenicity in humans. Correct?
11 and we had travel. 11 A. Yes.
12 Q. So you didn't make any money? 12 Q. Okay. And when something — and this is
13 A. We don't make money. 13 also referred to as the epidemiology group.
14 Q. Okay. And have you made any money since 14 Correct?
15 on — from your working on -  strike that. 15 A. Correct.
16 Let's look at the preamble. I 16 Q. Okay. And when something is limited
17 forget which exhibit it's marked. I think il 17 evidence, when the epidemiology group labels it
18 might be 10. Going off memory though. Okay. 18 limited evidence, do you — are you following with
19 MR. WHITE: Yes. 19 me on this?
20 BY MS. WAGSTAFF: 20 A. Uh-huli (affirmative response).
21 Q. We have spoken a lot today about 21 Q. The actual -  the subgroup actually
22 classifications that certain subgroups have made 22 finds a positive association between exposure to
23 whether it be limited or whether it be sufficient. 23 the agent of cancer for which a causal
24 And these are definitions that IARC has pul into 24 interpretation is considered by the working group
25 the preamble. And we never went over those 25 to be credible. Did I read that correctly?
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1 MR. GRIFFIS: Objection. Beyond scope 1 carcinogenicity in experimental animals. Right?
2 of this deposition. 2 So now we're in the animal subgroup. We're still
3 A. That is correct. 3 on Page 20.
4 MS. WAGSTAFF: I cross-noticed this 4 Oh, and just to be complete on —
5 deposition, so I get to ask questions but — 5 let me go back up. To be complete on the limited
6 MR. GRIFFIS: I'm not talking about my 6 evidence in the epidemiology group, the definition
7 scope. I'm talking about the discovery 7 is written in the preamble is a positive
8 scope. 8 association has been observed between exposure to
9 BY MS. WAGSTAFF: 9 the agent, which in this case is glyphosate, and

10 Q. Okay. So, in fact, when the 10 cancer for which a causal interpretation is
11 epidemiology group identify -  or classifies 11 considered by the working group to be credible,
12 something as limited evidence, they've actually 12 but chance bias or confounding could not be ruled
13 found a positive association that they find 13 out with reasonable confidence.
14 credible. Is that fair? 14 Did I read that correctly?
15 MR. GRIFFIS: Objection. Beyond the 15 MR. GRIFFIS: Objection. Beyond the
16 scope of this deposition and beyond 16 designated scope set by Judge Charbno,
17 Dr. Ross's knowledge since only working in 17 beyond this witness' knowledge given his
18 group four, he testified many times. 18 prior testimony.
19 A. But this is what is in the IARC 19 A. That's what written.
20 preamble. 20 BY MS. WAGSTAFF:
21 BY MS. WAGSTAFF: 21 Q. Did I read that — okay?
22 Q. So that's fair. 22 A. That is correct. It is written in the
23 A. It's in the preamble. 23 preamble.
24 Q. Okay. So then ifyou move on, and you 24 Q. Okay. Excellent. And so if you move
25 if you look down to B, which is the 25 down to B where you look at the carcinogenicity in
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1 experimental animals, in fact, working group 112 1 protocols." Should I read more?
2 labeled it sufficient evidence. Is that correct? 2 Q. Nope. That's good.
3 That was the final determination by the animal 3 And then if you look at — there is
4 group? 4 a lot of discussion this morning with Mr. Griffis
5 A. Sufficient evidence. 5 between the animal group determining whether to
6 Q. Okay. 6 call it limited evidence or sufficient evidence.
7 A. Yes. 7 Do you remember that?
8 Q. And so can you read into the juiy 8 A. Yes.
9 what -- what that means? 9 Q. Testimony. Okay. So see let's look and

10 MR. GRIFFIS: Objection. Beyond the 10 see what definition means of limited evidence by
11 scope of this deposition as found by Judge 11 the animal group. Okay. If you could please read
12 Charbrio, beyond this witness' knowledge 12 that into the record on Page 21.
13 given his prior testimony. 13 MR. GRIFFIS: Same objection as
14 A. Well, you know for from. 14 previously regarding scope. And this
15 BY MS. WAGSTAFF: 15 witness' testimony, he wasn't involved in any
16 Q. Read it. 16 of those working groups. Three — subgroup
17 A. From the preamble, "The working group 17 3, also, just reading, a document speaks for
18 considers that a causal relationship has been 18 itself.
19 established between the agent and an increased 19 BY MS. WAGSTAFF:
20 incidents of malignant neoplasms or of an 20 Q. Go ahead.
21 appropriate combination of benign and malignant 21 A. So this is from the preamble. "The data
22 neoplasms in A, two or more of species of animals 22 suggests a carcinogenic effect" -
23 or, B, two or more independent studies in one 23 Q. Okay. Hang on real quick. So limited
24 species carried out at different times or in 24 evidence of carcinogenicity by the animal group
25 different laboratories or under different 25 still means that the data suggests a carcinogenic
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i effect. Right? 1 Correct?
2 MR. GRIFFIS: Objection - 2 A. Yes.
3 BY MS. WAGSTAFF: 3 Q. Okay. This was the entire list of
4 Q. Keep going. 4 participants from the working group. Is that
5 A. "But are limited for making a definitive 5 right?
6 evaluation because. A, die evidence of 6 A. Yes.
7 carcinogenicity is restricted to a similar 7 Q. Okay. And there you are, about three
8 experiment; B, there are unresolved questions 8 quarters of way down, Matthew K. Ross, Mississippi
9 regarding the adequacy of die design conduct or 9 State University, United States of America. Is

10 interpretation of the studies; C, the agent 10 that right?
11 increases the incidents only of benign neoplasms 11 A. Correct.
12 or lesions of uncertain neoplasm potential or, D, 12 Q. Okay. And if you go all the way down,
13 the evidence of carcinogencity is restricted to 13 invited specialist, there's Dr. Christopher
14 studies that demonstrate only promoting activity 14 Portier that we talked about numerous times today.
15 in a narrow range of issues or organs. 15 Right?
16 Q. Okay. Excellent. You can put the 16 A. Yes.
17 preamble away. I think am done with questions 17 Q. And then if you go all the way down to
18 about that for right now. 18 the very bottom of the page, is Dr. Portier's
19 And I'd like to introduce as an 19 conflict — potential conflict of interest
20 exhibit -  are we on 26? 20 disclosure that you had referenced earlier today.
21 (Exhibit No. 13-26 marked for 21 Right?
22 identification.) 22 A. Yes.
23 Q. 26. Okay. The list of participants 23 Q. Okay. And if you turn the page —
24 that you have referenced numerous times this 24 actually before you turn the page, it looks like
25 morning. So this was the list of participants. 25 within this — this group, there's also a member
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1 from the United States EPA, Matthew T. Martin. Is 1 some way with the United States EPA. Is that
2 that correct? 2 correct?
3 A. Yes. He's one of the members. 3 A. Yes.
4 Q. Okay. So is he doctor? Is it 4 Q. Okay. And, in fact, Matthew T. Martin
5 Dr. Martin? 5 was part of the mechanism subgroup four that you
6 A. Yes. 6 are part of. Correct?
7 Q. Okay. So Dr. Martin was participating 7 A. Correct.
8 in monograph 112 as a member of the EPA. Is that 8 Q. And that Matthew T. Martin, the United
9 correct? 9 States EPA employee, was part of the subgroup that

10 MR. GRIFFIS: Object to the form. 10 found a strong association with genotoxic and
11 False. 11 oxidative stress. Is that correct?
12 A. He was — he was member of the subgroup 12 MR. GRIFFIS: Objection to the form.
13 four. He was — he was — he was an employee of 13 The bold — at the top says these people not
14 U.S. EPA. 14 serving in any way representative of their
15 BY MS. WAGSTAFF: 15 governmental organizational which they are
16 Q. Let me strike that. 16 affiliated.
17 And so Matthew T. Martin, while he 17 BY MS. WAGSTAFF:
18 was participating in monograph 112, was an 18 Q. Is that correct?
19 employee of the United States EPA. Is that 19 A. He was a member of subgroup four.
20 correct? 20 Q. And subgroup four was the subgroup that
21 MR. GRIFFIS: Object to the form. 21 found that there is a strong evidence for
22 A. Yes. He was an employee of U.S. EPA. 22 genotoxicity and for oxidative stress of
23 BY MS. WAGSTAFF: 23 glyphosate. Is that correct?
24 Q. And here on this list of participants, 24 A. Yes.
25 Matthew T. Martin is listed as being associated in 25 Q. Okay. And so if you turn the page--
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1 excuse me — to the next page, it looks like 1 course of the monograph working group?
2 representatives of national and international 2 MR. GRIFFIS: Objection. Foundation.
3 health agencies are listed there as well. And 3 A. I wasn't aware of his communications.
4 then you have observers and it look — if you look 4 (Exhibit No. 13-27 marked for
5 a few down, it looks like Thomas Sorahan was there 5 identification.)
6 for Monsanto Company. Is that correct? 6 BY MS. WAGSTAFF:
7 A. Yes. 7 Q. Okay. So I'm going to hand you an
8 Q. Okay. So Monsanto had an observer there 8 e-mail which is marked confidential, but it has
9 during the working group. Is that correct? 9 already been publicly disclosed, so you don't need

10 A. Yes. 10 to sign a protective order.
11 Q. Okay. Do you know Mr. Sorahan? 11 But if you look at the second page,
12 A. I do not know him. 12 do you know who Donna Farmer is? You go to the
13 Q. Okay. It looks — if you look down at 13 bottom of the cascade. Yeah. Okay.
14 number four, it looks like he had said that he is 14 A. Where is she from? She's a Monsanto
15 a member of the European glyphosate toxicology 15 employee. I don't know Donna Farmer.
16 advisory panel and received reimbursement of 16 Q. Well, you see that her e-mail is
17 travel cost from Monsanto to attend Eurotox 2012. 17 donnafarmeratia! Monsanto.com?
18 Do you see that? 18 A. Yes.
19 A. Yes. 19 Q. That would suggest she is affiliated
20 Q. Okay. And he's listed as being 20 with and an employee of Monsanto?
21 associated with Monsanto company in this 21 MR. GRIFFIS: Objection. Foundation.
22 participant list. Is that correct? 22 Beyond the scope of this deposition as
23 A. As an observer. 23 designated by Judge Charbrio.
24 Q. Okay. And did — were you aware that he 24 BY MS. WAGSTAFF:
25 was reporting back to Monsanto throughout the 25 Q. I will represent to you that she is a
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1 Monsanto employee. Do you have any reason to 1 scope that was set by Judge Charbrio.
2 doubt that? 2 BY MS. WAGSTAFF:
3 A. No. 3 Q. Okay.
4 Q. Okay. And so she is writing to Thomas 4 A. I need to read this.
5 Sorahan, the Monsanto observer, the working group 5 Q. Sure.
6 112. Correct? 6 A. I haven't had a chance to read this.
7 A. Yes. 7 Q. No problem.
8 Q. And this is on March 14th, which was a 8 A. From Donna Farmer. Just let me...
9 couple of days after the — if I recall correctly 9 Q. No problem. Okay.

10 the working group concluded on the tenth and/or 10 A. Okay.
11 11th of March of 2015? 11 Q. Ready?
12 A. Tuesday — I don't have the time line in 12 A. Yes.
13 front of me. I think that's the 10th. 13 Q. Okay. So it looks like Donna Farmer was
14 Q. Okay. And so she — so — so Dr. Farmer 14 writing to some folks wondering why the
15 asked Thomas Sorahan, as well with Christian 15 information was released about the 2 A
16 Strupp, Matt Jensen and Bill Hey dens, about the 16 classification of glyphosate. Right?
17 I ARC findings at a CL A meeting on Thursday. And 17 MR. GRIFFIS: Objection. This is
18 if you look at — this e-mail is from Thomas 18 utterly speculative. This is a document that
19 Sorahan, if you look at the front page, when he is 19 this witness has nothing to do with. He had
20 writing back to her. 20 to read it the first time. So question —
21 MR. GRIFFIS: Objection as to any 21 these questions would be better directed to
22 questions about this document. The witness 22 Donna Farmer -- would have been deposed.
23 was not on the document in any way. He's 23 This is just an attempt to put into evidence
24 never seen it before. There's no foundation 24 things that have nothing to do with this
25 for its relevance. And this is beyond the 25 witness. Beyond the scope set by the judge.
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1 BY MS. WAGSTAFF: 1 document.
2 Q. All right. And I don't necessarily care 2 BY MS. WAGSTAFF:
3 about your answer to that question, so I can 3 Q. Okay. So it looks like Tom Sorahan, who
4 strike it if you want. 4 was there as an observer for Monsanto, writes to
5 MR. GRIFFIS: I'll have the same 5 Dr. Farmer and says, in the second paragraph,
6 objection to every question that you have 6 quote, "I know of - - 1 do know of instances where
7 about this document which lias nothing do 7 observers at IARC felt they had been treated
8 with - 8 rudely or briskly at monograph meetings. That was
9 MS. WAGSTAFF: I will tie it in. Don't 9 not the case for me at volume 112. I found the

10 worry. 10 chair, subchairs and invited experts to be
11 BY MS. WAGSTAFF: 11 friendly and prepared to respond all comments I
12 Q. So we've talked about the methodology 12 made." Do you see that?
13 of -  we spent the day talking about the 13 A. Yes.
14 methodology of monograph 112, and Monsanto's 14 MR. GRIFFIS: Objection. Irrelevant —
15 attorneys have done everything they possibly can 15 BY MS. WAGSTAFF:
16 do to try to knock down the creditability of 16 Q. Was that your experience —
17 monograph 112, so I'm tying this in to show what 17 MR. GRIFFIS: — witness.
18 one of Monsanto's own employees said about the 18 BY MS. WAGSTAFF:
19 methodology of 112. And if you will let me finish 19 Q. Was that your experience at monograph
20 my questions, I will tie that in. So, if you - 20 112?
21 MR. GRIFFIS: Objection. Argumentative. 21 MR. GRIFFIS: Objection. Totally
22 Misrepresents the prior testimony. 22 irrelevant. He wasn't there as an observer.
23 Misrepresents the course of this deposition. 23 A. So what the question is — what's — ask
24 Demonstrates the improper use of the 24 me the question again.
25

—

document. Witness -  nothing to do with this 25 BY MS. WAGSTAFF:
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Q. Sure. The question is, did you feel 
that the chair and the subchairs and the invited 
experts were prepared to respond to all comments 
by the observers?

MR. GRIFFIS: Objection. No foundation. 
Observers — or know how the observers were 
treated.

MR. WHITE: I will advise, Dr. Ross, 
again, that you only have to answer to the 
extent that you have actual knowledge.
A. I thought they were cordial.

BY MS. WAGSTAFF:
Q. Okay. And then if you look at the next 

paragraph, it says, "In my opinion, the meeting 
followed the IARC guidelines." Would you agree 
with that?

MR. GRIFFIS: Objection. Tins document 
is irrelevant to any issue that is relevant 
to the scope set by the judge. He's never 
seen it before. And it's not -- proper 
witnesses have already been deposed.
A. Yes. I felt the guidelines were 

followed.
BY MS. WAGSTAFF:

Q. Excellent. And then I'd actually like

Page 284
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to pull out Exhibit 13 that Monsanto's attorney 
marked this morning, please. Okay.

All right. So this is an e-mail 
that Monsanto's marked as an exhibit to this 
deposition. So I'd like to actually walk through 
what — the genesis of this e-mail. If you need 
to take a minute to look at it please, please do. 
Tell me when you are ready.

A. Okay.
Q. Okay. So please tell the ladies and 

gentlemen of the jury who Katherine Guyton is.
A. Dr. Guyton was the responsible officer 

employed by IARC for the meeting.
Q. Okay. And so it looks like on this 

cascade if  you go to — up in the very top left 
when it says 5039. Looks like the last couple of 
pages are just signature blocks. So this e-mail 
starts — you know, e-mails are kind of funky 
because they go backwards.

But this e-mail cascade starts it 
looks like on February 3rd of 2015. Correct?

A. Yes.
Q. Okay. And it looks like Donna Farmer 

and here's actually you can see — there's her 
signature line, so you can actually see now who
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Donna Farmer is — on the toxicology or the 
product protection and nutrition lead for the 
toxicology nutrition center at Monsanto. You see 
that?

A. Yes.
Q. Okay. And so it looks like Donna 

Farmer, on February 3rd of 2015, is sending a list 
of material to the — what was Dr. Guyton's role 
again? The —

A. She was the responsible officer for 
volume 112.

Q. Okay. So it looks like Dr. Farmer, on 
February 3rd, is actually sending material to the 
responsible officer of monograph 112 to be 
considered for the meeting. Is that — and it 
looks like she is — she is actually also sending 
it to an e-mail entitled monograph 112 at IARC.fr. 
Do you see that?

A. Yes.
Q. Okay. This was about — about a month 

before the IARC met, the IARC committee members 
met in Lyon, France. Is that right?

A. Yes.
Q. Okay. And later that day, Dr. Guyton 

responds and says thank you for the information.
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We will provide the appropriate scientific 
articles to the working group. Do you see that?

A. Yes.
Q. Okay. And then if you move to the next 

portion of the cascade, it looks like a few days 
later, Dr. Farmer from Monsanto again follows up 
with the — Dr. Guyton from IARC and requests that 
confirmation that she received her e-mail and then 
she says, if you look at the bottom of the first 
paragraph, "I have also had a Kingston Flash drive 
with the zip files sent to you via FedEx 
international priority, which would be there 
typically in two business days." You see that?

A. Yes.
Q. Okay. So it looks like Monsanto was 

following up again and now they have priority 
two-day airmailed information and articles to IARC 
112. Is that right?

A. Yes.
Q. Okay. And so then if you — then if you 

keep going, you look at February 26th, which is 
one day later, so three weeks later, Donna Farmer 
from Monsanto again is writing to Dr. Guyton and 
giving additional information for the monograph 
112. Is this correct?
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1 A. Yes. 1 Q. Okay. And now I just wanted to show
2 Q. So it's fair to say that Monsanto 2 you — put into prospective where we were. You
3 provided information to monograph 112 to be 3 see Bolognesi, et al, 2009 in the right hand
4 considered. Is that right? 4 column of Page 45?
5 A. It appears that they were sending 5 A. Yes.
6 information to IARC. 6 Q. Okay. And that's a discussion in the
7 Q. Okay. And so if you look now — this is 7 IARC — the final IARC manuscript about that paper
8 where I'm going to start to bounce around a 8 that you had discussed. Correct?
9 little. If you could look at the actual 9 A. Yes.

10 monograph, which I believe was — I'm not sure — 10 Q. So if you turn now to Page 46 ,1 just
11 what exhibit number was that. 11 wanted to — just wanted to confirm that some of
12 MR. WHITE: 19. 12 the language that Monsanto's attorney was reading
13 BY MS. WAGSTAFF: 13 to you about the Bolognesi paper did in fact make
14 Q. 19. Okay. And if you turn to Page 46. 14 its way into the monograph 112 paper as it was
15 (Exhibit No. 13-27 marked for 15 considered within the final evaluation. And where
16 identification.) 16 I would point your direction — point your
17 BY MS. WAGSTAFF: 17 attention to is where it says, "However, comma,
18 Q. Okay. Are you on Page 46? 18 the increased infrequency of micronucleus
19 A. Yes. 19 formation."
20 Q. Okay. And this is actually — I'm 20 And that is the language that you
21 sorry. Turn to Page 45. This is where the IARC 21 were discussing with Monsanto's attorney earlier.
22 actually talks about the Bolognesi paper that you 22 Correct?
23 spent some time talking about with Monsanto's 23 A. Yes.
24 attorney. Do you remember that? 24 Q. Okay. So that information was
25 A. Yes. 25 considered and actually made it into the published
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1 final documents. Is that correct? That's what 1 Okay. I'd like to —
2 we're reading, the final document. Right? 2 MS. WAGSTAFF: This is actually
3 A. Yes. This, yes. 3 highlighted so I'm only going to give you
4 Q. So that information was considered in 4 guys one copy.
5 totality of the evidence in making the 5 BY MS. WAGSTAFF:
6 detennination. Correct? 6 Q. Okay. This is an article that is from
7 A. The issue -  this was the -  the point 7 Bolognesi in 2010. And if you turn to — this was
8 that was raised earlier about micronucleus 8 produced to us by Monsanto, which is why they are
9 formation observed immediately after Spring was 9 Bates labeled below. But if you turn to the end

10 not consistent with the rate of application used 10 of the Bates labels being 294, last three — 294.
11 in the regions. So this is the -  the issue that 11 Okay.
12 was brought up by the Monsanto attorney. 12 And on the left hand column, the
13 Q. Right. And so -- 13 end of the first paragraph, it says, "Results
14 A. And I made the point that that 14 showed significant increase in MN frequency after
15 information is in the monograph. 15 glyphosate exposure, mainly when it is applied for
16 Q. Excellent. So my question to you is -- 16 maturation of sugar cane."
17 and so -  by -  this may seem sort of 17 A. I've just got to find where you are at
18 self-explanatory. But by virtue of it being in 18 here.
19 the monograph final published paper, that suggests 19 Q. You want to look at — where I
20 that it was, in fact, considered in the totality 20 highlighted, it will help.
21 of the evidence determination that both the 21 MR. GRIFFIS: Object. The question
22 subgroup four and monograph 112 made. Is that 22 about this study which is not one that
23 correct? 23 foundation — been laid was considered by the
24 A. Yes. 24 witness or anyone else in connection with
25 Q. Okay. And then I'd like to — okay. 25 group four deliberations.
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1 A. Let me just read through this. 1 Do you know a Dr. Jim Perry?
2 MR. GRIFFIS: Calls for expert 2 A. No.
3 testimony. 3 Q. Okay. Do you know if during the IARC
4 A. Let me just read this paragraph here. 4 monograph 112 meeting that the panelists
5 BY MS. WAGSTAFF: 5 considered Dr. Perry's report that he commissioned
6 Q. Sure. 6 for Monsanto?
7 A. Okay. I've read it. 7 MR. GRIFFIS: Objection. Irrelevant
8 Q. All right. So do you see where it says, 8 beyond the scope of this deposition.
9 " Results showed significant increases in MN 9 A. I am unfamiliar with the name and any

10 frequency after glyphosate exposure, comma, mainly 10 data he — any report he was commissioned.
11 when it is applied for maturation of sugar cane." 11 BY MS. WAGSTAFF:
12 Do you see that? 12 Q. Okay. And so earlier today, Monsanto's
13 MR. GRIFFIS: Same objection. It is 13 attorneys tried to whittle down the amount of time
14 beyond the scope set by Judge Charbrio. 14 that y'all spent on this monograph. And they were
15 Asking this witness to make comments, extra 15 trying to suggest that you spent 20 percent of a
16 testimony on study unrelated to the 16 week on the glyphosate monograph. Did you
17 glyphosate 112 monograph. 17 remember that testimony?
18 A. I see — I see that. 18 MR. GRIFFIS: Object. Unfair
19 BY MS. WAGSTAFF: 19 characterization — Dr. Ross who said 20
20 Q. Okay. And this is the same Bolognesi 20 percent.
21 who wrote the article in 2009. Correct? 21 A. I remember the testimony.
22 MR. GRIFFIS: Same objection. 22 BY MS. WAGSTAFF:
23 A. I believe so. 23 Q. Okay. But this is all related to work
24 BY MS. WAGSTAFF: 24 that you do every day. Correct?
25 Q. Okay. Put that aside. 25 MR. GRIFFIS: Objection. Vague.
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1 Q. I'll strike that. 1 10.
2 A. Rephrase your question. In terms of 2 A. 10.
3 juggling acts? 3 Q. 10.
4 BY MS. WAGSTAFF: 4 A. Okay.
5 Q. No. I will rephrase. Okay. 5 Q. Okay. Can you point to me the place in
6 An hour that you spend - 6 the preamble where it says that the procedure that
7 A. Yes. 7 the IARC members follow must be a procedure set
8 Q. -- with your expertise, education wise 8 forth in a peer reviewed public literature? And
9 and experience is different than an hour that 9 I'm not talking about the data that you -- that

10 someone without that expertise spends on this type 10 you need to analyze.
11 of work. Correct? 11 I want to know where in the
12 A. Yes. Yeah, it's fair to say. 12 preamble it says that the procedure followed must
13 Q. Okay. I don't have any advance degrees 13 be that within a published literature. And I will
14 in chemistry, toxicology or any of the tilings on 14 submit to you that I don't think that it does say
15 your CV. So I'm guessing that an hour that you 15 that.
16 spend on that is way more productive than an hour 16 MR. GRIFFIS: Objection. Relevance.
17 I spend on that. Is that correct? 17 A. Looking for peer reviewed public
18 MR. GRIFFIS: Objection. Vague. 18 literature?
19 A. I would, yes. 19 BY MS. WAGSTAFF:
20 BY MS. WAGSTAFF: 20 Q. No. I am -  so I know that the preamble
21 Q. It's fair to say that. 21 says that the IARC panelists must consider -  the
22 Okay. I told you that we weren't 22 data it must consider must be published literature
23 going to have any more questions on the preamble. 23 available in the public domain. I know that. I'm
24 but I do have one more question. If you could 24 just wondering -  the procedure I'm actually
25 please pull that up. Which I believe is Exhibit 25 talking about, the ten factors that we talked
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1 about that the mechanism group looked at. 1 that. Prior to — that was a bad question. Okay.
2 Monsanto's attorney seemed to make 2 Prior to monograph 112, okay, so
3 a distinction that the procedure wasn't in 3 we're going right before that. The peer review
4 published literature until after the monograph 4 literature recognized genotoxicity and oxidative
5 happened. So I'm wondering, is there anything in 5 stress as causes of cancer. Correct?
6 the preamble that requires your procedure to be in 6 A. There were studies that indicated
7 published data? 7 genotoxicity and oxidated stress by glyphosate —
8 A. Okay. Right. I got you, what you're 8 caused by glyphosate.
9 saying now. 9 Q. Okay. Thanks. And as much as Monsanto

10 Yeah. So in the — in the 10 tried this morning to make IARC 112 and subgroup 4
11 preamble, under the mechanistic and other relevant 11 the Dr. Ross show, it wasn't. It was a team
12 data, section four, there's nothing in the 12 effort. Right?
13 preamble that states that examining the 10 key 13 MR. GRIFFIS: Objection to the
14 characteristics that that evaluation was 14 characterization. Misstates the whole day.
15 published. There is nothing in there about that. 15 A. Yeah.
16 Q. Okay. And there's nothing in there that 16 BY MS. WAGSTAFF:
17 says that for procedures go, in any procedures — 17 Q. Mean your —
18 A. As a procedural matter. 18 A. Yeah. I had — my main focus in this
19 Q. Yeah. Okay. In fact, genotoxic and 19 monograph was to evaluate the toxieokinetic data
20 oxidated stress were known causes of cancer in the 20 for glyphosate and the other four compounds. It
21 peer review literature prior to IARC. Right? 21 was to evaluate the toxieokinetic data and report
22 MR. GRIFFIS: Objection. 22 on that and be a member of the subgroup four
23 Mischaracterized the testimony. 23 mechanistic, mechanisms subgroup.
24 BY MS. WAGSTAFF: 24 Q. Okay. Excellent. And your co-subgroup
25 Q. Okay. Let me ask you — let me restate 25 members are experts in their own right. Correct?
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1 A. Yes. 1 Q. And that is, in fact, what you do in the
2 Q. I mean to get up to become a member of 2 scientific world in a setting like this. Correct?
3 an IARC panel, you must be an expert of some sort? 3 A. Correct. Absolutely.
4 A. Yes. 4 Q. Okay.
5 MR. GRIFFIS: Objection. Beyond 5 MS. WAGSTAFF: Let's take like a two or
6 Dr. Ross's knowledge. Foundation. 6 three minute break. I may be done. Real
7 BY MS. WAGSTAFF: 7 quick. I just want to talk with Jeff.
8 Q. And so — and so it is absolutely 8 VIDEOGRAPHER: Off the record at 5:46.
9 appropriate, you would agree with me, that you 9 (A short recess was taken.)

10 rely on your comembers analyses of studies. 10 (Exhibit No. 13-28 and Exhibit No. 13-29
11 Correct? 11 marked for identification.)
12 A. Yes. That's very important. 12 VIDEOGRAPHER: Back on record at 5:53.
13 Q. Right. I mean they didn't — no one 13 BY MS. WAGSTAFF:
14 called up Dr. Ross and said, Dr. Ross, make this 14 Q. All right. I'm going to try to wrap
15 opinion all by yourself. Correct? 15 this up in just a few minutes.
16 A. Right. 16 Why did you participate? Why —
17 Q. Okay. And so it's very appropriate, you 17 strike that. Why did you agree to participate in
18 would agree, that you didn't read every single 18 monograph 112?
19 article, and, in fact, relied on your co-panelist, 19 A. I have a lot of background in research
20 who are who co-experts in their analyses? 20 experience in pesticide metabolism,
21 Correct? 21 pharmicokinetic, organophosphorus, pesticides in
22 A. Yes. 22 particular. So I felt I was — I was well
23 Q. There's nothing abnormal about that. 23 qualified to serve on the panel.
24 Correct? 24 Q. And did you consider the invitation a
25 A. No. 25 prestigious invitation?
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A. Yes.
Q. Okay. And would you agree with me that 

scientific debate is a good thing?
A. Yes.
Q. Okay. I'm going to hand you as my 

hopefully last exhibit of the day, a document that 
Monsanto's attorney referenced this morning and it 
may actually be an exhibit. I'm not sure if you 
actually marked it as an exhibit.

I tucked under here — can I have 
one of those copies back? Sony.

This is an article that was 
published in a journal. Correct?

A. Yes.
Q. Okay. And it looks like it was — there 

are 94 authors of this article. Right?
A. Yes.
Q. And you are number — you are in there.
A. Yep.
Q. You're number —
A. 68.
Q. 68th, correct? You're the 68th author.

And are you familiar with the contents of this 
article?

A. Yes.
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Q. Okay. And as we sit here today, do you 
still stand by the contents of this article?

A. Yes.
MR. GRIFFIS: Objection. It is 

irrelevant to this deposition. And this 
article you objected to on the grounds that 
it postdated IARC beyond the scope of the 
judge's designation extent that is correct, 
your questions are out, too.

BY MS. WAGSTAFF:
Q. And is anything — strike that.

In March of 2015, you believed 
based on the totality o f the evidence that 
glyphosate was a probable carcinogen. Is that 
correct?

MR. GRIFFIS: Objection. Misrepresents 
the record.

MR. WHITE: You can answer within the 
scope of the IARC. You don't have to give a 
personal opinion.
A. The monograph, I think, speaks for 

itself. I was a member of the volume 112 team. 
And it was classified 2 A.
BY MS. WAGSTAFF:

Q. Okay. And is anything — was anything
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that was said today changed your mind on the 
decision that monograph 112 panelist came to? 

A. No.
Q. Okay. Thank you. No further questions. 

VIDEOGRAPHER: Off record.
(A short recess was taken.) 
VIDEOGRAPHER: Back on record. 

EXAMINATION BY MR. GRIFFIS:
Q. Sir, thank you for your time today. I 

have a few more questions on the subject of peer 
review.

There's a difference in the field 
of academic science, sort of science that you are 
normally involved in between peer reviewed and 
non-peer reviewed studies. Right?

A. There is a difference.
Q. The peer reviewed studies tend to be the 

better studies because they are good enough that 
they can be submitted to journals or good enough 
that when your peers look at them, they give 
sufficiently favorable reviews the journal would 
publish them. Correct?

A. The peer reviews system acts as a 
gatekeeper in a way. Quality control mechanism.

Q. And it's certainly not a single unitary
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gate. Is that right? And what I mean by that, 
sir, is that there are journals of varying 
qualities and there are peer review processes of 
varying degrees of rigor?

A. I would — yes, I would agree with that.
Q. There are some journals that are very 

prestigious, and you know that if something is 
published in one of those journals, it has been 
through a pretty good peer review process.

In contrast, there are some 
journals that aren't so prestigious and you may 
not have such confidence in the peer review 
process that things that are published and have 
gone to; is that fair?

MS. WAGSTAFF: Objection. Foundation.
A. So I don't completely agree with that.

BY MR. GRIFFIS:
Q. Tell me why.
A. Because you're assuming that what you 

think is a lower tiered journal with a low impact 
factor, every peer review of that article that 
comes through there is — is flawed. And I don't 
think that's the case.

Q. I didn't mean to put those words into 
your head at all, sir. There are — just that
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1 there is certainly, in your mind, a hierarchy of 1 Q. — existence —
2 journals and hierarchy of rigor of peer review. 2 A. Doesn't exist because it's not in the
3 It may not be from good to bad, but from good to 3 peer reviewed published, published lilerature.
4 less good? 4 Q. It doesn't count for you. You don't
5 A. Yeah. We call those impact factors. 5 consider it?
6 The type of journal that we consider of high 6 A. Yes.
7 quality, high level versus lower impact factor 7 Q. Okay.
8 journals. 8 A. It — yes.
9 Q. Now, the unpublished data, the stuff 9 Q. You didn't mean that such things didn't

10 that is produced by academic scientists that 10 happen? Certainly, there are studies that don't
11 doesn't get published, that hasn't necessarily 11 ever get published because they are not good
12 been through any sort of review process or 12 enough. That's fair?
13 auditing process or procedure to make sure that 13 A. There are studies that don't get
14 it's good science. Is that fair? 14 published because they are not good enough? Did
15 MS. WAGSTAFF: Objection. 15 they go through peer review or did they — depends
16 A. Unpublished — unpublished data 16 on did they go through peer review system.
17 essentially doesn't exist in academic science. It 17 Q. Right. So my —
18 doesn't exist. If it's not published, it doesn't 18 A. And someone may have found a flaw in the
19 exist. In die academic world — 19 analysis.
20 BY MR. GRIFFIS: 20 Q. I would like to talk about good
21 Q. Academics. It may as well not exist, is 21 laboratory practices, studies that are done under
22 that what you mean? 22 good laboratory practices, by contrast with
23 A. That's right. 23 unpublished academic things.
24 Q. I mean, it does actually — 24 A. Uh-huh (affirmative response).
25 A. Sure. 25 Q. That you said may as well not exist for
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1 purposes of what academic scientist consider to be 1 laboratory conducts its practice about the
2 valuable information. GLP labs are certified by 2 collection of data and so on. You don't know
3 the government. Correct? 3 exactly what those are?
4 A. To my knowledge, they are. 4 MS. WAGSTAFF: Object to foundation.
5 Q. They go through a rigorous certification 5 A. Yes. I think so. I don't know all of
6 process. True? 6 the details about GLP. But — but they are, I'm
7 MS. WAGSTAFF: Object to the form. 7 sure, because I worked in it, there are things
8 Using the word "rigorous." 8 that we have to do.
9 A. I believe so. You know. Working in a 9 BY MR. GRIFFIS:

10 GPL, I know there are steps they have to take. 10 Q. Do you know, for example, that GLP
11 BY MR. GRIFFIS: 11 regulations require that before a study can be
12 Q. There are multiple levels of audits, 12 conducted, the study plan, the methodology to be
13 both audits by internal auditors and the auditors 13 used, need to be written down?
14 and the lab are also audited by external auditors. 14 A. Yes. I am aware of that.
15 Correct? 15 Q. So, in academic medicine, you may or may
16 A. Yes. 16 not have a prior plan. It would be best practice
17 Q. Okay. Data collection analysis, 17 to have a prior plan, but you may not. But in a
18 statistical review of the data, all of that is 18 GLP lab, you have to have a prior plan; that's the
19 prescribed and regimented and controlled by the 19 rule. Right?
20 GLP regulations. Correct? 20 A. Again, I'm not an expert in GLP.
21 A. Since I don't work in GLP, it was a long 21 Q. Okay. Do you know, sir, that GLP labs
22 time ago, I can't really address the specifics of 22 are — there are guarantees built into the
23 what is involved in the GLP studies. 23 process, as a whole point of GLP, as to the
24 Q. Okay. But you know that there are a 24 methodology that's followed and that the
25 large number of regulations about how the 25 methodology that was set out in advance was in
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1 fact followed? 1 Form and scope of the question.
2 MS. WAGSTAFF: Object to the foundation 2 A. I don't know all of the regulatory tests
3 of — and the word of the use of word 3 that are prescribed, but I'm aware that there are
4 guarantees. There is no guarantee in that I 4 some for sure. I don't know all of the details.
5 don't think. So form and foundation. 5 BY MR. GRIFFIS:
6 BY MR. GRIFFIS: 6 Q. You don't know which tests are
7 Q. Go ahead, sir. 7 prescribed, but you do know that some are?
8 A. I don't know all of the details of the 8 A. Clearly. I worked in a contract lab
9 GLP requirements, and what's involved in that. 9 that would have to submit data to a chemical

10 Q. Okay. Do you know — are you familiar, 10 company that would submit it to EPA. So I'm
11 sir, that in addition to GLP certification and the 11 familiar with that.
12 instance of GLP lab, companies like Monsanto are 12 Q. Okay. When we're talking about the
13 very heavily regulated with regard to the science 13 regulatory battery of studies conducted by
14 that they generate? 14 companies like Monsanto, and other registrants of
15 MS. WAGSTAFF: Object to foundation. 15 glyphosate products, we're talking about highly
16 A. I would presume if they are trying to 16 regulated studies with methodologies set forth in
17 get their products registered by EPA, they are — 17 advance with bioassays prescribed by the
18 they are regulated. 18 regulators conducted in GLP labs with multiple
19 BY MR. GRIFFIS: 19 layers of auditing. Correct?
20 Q. Are you aware that EPA and other 20 MS. WAGSTAFF: Object to the foundation.
21 regulators in other countries set forth a list of 21 There's no evidence in front of the deponent
22 the experiments that must be done to establish the 22 that any of that is actually an accurate
23 safety and efficacy of products that are submitted 23 description of the regulation. Object to the
24 for registration by companies like Monsanto? 24 form.
25 MS. WAGSTAFF: Object to the foundation. 25 A. What is the best way to answer it?
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1 MS. WAGSTAFF: Another objection is he's 1 A. No. I didn't say that.
2 testified he's not a regulatory expert. So 2 Q. Okay. What do you mean?
3 he's just speculating. 3 A. You implied that unpublished data that
4 A. I know there are requirements that they 4 an academic scientist might have was performed
5 have to meet for their products to be registered 5 poorly.
6 with EPA. I don't know the specific details of 6 Q. You told me earlier that -- what I was
7 it. 7 alluding to, sir, you told me a little bit earlier
8 BY MR. GRIFFIS: 8 that unpublished data created by academic science
9 Q. And the quality and rigor of GLP 9 doesn't exist, which you didn't quite mean

10 certified studies conducted for regulatory 10 literally. You meant it may as well not exist
11 approval is a completely different universe than 11 because it is not even considered. Correct?
12 that of unpublished studies produced by academic 12 A. That's correct.
13 labs. Fair? 13 Q. And by contrast, GLP registration data
14 A. Unpublished studies? 14 and both continues to exist and is considered by
15 MS. WAGSTAFF: Object to foundation -  I 15 every regulator in the world in making very
16 mean foundation and object to the form. 16 important assessments about risk and hazard.
17 Completely different universe. 17 Correct?
18 A. I don't know. I can't answer that 18 MS. WAGSTAFF: Object to foundation.
19 question. 19 Every single regulator in the world relies on
20 BY MR. GRIFFIS: 20 GLP and I object to that. Objection to form.
21 Q. There is a world of difference in 21 A. I'm not a GLP expert. I know there are
22 quality between the two? 22 very stringent regulations in GLP laboratories.
23 A. I would disagree. 23 That doesn't mean — that doesn't necessarily mean
24 Q. You believe the GLPs certified labs 24 that the experiments — that the data is valid.
25 produce bad science? 25 I mean, it could be done poorly.
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1 The experiments could still be done poorly in a l Q. It's conceivable on peer review because
2 GLP laboratory, the data quality could still be 2 you aren't auditing the lab, not backing up the
3 poor. 3 scientist in that way. Correct?
4 BY MR. GRIFFIS: 4 MS. WAGSTAFF: Objection. Hypothetical.
5 Q. There are controls to make sure that 5 MR. WHITE: You don't have to answer any
6 they aren't, though. Right? 6 hypotheticals.
7 MS. WAGSTAFF: Object to foundation. He 7 BY MR. GRIFFIS:
8 said he is not a GLP expert. 8 Q. There aren't controls in academic labs
9 A. Yeah. I'm not a GLP expert. Controls 9 in a systematic way, the way they are in GLP labs

10 are important in science and when studies are peer 10 to ensure data quality. That's fair to say,
11 reviewed, the peer reviewers are looking for 11 right?
12 whether appropriate controls were utilized in the 12 MS. WAGSTAFF: Objection. Foundation.
13 experiments, whether appropriate quality control 13 A. Yeah. It's an interesting question
14 aspects were followed. 14 because GLP requires a great deal of prescriptions
15 BY MR. GRIFFIS: 15 you have to follow. And I'm aware of that.
16 Q. And you don't know if the data is real? 16 BY MR. GRIFFIS:
17 MS. WAGSTAFF: Objection. 17 Q. Okay. I will move on from that.
18 Argumentative. 18 In the preamble, which is Exhibit
19 A. You don't know if the data is real? 19 10 there. Can you pull it up, please?
20 BY MR. GRIFFIS: 20 A. Preamble?
21 Q. Yes, sir. 21 Q. Yes, sir. Page 20.
22 A. Oh, if — when you're peer reviewing? 22 MS. WAGSTAFF: Hold on a second.
23 Q. Yes, sir. 23 BY MR. GRIFFIS:
24 A. Oh, you think it could be fabricated? 24 Q. In the description of sufficient
25 Is that what you're indicating? 25 evidence of carcinogenicity, do you know why the

P age  312 P age  313

1 preamble calls for studies ideally to be conducted 1 Q. Thank you for your time today, sir.
2 under good laboratory practices? 2 MS. WAGSTAFF: No further questions for
3 A. Let me see. I'm going to read, "An 3 me.
4 increase in the incidents of tumors in both sexes 4 YIDEOGRAPHER: Off record, 6:11.
5 of a single species in a well conducted study 5 (Ended at 6:11 p.m.)
6 ideally conducted under good laboratory practices 6

7 can also provide sufficient evidence." Do I know 7

8 why? 8

9 Q. Do you know why IARC states that it is 9

10 willing in some circumstances to rely on a single 10

11 well conducted study ideally conducted under good 11

12 laboratory practices? Why it says ideally 12

13 conducted in good laboratory practices? 13

14 A. I don't know if it says single study. 14

15 Of a single species — 15

16 Q. In a well conducted study. 15

17 A. Yeah. Again, I'm not an expert in GLP 17

18 that can answer that question. Why — I don't 18

19 think it gets more weight than an academic 19

20 study — a GLP study. 2 0

21 Q. IARC says ideally such a study would be 21

22 conducted under good laboratory practices. Is 22

23 that right? 23

24 A. That's what — that's what a preamble 24

25 says, yes. 25
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Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 119 of 398

United States District Court
for the

Northern District of California 

IN RE: ROUNDUP PRODS. LIABILITY LITIG. )
Plaintiff )

v. ) Civil Action No. 16-md
)

__________________ __ )
Defendant )

■2741-VC

SUBPOENA TO TESTIFY AT A DEPOSITION IN A CIVIL ACTION

To: Dr. Matthew K. Ross

(Name o f  person to whom this subpoena is directed)

fif Testimony: YOU ARE COMMANDED to appear at the time, date, and place set forth below to testify at a 
deposition to be taken in this civil action. If you are an organization, you must designate one or more officers, directors, 
or managing agents, or designate other persons who consent to testify on your behalf about the following matters, or 
those set forth in an attachment:

Place: Mississippi State University
175 President's Circle, Allen Hall 
Mississippi State, MS 39762

Date and Time:
05/03/2017 9:00 am

The deposition will be recorded by this method: video and stenographic

Production: You, or your representatives, must also bring with you to the deposition the following documents, 
electronically stored information, or objects, and must permit inspection, copying, testing, or sampling of the 
material: See Exhibit A attached.

The following provisions of Fed. R. Civ. P. 45 are attached -  Rule 45(c), relating to the place of compliance; 
Rule 45(d), relating to your protection as a person subject to a subpoena; and Rule 45(e) and (g), relating to your duty to 
respond to this subpoena and the potential consequences of not doing so.

Date: 04/21/2017
CLERK OF COURT

Signature o f  Clerk or Deputy> Clerk Attorney's signature

The name, address, e-mail address, and telephone number of the attorney representing (name o f party)

Monsanto Company_____________________ _________ _____  ___ , who issues or requests this subpoena, are:
Eric G. Lasker, 1350 I Street NW, Washington, DC 20005; elasker@hollingsworthllp.com; (202) 898-5800

Notice to the person who issues or requests this subpoena
If this subpoena commands the production of documents, electronically stored information, or tangible things before 
trial, a notice and a copy of the subpoena must be served on each party in this case before it is served on the person to 
whom it is directed. Fed. R. Civ. P. 45(a)(4).

mailto:elasker@hollingsworthllp.com
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Civil Action No. 16-md-2741-VC

PROOF OF SERVICE
(This section should not be filed with the court unless required by Fed R. Civ. P. 45.)

I received this subpoena for (name o f individual and title, i f  a n y ) _______________________________________________________

Oil ( d a t e ) ______________________ .

□ I served the subpoena by delivering a copy to the named individual as follows:

On (date) ; or

□  I returned the subpoena unexecuted because:

Unless the subpoena was issued on behalf of the United States, or one of its officers or agents, I have also 
tendered to the witness the fees for one day’s attendance, and the mileage allowed by law, in the amount of

$ ___________ ________ .

My fees are $ for travel and $ for services, for a total of $ 0.00

I declare under penalty of perjury that this information is true.

Date:
Server's signature

Printed name and title

Server ’s address

Additional information regarding attempted service, etc.:
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Federal Rule of Civil Procedure 45 (c), (d), (e), and (g) (Effective 12/1/13)

Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 121 of 398

(c) Place of Compliance.

(1) For a Trial-, Hearing, or Deposition. A subpoena may command a 
person to attend a trial, hearing, or deposition only as follows:

(A) within 100 miles of where the person resides, is employed, or 
regularly transacts business in person; or

(B) within the state where the person resides, is employed, or regularly 
transacts business in person, if the person

(i) is a party or a party’s officer; or
(ii) is commanded to attend a trial and would not incur substantial 

expense.

(2) For Other Discovery. A subpoena may command:
(A) production of documents, electronically stored information, or 

tangible things at a place within 100 miles of where the person resides, is 
employed, or regularly transacts business in person; and

(B) inspection of premises at the premises to be inspected.

(d) Protecting a Person Subject to a Subpoena; Enforcement.

{1) Avoiding Undue Burden or Expense; Sanctions. A party or attorney 
responsible for issuing and serv ing a subpoena must take reasonable steps 
to avoid imposing undue burden or expense on a person subject to the 
subpoena. The court for the district where compliance is required must 
enforce this duty and impose an appropriate sanction—which may include 
lost earnings and reasonable attorney’s fees—on a party or attorney who 
fails to comply.

(2) Command to Produce Materials or Permit Inspection.
(A) Appearance Not Required. A  person commanded to produce 

documents, electronically stored information, or tangible things, or to 
permit the inspection of premises, need not appear in person at the place of 
production or inspection unless also commanded to appear for a deposition, 
hearing, or trial.

(B) Objections. A person commanded to produce documents or tangible 
things or to permit inspection may serve on the party or attorney designated 
in the subpoena a written objection to inspecting, copying, testing, or 
sampling any or all of the materials or to inspecting the premises—or to 
producing electronically stored information in the form or forms requested. 
The objection must be served before the earlier of the time specified for 
compliance or 14 days after the subpoena is served. If an objection is made, 
the following rules apply:

(i) At any time, on notice to the commanded person, the serving party 
may move the court for the district where compliance is required for an 
order compelling production or inspection.

(ii) These acts may be required only as directed in the order, and the 
order must protect a person who is neither a party nor a party’s officer from 
significant expense resulting from compliance.

(3) Quashing or Modifying a Subpoena.

(A) When Required. On timely motion, the court for the district where 
compliance is required must quash or modify a subpoena that:

(i) fails to allow a reasonable time to comply:
(ii) requires a person to comply beyond the geographical limits 

specified in Rule 45(c);
(iii) requires disclosure of privileged or other protected matter, if no 

exception or waiver applies; or
(iv) subjects a person to undue burden.

(B) When Permitted. To protect a person subject to or affected by a 
subpoena, the court for the district where compliance is required may, on 
motion, quash or modify the subpoena if it requires:

(i) disclosing a trade secret or other confidential research, development, 
or commercial information; or

(ii) disclosing an unretained expert’s opinion or information that does 
not describe specific occurrences in dispute and results from the expert’s 
study that was not requested by a party.

(C) Specifying Conditions as an Alternative. In the circumstances 
described in Rule 45(d)(3)(B), the court may. instead of quashing or 
modifying a subpoena, order appearance or production under specified 
conditions if the serving party:

(i) shows a substantial need for the testimony or material that cannot be 
otherwise met without undue hardship; and

(ii) ensures that the subpoenaed person will be reasonably compensated.

(e) Duties in Responding to a Subpoena.

(1) Producing Documents or Electronically Stored Information. These 
procedures apply to producing documents or electronically stored 
information:

(A) Documents. A person responding to a subpoena to produce documents 
must produce them as they are kept in the ordinary course of business or 
must organize and label them to correspond to the categories in the demand.

(B) Form for Producing Electronically Stored Information Not Specified.
If a subpoena does not specify a form for producing electronically stored 
information, the person responding must produce it in a form or forms in 
which it is ordinarily maintained or in a reasonably usable form or forms.

(C) Electronically Stored Information Produced in Only One Form. The 
person responding need not produce the same electronically stored 
information in more than one form.

( D) Inaccessible Electronically Stored Information. The person 
responding need not provide discovery of electronically stored information 
from sources that the person identifies as not reasonably accessible because 
of undue burden or cost. On motion to compel discovery or for a protective 
order, the person responding must show that the information is not 
reasonably accessible because of undue burden or cost. If that showing is 
made, the court may nonetheless order discovery from such sources if the 
requesting party shows good cause, considering the limitations of Rule 
26(b)(2)(C). The court may specify conditions for the discovery.

(2) Claiming Privilege or Protection.
(A) Information Withheld. A person withholding subpoenaed information 

under a claim that it is privileged or subject to protection as trial-preparation 
material must:

(i) expressly make the claim; and
(ii) describe the nature of the withheld documents, communications, or 

tangible things in a manner that, without revealing information itself 
privileged or protected, will enable the parties to assess the claim.

(B) Information Produced. If information produced in response to a 
subpoena is subject to a claim of privilege or of protection as 
trial-preparation material, the person making the claim may notify any party 
that received the information of the claim and the basis for it. After being 
notified, a party must promptly return, sequester, or destroy the specified 
information and any copies it has; must not use or disclose the information 
until the claim is resolved; must take reasonable steps to retrieve the 
information if the party disclosed it before being notified; and may promptly 
present the information under seal to the court for the district where 
compliance is required for a determination of the claim. The person who 
produced the information must preserve the information until the claim is 
resolved,

(g) Contempt
The court for the district where compliance is required—and also, after a 
motion is transferred, the issuing court—may hold in contempt a person 
who, having been served, fails without adequate excuse to obey the 
subpoena or an order related to it.

For access to subpoena materials, see Fed. R. Civ. P. 45(a) Committee Note (2013).
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EXHIBIT A

DEFINITIONS AND INSTRUCTIONS

1. The term “Communication,” as used in these Requests, is intended to have the broadest 
possible meaning and shall include any contact or act by which information or knowledge 
is transmitted or conveyed between two or more persons and includes, without limitation: 
(1) written contact, including but not limited to letters, memoranda, PowerPoint 
presentations, email, text message, telegram, telex, internet-based meetings, or other 
written or electronic documents or files; (2) oral contact, whether by face-to-face 
meetings, internet-based meetings, video conferences, telephonic conversations, or 
otherwise; and (3) nonverbal acts intended to communicate or convey any meaning, 
understanding or other message.

2. The term “documents” is used broadly, and encompasses all tangible things and recorded 
information possessed by you, whether such documents are located in computers, e-mail 
accounts, or hard-copy documents or files. The term “documents” includes, but is not 
limited to, handwritten, typed, or printed papers, whether in final or draft form, 
handwritten notations, letters, cards, memoranda, diaries, electronic mail, drawings, 
photographs, audio, DVD and videotape recordings, statements, manuals, calendars, 
notes of telephone conversations, reports, receipts, correspondence, notes, computer print 
outs, tapes, disks, CD-ROM, and other forms of electronically or magnetically 
maintained information. The term “e-mail accounts” includes all email accounts, 
whether for personal use, business, or otherwise.

3. The terms “relating to” and “related to” mean in whole or in part or in any way 
constituting, containing, concerning, embodying, evidencing, reflecting, describing, 
analyzing, identifying, stating, dealing with, referring to or pertaining to.

4. Words used in the singular shall, where the context permits, include the plural, and words 
used in the plural shall, where the context permits, include the singular.

5. “You” and “your” refers to the person served with and responding to this subpoena.

6. The term “Working Group 112” shall refer to the 18 members who comprised the 
working group for the International Agency for Research on Cancer (“IARC”)’s 
monograph volume 112: “Some Organophosphate Insecticides and Herbicides: Diazinon, 
Glyphosate, Malathion, Parathion, and Tetrachlorvinphos” from January 1, 2014 through 
July 29, 2015; the 17 members who met at I ARC on March 3 through March 10, 2015 to 
assess the carcinogenicity of glyphosate, and worked on IARC monograph 112, as well 
as invited specialists, observers, representatives of national and international health 
agencies and IARC secretariats. The individuals who comprise IARC Working Group
112 are identified in Attachment 1 to this document request.

You may provide the following requests either by mail to:

Hollingsworth LLP

1
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1350 I Street, N.W.
Washington, DC 20005 
Attn: Kirby Griffis

Or you may choose to contact Kirby Griffis at (202) 898-5828 to arrange a place of 
inspection/copying/transmittal as convenient to you.

All documents must be provided by no later than May 1,2017 at 9:00AM.

DOCUMENT REQUESTS

1. A copy of your most recent curriculum vitae.

2. All documents including without limitation, all emails with any attachments, created by, 
sent by, received by, copied to, or maintained by you, correspondence, and notes, in your 
possession that were responsive to Monsanto’s subpoena served upon you on or around 
August 19, 2016 (Attachment 2), that you did not already produce.

2
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UNITED STATES DISTRICT COURT 
NORTHERN DISTRICT OF CALIFORNIA

IN RE: ROUNDUP PRODUCTS MDL No. 2741
LIABILITY LITIGATION

Case No. 16-md-02741-VC

This document relates to all cases.

PLAINTIFFS’ CROSS-NOTICE TO TAKE 
ORAL AND VIDEOTAPED DEPOSITION 
OF DR. MATTHEW ROSS

TO: Defendant MONSANTO COMPANY by and through its attorney of record Heather
Pigman, Hollingsworth LLP, 1350 I Street NW, Washington, DC 20005.

Please take notice that pursuant to Rule 30 of the Federal Rules of Civil Procedure and PTO

16 of MDL 2741, Plaintiffs, by and through their counsel, will take the videotaped deposition upon

oral examination of Matthew K. Ross, Ph.D., on Wednesday, May 3, 2017 at 9:00 a.m. CDT,

at Mississippi State University, 175 President’s Circle, Allen Hall, Mississippi State, MS

39762. The witness shall produce documents identified in Exhibit A, attached hereto. The

deposition will be taken before a person authorized by law to administer oaths, pursuant to Rule 28

of the Federal Rules of Civil Procedure, and will continue day-to-day until the examination is

completed. This deposition is cross-noticed in the above-captioned manner pursuant to Federal

Rules of Civil Procedure.

DATED: May 2,2017 By: /s/ Aimee H. Wagstaff 
Aimee H. Wagstaff 
Andrus Wagstaff, PC 
7171 W. Alaska Drive 
Lakewood, CO 80226 
Tel: 303-376-6360
aimee.wagstaff@andruswagstaff.com 
Co-Lead Counsel fo r  Plaintiffs in 
MDL No. 2741

___________________________________________ - 1 -
PLAINTIFFS’ CROSS-NOTICE TO TAKE DEPOSITION OF MATTHEW ROSS, PH.D.

3:16-md-02741-VC

mailto:aimee.wagstaff@andruswagstaff.com
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EXHIBIT A

DOCUMENT REQUESTS

Please produce to Noticing Party the following documents at least 48 hours prior to your 

scheduled deposition:

1. A copy of your most current Curriculum Vitae.

___________________________________________ -_2 _-__________________________________________
PLAINTIFFS’ CROSS-NOTICE TO TAKE DEPOSITION OF MATTHEW ROSS, PH.D.

3:16-md-02741 - VC
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CERTIFICATE OF SERVICE

I hereby certify that a true and correct copy of the foregoing document was served on 

Monsanto via HPigman@Hollingsworthllp.com

DATED: May 2,2017 By: /s/ Aimee H. Wagstaff
Aimee H. Wagstaff 
Andrus Wagstaff, PC 
7171 W. Alaska Drive 
Lakewood, CO 80226 
Tel: 303-376-6360
aimee.wagstaff@andruswagstaff.com 
Co-Lead Counsel for Plaintiffs in 
MDL No. 2741

___________________________________________ -3_-__________________________________________
PLAINTIFFS’ CROSS-NOTICE TO TAKE DEPOSITION OF MATTHEW ROSS, PH.D.

3:16-md-02741 -VC

mailto:HPigman@Hollingsworthllp.com
mailto:aimee.wagstaff@andruswagstaff.com
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United States District Court
for the

Northern District of California 

EDWARD HARDEMAN )
Plaintiff )

v. ) Civil Action No. 3:16-cv-00525-VC
MONSANTO COMPANY AND JOHN DOES 1-50 )

_______________________ _...._ ... )
Defendant )

SUBPOENA TO PRODUCE DOCUMENTS, INFORMATION, OR OBJECTS 
OR TO PERMIT INSPECTION OF PREMISES IN A CIVIL ACTION

To: Dr. Matthew K. Ross

(Name o f  person to whom this subpoena is directed)

VÎ Production: YOU ARE COMMANDED to produce at the time, date, and place set forth below the following 
documents, electronically stored information, or objects, and to permit inspection, copying, testing, or sampling of the 
material: See attachment for list of documents to be produced.

Place: p lace of inspection/copying/transmittal to be arranged Date and Time:
with issuing attorney a s  convenient to Dr. R oss. 09/16/2016 9:00 am

□  Inspection o f Premises: YOU ARE COMMANDED to permit entry onto the designated premises, land, or 
other property possessed or controlled by you at the time, date, and location set forth below, so that the requesting party 
may inspect, measure, survey, photograph, test, or sample the property or any designated object or operation on it.

The following provisions of Fed. R. Civ. P. 45 are attached -  Rule 45(c), relating to the place of compliance; 
Rule 45(d), relating to your protection as a person subject to a subpoena; and Rule 45(e) and (g), relating to your duty to

The name, address, e-mail address, and telephone number of the attorney representing (name o f party)

Monsanto Company_____ _______ ____ ____________________ _ __ , who issues or requests this subpoena, are:
Eric G. Lasker, 1350 I Street NW, Washington, DC 20005; elasker@hollingsworthllp.com; (202) 898-5800

Notice to the person who issues or requests this subpoena
If this subpoena commands the production of documents, electronically stored information, or tangible things or the 
inspection of premises before trial, a notice and a copy of the subpoena must be served on each party in this case before 
it is served on the person to whom it is directed. Fed. R. Civ. P. 45(a)(4).

mailto:elasker@hollingsworthllp.com
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PROOF OF SERVICE
(This section should not be filed with the court unless required by Fed. R. Civ. P. 45.)

I received this subpoena for (name o f individual and title, i f  any)

on (date)

□  I served the subpoena by delivering a copy to the named person as follows:

on (date) ; or

□  I returned the subpoena unexecuted because:

Unless the subpoena was issued on behalf of the United States, or one of its officers or agents, I have also 
tendered to the witness the fees for one day’s attendance, and the mileage allowed by law, in the amount of

$

My fees are $ for travel and $ for services, for a total of $ 0.00

1 declare under penalty of perjury that this information is true.

Date:
Sewer 's signature

Printed name and title

Server 's address

Additional information regarding attempted service, etc.:
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(c) Place of Compliance.

(1) For a Trial, Hearing, or Deposition. A subpoena may command a 
person to attend a trial, hearing, or deposition only as follows:

(A) within 100 miles o f  where the person resides, is employed, or 
regularly transacts business in person; or

(B) within the state where the person resides, is employ ed, or regularly 
transacts business in person, if the person

(i) is a party or a party’s officer; or
(ii) is commanded to attend a trial and would not incur substantial 

expense. ■■

(2) For Other Discovery. A subpoena may command:
(A) production of documents, electronically stored information, or 

tangible things at a place within 100 miles of where the person resides, is 
employed, or regularly transacts business in person; and

(B) inspection of premises at the premises to be inspected.

(d) Protecting a Person Subject to a Subpoena; Enforcement.

(1) A voiding Undue Burden or Expense; Sanctions. A party or attorney 
responsible for issuing and serving a subpoena must take reasonable steps 
to avoid imposing undue burden or expense on a person subject to the 
subpoena. The court for the district where compliance is required must 
enforce this duty and impose an appropriate sanction—which may include 
lost earnings and reasonable attorney’s fees—on a party or attorney who 
fails to comply.

(2) Comnmnd to Produce Materials or Permit Inspection.
(A) Appearance Not Required. A person commanded to produce 

documents, electronically stored information, or tangible things, or to 
permit the inspection of premises, need not appear in person at the place of 
production or inspection unless also commanded to appear for a deposition, 
hearing, or trial.

(B) Objections. A person commanded to produce documents or tangible 
things or to permit inspection may serve on the party or attorney designated 
in the subpoena a written objection to inspecting, copying, testing, or 
sampling any or all of the materials or to inspecting the premises—or to 
producing electronically stored information in the form or forms requested. 
The objection must be served before the earlier of the time specified for 
compliance or 14 days after the subpoena is served. If an objection is made, 
the following rules apply:

(i) At any time, on notice to the commanded person, the serving part)’ 
may move the court for the district where compliance is required for an 
order compelling production or inspection.

(ii) These acts may be required only as directed in the order, and the 
order must protect a person who is neither a party nor a party’s officer from 
significant expense resulting from compliance.

(3) Quashing or Modifying a Subpoena.
(A) When Required. On timely motion, the court for the district where 

compliance is required must quash or modify a subpoena that:
(i) fails to allow a reasonable time to comply;
(ii) requires a person to comply beyond the geographical limits 

specified in Rule 45(c);
(¡ii) requires disclosure of privileged or other protected matter, if no 

exception or waiver applies; or
(iv) subjects a person to undue burden.

(B) When Permitted. To protect a person subject to or affected by a 
subpoena the court for the district where compliance is required may, on 
motion, quash or modify the subpoena if it requires:

(i) disclosing a trade secret or other confidential research, 
development, or commercial information; or

(ii) disclosing an unretained expert’s opinion or information that does 
not describe specific occurrences in dispute and results from the expert’s 
study that was not requested by a party.

(C) Specifying Conditions as an Alternative. In the circumstances 
described in Rule 45(d)(3)(B), the court may, instead of quashing or 
modifying a subpoena, order appearance or production under specified 
conditions if the serving party:

(i) shows a substantial need for the testimony or material that cannot be 
otherwise met without undue hardship; and

(ii) ensures that the subpoenaed person will be reasonably compensated.

(e) Duties in Responding to a Subpoena.

(1) Producing Documents or Electronically Stored Information. These 
procedures apply to producing documents or electronically stored 
information:

(A) Documents. A person responding to a subpoena to produce documents 
must produce them as they are kept in the ordinary course of business or 
must organize and label them to correspond to the categories in the demand.

(B) Form for Producing Electronically Stored Information Not Specified. 
If a subpoena does not specify' a form for producing electronically stored 
information, the person responding must produce it in a form or forms in 
which it is ordinarily maintained or in a reasonably usable form or forms.

(C) Electronically Stored Information Produced in Only One Form. The 
person responding need not produce the same electronically stored 
information in more than one form.

(D) Inaccessible Electronically Stored Information. The person 
responding need not provide discovery of electronically stored information 
from sources that the person identifies as not reasonably accessible because 
of undue burden or cost. On motion to compel discovery or for a protective 
order, the person responding must show that the information is not 
reasonably accessible because of undue burden or cost. If that showing is 
made, the court may nonetheless order discovery from such sources if the 
requesting party shows good cause, considering the limitations of Rule 
26(b)(2)(C). The court may specify conditions for the discovery .

(2) Claiming Privilege or Protection.
(A) Information Withheld. A person withholding subpoenaed information 

under a claim that it is privileged or subject to protection as trial-preparation 
material must:

(i) expressly make the claim; and
(ii) describe the nature of the w ithheld documents, communications, or 

tangible things in a manner that, without revealing information itself 
privileged or protected, w'ill enable the parties to assess the claim.

(B) Information Produced. If information produced in response to a 
subpoena is subject to a claim of privilege or of protection as 
trial-preparation material, the person making the claim may notify any party 
that received the information of the claim and the basis for it. After being 
notified, a party' must promptly return, sequester, or destroy the specified 
information and any copies it has; must not use or disclose the information 
until the claim is resolved: must take reasonable steps to retrieve the 
information if the party disclosed it before being notified; and may promptly 
present the information under seal to the court for the district where 
compliance is required for a determination of the claim. The person who 
produced the information must preserve the information until the claim is 
resolved.

.(g) Contempt
The court for the district where compliance is required—and also, after a 
motion is transferred, the issuing court—may hold in contempt a person 
who, having been served, fails without adequate excuse to obey the 
subpoena or an order related to it.

For access to subpoena materials, see Fed. R. Civ. P. 45(a) Committee Note (2013).
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DEFINITIONS AND INSTRUCTIONS

1. The term “Communication,” as used in these Requests, is intended to have the broadest 
possible meaning and shall include any contact or act by which information or knowledge 
is transmitted or conveyed between two or more persons and includes, without limitation: 
(1) written contact, including but not limited to letters, memoranda, PowerPoint 
presentations, email, text message, telegram, telex, internet-based meetings, or other 
written or electronic documents or files; (2) oral contact, whether by face-to-face 
meetings, internet-based meetings, video conferences, telephonic conversations, or 
otherwise; and (3) nonverbal acts intended to communicate or convey any meaning, 
understanding or other message.

2. The term “documents” is used broadly, and encompasses all tangible things and recorded 
information possessed by you, whether such documents are located in computers, e-mail 
accounts, or hard-copy documents or files. The term “documents” includes, but is not 
limited to, handwritten, typed, or printed papers, whether in final or draft form, 
handwritten notations, letters, cards, memoranda, diaries, electronic mail, drawings, 
photographs, audio, DVD and videotape recordings, statements, manuals, calendars, 
notes o f telephone conversations, reports, receipts, correspondence, notes, computer print 
outs, tapes, disks, CD-ROM, and other forms of electronically or magnetically 
maintained information.

3. The terms “relating to” and “related to” mean in whole or in part or in any way 
constituting, containing, concerning, embodying, evidencing, reflecting, describing, 
analyzing, identifying, stating, dealing with, referring to or pertaining to.

4. Words used in the singular shall, where the context permits, include the plural, and words 
used in the plural shall, where the context permits, include the singular.

5. “You” and “your” refers to the person served with and responding to this subpoena.

6. The term “IARC Working Group 112” shall refer to the 18 members who comprised the 
working group for the International Agency for Research on Cancer (“LARC”)’s 
monograph volume 112: “Some Organophosphate Insecticides and Herbicides: Diazinon, 
Glyphosate, Malathion, Parathion, and Tetrachlorvinphos” from January 1, 2014 through 
July 29, 2015; the 17 members who met at IARC on March 3 through March 10, 2015 to 
assess the carcinogenicity of glyphosate, and worked on IARC monograph 112, as well 
as invited specialists, observers, representatives of national and international health 
agencies and IARC secretariats. The individuals who comprise IARC Working Group
112 are identified in Attachment 1 to this document request.

7. The term “other organizations and individuals” shall include, but is not limited to, the 
following individuals and non-governmental entities: Greenpeace, the Natural Resources 
Defense Council, Waterkeeper Alliance, Slow Food USA, Earth Eats, AVAAZ, 
Environmental Defense Fund, Occupy Wall Street, Environmental Working Group, 
EcoWatch, Food Democracy Now!, Just Label it!, GMO Free USA, Center 4 Food
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Safety, Alex Jones, Rob Schneider, Norman Buffong, Randall Grahm, and Dr. Joseph 
Mercola.

You may provide the following requests either by mail to:

Hollingsworth LLP 
13501 Street, N.W.
Washington, DC 20005 
Attn: Neil Bromberg

Or you may choose to contact Neil Bromberg at (202) 898-5805 to arrange a place of
inspection/copying/transmittal as convenient to you.

All documents must be provided by no later than September 16,2016 at 9:00AM.

DOCUMENT REQUESTS

1. All documents, including all emails with any attachments, created by, sent by, received 
by, copied to, or maintained by you relating to or referring to the International Agency 
for Research on Cancer (“IARC”) Working Group 112.

2. All communications, including without limitation, emails, correspondence, notes, and 
other documents exchanged between you and any member o f IARC Working Group 112, 
or anyone attending meetings o f IARC Working Group 112, regarding glyphosate.

3. All drafts of Monograph 112 on glyphosate, including drafts o f individual sections o f 
Monograph 112, whether written by you or anyone else.

4. All research, studies, analyses, calculations, re-evaluations o f previously published 
studies, or data you reviewed, drafted, generated, or received in connection with IARC 
Working Group 112.

5. All notes, writings, and recordings (whether by audio or visual means) taken during any 
meeting of, or communications with, IARC Working Group 112 members, whether in 
person, over the telephone, or over the Internet. This request should be read broadly to 
include meetings or communications with individual IARC Working Group 112 
members, or smaller subgroups o f IARC Working Group 112 members.

6. All documents, including all emails with any attachments, created by, sent by, received 
by, copied to, or maintained by you relating to or referring to IARC generally.

7. All documents, including all emails with any attachments, created by, sent by, received 
by, copied to, or maintained by you relating to or referring to glyphosate, glyphosate 
containing-herbicides (including, but not limited to, Roundup-branded herbicides), or 
aminomethylphosphonic acid (“AMPA”).
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8. All documents, including all emails with any attachments, created by, sent by, received 
by, copied to, or maintained by you relating to or referring to Monsanto and/or any other 
manufacturer of glyphosate-based herbicides.

9. All communications, including without limitation, emails, correspondence, notes, and 
other documents exchanged between you and the United States Environmental Protection 
Agency, or any other federal, state or local government agency, relating to or referring to 
glyphosate, glyphosate containing-herbicides (including, but not limited to, Roundup- 
branded herbicides), AMPA, Monsanto, any other manufacturer of glyphosate-based 
herbicides, or IARC.

10. All communications, including without limitation, emails, correspondence, notes, and 
other documents exchanged between you and any agency of a foreign government, or any 
non-governmental agency, including the European Union, relating to or referring to 
glyphosate, glyphosate containing-herbicides (including, but not limited to, Roundup- 
branded herbicides), AMPA, Monsanto, any other manufacturer of glyphosate-based 
herbicides, or IARC.

11. All documents relating to any review, re-analysis, or statistical calculations, you 
performed, reviewed, commented on, or in any way contributed to on previously 
published or unpublished studies, including animal studies, or other data in connection 
with IARC Working Group 112.

12. All documents relating to the trend analysis calculations you or others did that are 
referenced at page 33 of the IARC Working Group 112 monograph on glyphosate.

13. All documents, including all emails with attachments, created by, sent by, received by, 
copied to, or maintained by you regarding the review by you or others of the specific 
microscopic evidence and histologic evaluation of the 1983 mouse study referenced in 
studies at page 33 of the IARC Working Group 112 monograph on glyphosate (appended 
hereto as Attachment 2).

14. All conflict o f interest statements, declaration of interest statements, or other documents, 
emails or forms referencing any potential conflict of interest, that you sent or submitted 
to, or received from, any United States federal, state or local agency, IARC, or any 
agency of a foreign government, including the European Union, regarding any potential 
conflict of interest you might have in working for, advising, consulting with, or 
performing any task for these agencies and governments.

15. All communications with attorneys, law firms, or other individuals anywhere in the world 
who have brought or intend to bring lawsuits against Monsanto, and/or any other 
manufacturer o f glyphosate-based herbicides, including without limitation, emails, 
correspondence, notes, and other documents that were exchanged.

16. All communications, including without limitation, emails, correspondence, notes, and 
other documents relating to or referring to glyphosate, glyphosate-containing herbicides 
(including, but not limited to, Roundup-branded herbicides), AMPA, Monsanto and/or
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any other manufacturer of glyphosate-based herbicides, or IARC, that were exchanged 
between you and the other organizations and individuals identified in Definition No. 7.

17. All communications, including without limitation, emails, correspondence, notes, and 
other documents, exchanged after the publication of IARC Working Group 112 
monograph between you and any member o f IARC Working Group 112, the United 
States Environmental Protection Agency, any other federal, state or local government 
agency, or any agency of a foreign government including the European Union, relating to 
or referring to glyphosate, glyphosate-containing herbicides (including, but not limited to, 
Roundup-branded herbicides), AMP A, Monsanto, any other manufacturer o f glyphosate- 
based herbicides, or IARC.

18. All documents regarding any trips, visits, or contact made (whether in person, over the 
telephone, or internet) with the United States Environmental Protection Agency, any 
other federal, state or local government agency, or any agency of a foreign government 
including the European Union and the World Health Organization, regarding glyphosate, 
glyphosate-containing herbicides (including, but not limited to, Roundup-branded 
herbicides), AMP A, Monsanto, any other manufacturer of glyphosate-based herbicides, 
other pesticides, genetically modified food, or IARC.

19. All communications, including without limitation, emails, correspondence, notes, and 
other documents created by, sent by, received by, copied to, or maintained by you, 
relating to speaking engagements, presentations, hearings, or conferences which you have 
attended, presented on or spoken on, relating to or referring to glyphosate, glyphosate- 
containing herbicides (including, but not limited to Roundup-branded herbicides),
AMP A, Monsanto, any other manufacturer o f glyphosate-based herbicides, or IARC.

20. All documents, studies, letters to the editor, interviews and/or articles you have published 
or submitted for publication or any kind o f peer review on glyphosate, glyphosate- 
containing herbicides (including, but not limited to Roundup-branded herbicides),
AMP A, Monsanto, any other manufacturer of glyphosate-based herbicides, or IARC.

21. All documents, including without limitation, emails, correspondence, communications, 
commentary, notes, and other documents created by, sent by, received by, copied to, or 
maintained by you, relating to (a) Christopher Portier’s Open letter: Review of the 
Carcinogenicity o f Glyphosate by EFSA and BfR to Commissioner Andriukaitis (Nov.
27, 2015) (appended as Attachment 3) and (b) Christopher J. Portier, et al., Differences in 
the carcinogenic evaluation of glyphosate between the International Agency for Research 
on Cancer (IARC) and the European Food Safety Authority (EFSA), J Epidemiol 
Community Health Month (Mar. 2016) (appended as Attachment 4).

22. All documents, including without limitation, emails, correspondence, communications, 
commentary, notes, and other documents created by, sent by, received by, copied to, or 
maintained by you relating to or referring to surfactants used in glyphosate-based 
herbicides, including the group of surfactants known as polyethoxylated tallow amine 
(“POEAs”).
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Updated: May 2017

CU RRICU LU M  VITAE
Matthew K. R o ss, Ph.D.
Mississippi State University 
Department of Basic Sciences 
Center for Environmental Health Sciences 
College of Veterinary Medicine

EDUCATIO N

1998 Ph.D., Molecular Toxicology
University of California at Irvine

1989 B.S., Chem istry
University of California at Berkeley

R E S E A R C H  AND P R O FE S S IO N A L E X P E R IE N C E
08/10-Present

01/04-07/10

10/99-12/03

2/98-9/99

9/92-2/98

7/89-8/92

1987-1989

A ssociate Professor, Mississippi State University 
(Awarded tenure, July 2010)
Department of Basic Sciences
Center for Environmental Health Sciences
College of Veterinary Medicine
A ssistant Professor, Mississippi State University 
Department of Basic Sciences 
Center for Environmental Health Sciences 
College of Veterinary Medicine
Postdoctoral Fellow
Curriculum in Toxicology
University of North Carolina, Chapel Hill
Postdoctoral Fellow
Dept, of Community & Environmental Medicine 
School of Medicine 
University of California, Irvine
Research Assistant
Dept, of Community & Environmental Medicine 
Environmental Toxicology Graduate Program 
School of Medicine 
University of California, Irvine
Research Chemist/Group Leader
Plant/Soil Metabolism Group 
PTRL-West, Richmond, CA
Chem istry Stockroom /Teaching A ssistant
College of Chemistry 
University of California, Berkeley

1
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AW ARDS/HONORS R E C E IV E D
2015 Visiting Foreign Scientist, Jiangsu Academy of Agricultural Sciences (JAAS),

June 1-30 2015, Nanjing, China
2015 Invited Working Group Member, International Agency for Research on Cancer

(IARC), March 2016, Lyon, France
2012 Honorary Professor, Jiangsu Academy of Agricultural Sciences (JAAS)

Nanjing, China
2011 Mississippi Veterinary Medical Association (MVMA) Faculty Award, MSU
2010 Richard C. Adkerson Faculty Award, MSU
2008 Pegasus Dean’s Research Award, College of Veterinary Medicine, MSU
2008 Pfizer Animal Health Research Award, College of Veterinary Medicine, MSU
2008 College of Veterinary Medicine Faculty Research Award, Office of Research and

Economic Development, MSU
2001-2003 National Research Service Award (NRSA) from NIH 

(Postdoctoral fellowship, F32 ES11111)
1997-1998 UC Irvine Dissertation Fellowship, University of California at Irvine 
1997 UC Irvine Cancer Center Travel Award, University of California at Irvine
1994 Society of Toxicology Travel Award, University of California at Irvine
1986 Saddleback College Chemistry Scholarship to obtain Chemistry B.S. at U.C.

Berkeley ($15,000)

P R O FE S S IO N A L S O C IE T IE S
American Chemical Society (ACS)
International Society for the Study of Xenobiotics (ISSX)
Society of Toxicology (SOT)

R ESEA R CH  (FTE 70%)

PEER-REVIEW ED PUBLICATIONS

Publications since joining MSU in 2004:

Jung Hwa Lee, Evangel Kummari, Abdolsamad Borazjani, Mariola J. Edelmann, and Matthew 
K. Ross (2017) Characterization of Serine Hydrolases and Altered Endocannabinoid Metabo
lism in Chicken Macrophages (HD11) Following Infection with Salmonella enterica serovar 
Typhimurium. In preparation.

Lee C. Mangum, Abdolsamad Borazjani, Jung Hwa Lee, Xiang Hou, Matthew K. Ross*, and J. 
Allen Crow* (2017) Silencing Carboxylesterase 1 in THP-1 Macrophages Affects the Transcrip
tion of Cholesterol Metabolism Genes. Under revision at BBA Molecular and Cell Biology of Li
pids. *Both authors contributed equally.

Kristen M. Fizzano, Andrew K. Claude, Lan-Hsin Kuo, Jeffrey B. Eells, Simone B. Hinz, Brittany 
E. Thames, Matthew K. Ross, Robert L. Linford, Robert W. Wills, Alicia K. Olivier, Todd M. 
Archer (2017) Evaluation of a modified maxillary nerve block for canine rhinoscopy with nasal 
biopsy. American Journal of Veterinary Research. Pending revisions.
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64. Muro S., Lee J.H ., Stokes J., R o s s  M.K., Archer T.M., Wills R.W., Mackin A .J., and Thom
ason J.M. (2017) Effects of Leukoreduction and Storage on Erythrocyte Phosphatidylserine Ex
pression and Eicosanoid Levels in Units of Canine Packed Red Blood Cells. J. Vet. Intern. Med. 
31, 410-418.

63. Matthews A.T.*, Lee J.H.*, Borazjani A., Mangum L.C., Hou X., Ross M.K. (2016) Oxyradi- 
cal Stress Increases the Biosynthesis of 2-Arachidonoylglycerol: involvement of NADPH Oxi
dase. Am. J. Physiol. Cell Physiol. 311, C960-C974. *These authors contributed equally to this 
work.

62. Cham bers, J .E ., Chambers, H.W., Funck, K.W., Meek, E .C ., Pringle, R.B., and Ross, M.K.
(2016) Efficacy of Novel Phenoxyalkyl Pyridinium Oximes as Brain-Penetrating Reactivators of 
Cholinesterase Inhibited by Surrogates of Sarin and VX. Chemico-Biol. Interact. 259 (Pt B), 
154-159.

61. Portier, C .J . et al. (Ross, M.K. was one of 93 co-authors) (2016) Differences on the carcino
genicity of glyphosate between the International Agency for Research on Cancer (IA R C ) and 
the European Food Safety Agency (E FS A ). J. Epidemiol. Community Health. 70, 741-745.

60. Mangum, L.C., Mangum, L.H., Chambers, J .E ., Ross, M.K., Meek, E.C., Wills, R.W., and 
Crow, J.A. (2016) Serum levels of the organochlorine trans-nonachlor, but not urinary isopros- 
tanes, improves the ability of a multivariable regression model to predict atherosclerosis out
comes. J. Toxicol. Environ. Health, Part A. 8, 1-11.

59. Mangum, L.H., Crow, J.A., Stokes, J.V., Howell III, G .E., Ross, M.K., Pruett, S.B ., Cham 
bers, J .E . (2016) Exposure to p,p’-D D E alters macrophage reactivity and increases macro
phage numbers in adipose stromal vascular fraction. Toxicol. Sci. 150, 169-177.

58. Carr, R .L., Armstrong, N.H., Buchanan, A.T., Eells, J.B ., Mohammed, A.N., Ross, M.K.,
Nail, C.A. (2015) Altered Emotional Reactivity in Rats Following Exposure to Low Levels of 
Chlorpyrifos During Development. Neurotoxicology. In press.

57. Matthews, A.T. and Ross, M.K. (2015) Oxyradical stress, endocannabinoids, and athero
sclerosis. Toxics. 3, 481-498.

56. Ross, M.K., Pluta, K., Bittles, V., Borazjani, A., Crow, J.A . (2016) Interactions of the Serine  
Hydrolase KIAA1363 with Organophosphorus Agents: Evaluation of Potency and Kinetics.
Arch. Biochem. Biophys. 590,72-81.

55. Szafran, B., Borazjani A., Lee, J.H ., Ross, M.K., Kaplan, B .L.F. (2015) Lipopolysaccharide 
Suppresses Carboxylesterase 2g Activity and 2-Arachidonylglycerol Hydrolysis: A  Possible  
Mechanism to Regulate Inflammation. Prostaglandins and Other Lipid Mediators. 121, 199-206.

54. Blake, R.R., Lee, J.H ., Ross, M.K., Archer, T.M., Wills, R.W., Mackin, A .J., Thomason, J.M.
(2017) Evaluation of eicosanoid concentrations in stored units of canine packed red blood cells. 
J. Am. Vet. Med. Assoc. 250, 191-198.

53. Ross, M.K. and W ang, R. (2015) Expanding the toolkit for the serine hydrolases. Chemistry 
& Biology 22, 808-809.
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52. Guyton, K.Z., Loomis, D., Grosse, Y., Guha, N., Benbrahim-Tallaa, L., El G hissassi, F., 
Scoccianti, C ., Mattock, H., Straif, K., on behalf of the International Agency for Research on 
Cancer (IA RC) Monograph Working Group (2015) Carcinogenicity of Tetrachlorvinphos, Para- 
thion, Malathion, Diazinon and Glyphosate. The Lancet Oncology 16, 490-491. Role: Member of 
IA R C  Monograph Working Group.

51. Mangum, L.C., Borazjani, A., Stokes, J.V., Matthews, A.T., Lee, J.H., Chambers, J .E .,
R o ss , M.K. (2015) Organochlorine Insecticides Induce NADPH Oxidase-Dependent Reactive 
Oxygen Species in Human Monocytic Cells via Phospholipase A2/Arachidonic Acid. Chem.
Res. Toxicol. 28, 570-584.

50. Chiavaccini, L., Claude, A.K., Lee, J.H., R o ss , M.K., Meyer, R .E., Langston, V .C. (2015) 
Pharmacokinetics and pharmacodynamics comparison between subcutaneous and intravenous 
butorphanol administration in horses. Journal of Veterinary Pharmacology and Experimental 
Therapeutics 38, 365-374.

49. R o ss , M.K., Borazjani, A., Mangum, L.C., Wang, R., Crow, J.A. (2014) Effects of Toxico- 
logically Relevant Xenobiotics and the Lipid-Derived Electrophile 4-Hydroxynonenal on Macro
phage Cholesterol Efflux: Silencing Carboxylesterase 1 Has Paradoxical Effects on Cholesterol 
Uptake and Efflux. Chem. Res. Toxicol. 27, 1743-1756.

48. R o ss , M.K., Matthews, A.T., Mangum, L.C . (2014) Chemical Atherogenesis: Role of En 
dogenous and Exogenous Poisons in Disease Development. Toxics 2, 17-34.

47. Claude, A.K., Miller W.W., Beyer, A.M., Willeford, K.O., R o s s , M.K. (2014) Quantification 
and comparison of baseline cortisol levels between aqueous and plasma from healthy anesthe
tized hound dogs utilizing m ass spectrometry. Veterinary Ophthalmology 17, 57-62.

46. Haraschak J.L., Langston V .C., W ang R., R iggs C., Fellman C., R o s s  M.K., Bulla C., Luns
ford K., Mackin A., Archer T. (2014) Pharmacokinetic Evaluation of Oral Dantrolene in the Dog.
Journal of Veterinary Pharmacology and Experimental Therapeutics 37, 286-294.

45. Carr, R.L., Graves, C.A., Mangum, L.C., Nail, C.A., and R o ss , M.K. (2014) Low Level 
Chlorpyrifos Exposure Increases Anandamide Accumulation in Juvenile Rat Brain in the Ab
sence of Cholinesterase Inhibition. Neurotoxicology 43, 82-89.

44. Wang, R., Borazjani, A., Matthews, A.T., Mangum, L.C., Edelmann, M.E., R o s s , M.K.
(2013) Identification of palmitoyl protein thioesterase 1 in human THP-1 mono- 
cytes/macrophages and characterization of unique biochemical activities for this enzyme. Bio
chemistry 52, 7559-7574.

43. Ammari, M.G., Pharr, G .T., R o s s , M.K., Pinchuk, G.V., Pinchuk L.M. (2013) Mitochondrial 
dysfunction associated with viral cytopathogenicity. Current Topics in Virology 11, 19-30.

42. Lin, Z., Fisher, J.W ., W ang, R., R o ss , M.K., Filipov, N.M. (2013) Estimation of placental and 
lactational transfer and tissue distribution of atrazine and its main metabolites in the rat dam, 
fetus, and neonate with physiologically based pharmacokinetic modeling.
Toxicol. Appl. Pharmacol. 273, 140-158.
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41. Carr, R.L., Adam s A.L., Kepler D.R., Ward A.B., and R o s s , M.K. (2013) Induction of Endo- 
cannabinoid Levels in Juvenile Rat Brain Following Developmental Chlorpyrifos Exposure. Toxi
col. Sci. 135, 193-201.

40. Alavanja, M .C.R., R o s s , M.K., Bonner, M.R. (2013) Reply to: Increased cancer burden 
among pesticide applicators and others due to pesticide exposure. CA: A Cancer Journal for 
Clinicians. 63, 366-367.

39. Alavanja, M .C.R., R o s s , M.K., Bonner, M.R. (2013) Increased cancer burden among pesti
cide applicators and others due to pesticide exposure. CA: A Cancer Journal for Clinicians. 63, 
120-142.
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38. Figueiredo, A .S., Garcia-Crescioni, H.J., Bulla, S .C ., R o s s , M.K., McIntosh, C., Lunsford,
K., Bulla, C. (2013) Cannabinoid suppression of vascular endothelial growth factor expression 
in a canine osteosarcoma cell line. Veterinary Medicine: Research and Reports 4, 1-4.

37. Crow, J.A., Bittles, V., Borazjani, A., Potter, P.M., and R o s s , M.K. (2012) Covalent Inhibition 
of Recombinant Human Carboxylesterase 1 and 2 and Monoacylglycerol Lipase by the Carba
mates J Z L 1 84 and U RB597. Biochem. Pharmacol. 84, 1215-1222.

36. R o s s , M.K., Borazjani, A., Wang, R., Crow, J.A., Xie, S. (2012) Examination of the carboxy
lesterase phenotype in human liver. Arch. Biochem. Biophys. 522, 44-56.

35. R o s s , M.K. and Edelmann, M.J. (2012) Carboxylesterases: A  Multifunctional Enzym e In
volved in Pesticide and Lipid Metabolism. American Chemical Society (ACS) Symposium Se
ries. In: Parameters for Pesticide Q S A R  and PBPK/PD  Models, Chapter 10, 149-164.

34. Meek E .C ., Cham bers H.W., Coban A., Fu n ckK .E ., Pringle R.B., R o s s  M .K., Cham bers J .E . 
(2012) Synthesis and In Vitro and In Vivo Inhibition Potencies of Highly Relevant Nerve Agent 
Surrogates. Toxicol. Sci. 126, 525-533.

33. Crow J A ,  Bittles V., Herring K.L., Borazjani A., Potter P.M., and R o s s  M.K. (2012) Inhibi
tion of Recombinant Human Carboxylesterase 1 and 2 and Monoacylglycerol Lipase by 
Chlorpyrifos Oxon, Paraoxon and Methyl Paraoxon. Toxicol. Appl. Pharmacol. 258, 145-150.

32. Lenarduzzi T., Langston C ., and R o s s , M.K. (2011) Pharmacokinetics of Clindamycin-HCI 
Administered Orally to Pigeons. J. Avian Med. Surg. 25, 259-265.

31. Borazjani A., Edelmann M.J., Hardin K.L., Herring K.L., Crow J.A ., and R o s s  M.K. (2011) 
Catabolism of 4-Hydroxy-2-fraf?s-Nonenal by THP1 Monocytes/Macrophages and Inactivation 
of Carboxylesterases by this Lipid Electrophile. Chemico-Biol. Interact. 194, 1-12.

30. Carr R .L., Borazjani A., and R o s s  M.K. (2011) Effect of Developmental Chlorpyrifos Expo
sure on Endocannabinoid Metabolizing Enzym es in the Brain of Juvenile Rats. Toxicol. Sci.
122, 112- 120.

29. Lin Z., Fisher J.W ., R o s s  M.K., Filipov N.M. (2011) A  Physiologically Based Pharmacokinet
ic Model for Atrazine and its Main Metabolites in the Adult Male C57BL/6 Mouse. Toxicol. Appl. 
Pharmacol. 251, 16-31.
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28. Xie S., Borazjani A., Hatfield M.J., Edwards C .C ., Potter P.M., and R o s s  M.K. (2010) Inacti
vation of lipid glyceryl ester metabolism in human THP1 monocytes/macrophages by activated 
organophosphorus insecticides: Role of carboxylesterase 1 and 2. Chem. Res. Toxicol. 23, 
1890-1904.

27. R o s s  M.K., Streit T.M., Herring K.L., Xie S. (2010) Carboxylesterases: Dual roles in lipid 
and pesticide metabolism. J. Pest. Sci. 35, 257-264.

26. Crow J.A., Herring K.L., Xie S., Borazjani A., Potter P.M., and R o s s  M.K. (2010) Inhibition 
of carboxylesterase activity of THP1 monocytes/macrophages and recombinant human car
boxylesterase 1 by oxysterols and fatty acids. Biochim. Biophys. Acta (Molecular and Cell Biol
ogy of Lipids) 1801, 31 -41.

25. Coyne C., R o s s  M.K., Bailey J. (2009) Dual potency of anti-HER2/neu and a n ti-EG FR  an- 
thracycline-immunoconjugates in chemotherapeutic-resistant mammary carcinoma combined 
with cyclosporine A  and verapamil P-glycoprotein inhibition. J. Drug Target. 17, 474-489.

24. R o s s  M.K., Jones T., Filipov N.M. (2009) Disposition of the herbicide 2-chloro-4- 
(ethylamino)-6-(isopropylamino)-s-triazine (atrazine) and its major metabolites in mice: a liquid 
chromatography/mass spectrometry analysis of urine, plasma, and tissue levels. Drug 
Metab.Dispos. 37, 776-786.

23. Crow J.A., Middleton B.L., Borazjani A., Hatfield M.J., Potter P.M., and R o s s  M.K. (2008) 
Inhibition of carboxylesterase 1 is associated with cholesteryl ester retention in human THP-1  
monocyte/macrophages. Biochim. Biophys. Acta (Molecular and Cell Biology of Lipids) 1781, 
643-654.

22. Das P.C., Streit T.M., Cao  Y., Rose R.L., Cherrington N., R o s s  M.K., W allace A.D., Hodg
son E. (2008) Pyrethroids: cytotoxicity and induction of C Y P  isoforms in human hepatocytes. 
Drug Metab. Drug Interact. 23, 211-236.

21. Streit T.M., Borazjani A., Lentz S., Wierdl M., Potter P.M., Gwaltney S .R ., and R o s s  M.K. 
(2008) Evaluation of the 'side-door' in carboxylesterase-mediated catalysis and inhibition. Biol. 
Chem. 389, 149-162.

20. R o s s  M.K. and Crow J.A. (2007) Role of carboxylesterases in xenobiotic and endobiotic 
metabolism. J. Biochem. Mol. Toxicol. 2 1 ,187-196.

19. Godin S .J ., Crow, J.A., Scollon E.J., Hughes M.F., DeVitoM.J., and R o s s  M.K. (2007) Iden
tification of rat and human cytochrome P450 isoforms and a rat serum esterase that metabolize 
the pyrethroid insecticides deltamethrin and esfenvalerate. Drug Metab. Dispos. 3 5 ,1664- 
1671.

18. Crow J.A., Borazjani A., Potter P.M., and R o s s  M.K. (2007) Hydrolysis of pyrethroids by 
human and rat tissues: Examination of intestinal, liver and serum carboxylesterases. Toxicol. 
Appl. Pharmacol. 221, 1-12.
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17. R o s s  M.K. and Borazjani A. (2007) Unit 14.24: Enzym atic activity of human carboxylester- 
ases. Curr. Protocol. Toxicol. 4.24.1-4.24.14.

16. Sistrunk S., R o s s  M.K., Filipov N.M. (2007) Direct effects of m anganese compounds on 
dopamine and its metabolite D O PA C: An in vitro study. Environ. Toxicol. Pharmacol. 23, 
286-296.

15. Godin S .J ., Sco llo n E.J., Hughes M.F., Potter P.M., DeVito M.J., and R o s s  M.K. (2006) Sp e 
cies differences in the in vitro metabolism of deltamethrin and esfenvalerate: Differential oxida
tive and hydrolytic metabolism by humans and rats. Drug Metab. Dispos. 34,1764-1771.

14. R o s s  M.K. and Filipov N.M. (2006) Determination of atrazine and its metabolites in mouse 
urine and plasma by LC -M S analysis. Anal. Biochem. 351,161-173.

13. R o ssM .K ., Borazjani A., Edwards C .C ., Potter P.M. (2006) Hydrolytic metabolism of pyre- 
throids by human and other mammalian carboxylesterases. Biochem. Pharmacol. 71, 657- 
■ 669.

12. Granville C.*, R o s s  M.K.*, Tornero-Velez R., Hanley N., Grindstaff R., Gold A., Richard A., 
Funasaka K., Evans M.V., DeMarini D.M. (2005) Genotoxicity and metabolism of the source 
water contaminant 1,1-dichloropropene: Activation by GSTT1-1. Mutat. Res. 572, 98-112.
* Both authors contributed equally to this work. (This manuscript was written in part while set
ting up my laboratory at MSU; the experimental work was completed while I was a postdoc)

Publications from postdoctoral and graduate work:

11. R o s s  M.K. and Pegram  R.A. (2004) In vitro biotransformation and genotoxicity of the drink
ing water disinfection byproduct bromodichloromethane: DNA binding mediated by glutathione 
transferase theta 1-1. Toxicol. Appl. Pharmacol. 195,166-181.

10. Geter D.R., Chang L.W., Hanley N.M., R o s s  M.K., Pegram  R.A., DeAngelo A.B. (2004) 
Analysis of in vivo and in vitro DNA strand breaks from trihalomethane exposure. J. Carcino
genesis 3, 2.

9. Tornero-Velez R., R o s s  M.K., Granville C., Laskey J., Jon es J.P ., DeMarini D.M., Evans  
M.V. (2004) Metabolism and mutagenicity of source water contaminants 1,3-dichloropropane 
and 2,2-dichloropropane. Drug Metab. Dispos. 3 2 ,123-131.

8 . R o s s  M.K. and Pegram  R.A. (2003) Glutathione transferase theta 1 -1 -dependent metabo
lism of the water disinfection byproduct bromodichloromethane. Chem. Res. Toxicol. 16, 216- 
226.

7. R o s s  M.K. and Pegram R.A. (2003) [35S]-Labeling of the Salmonella typhimurium glutathione 
pool to a sse ss  glutathione-mediated DNA binding by 1,2-dibromoethane. Chem-Biol. Interact. 
146, 39-49.

6 . Landi S., Naccarati A., R o s s  M.K., Hanley N.M., Daley L., Devlin R., V asquez M., Pegram  
R.A., DeMarini D.M. (2003) Induction of DNA strand breaks by trihalomethanes in primary 
human lung epithelial cells. Mutat. Res. 538, 41-50.
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5. Ross M.K., Said B., Shank R .C . (2000) DNA-damaging effects of genotoxins in mixture: 
Modulation of covalent binding to DNA. Toxicol. Sei. 53, 224-236.

4. Said B., Ross M.K., Hamade A.K., Matsumoto D.C., Shank R .C . (1999) DNA-damaging ef
fects of genotoxins in mixture: Nonadditive effects of aflatoxin Bi and /V-acetylaminofluorene on 
their mutagenicity in Salmonella typhimurium. Toxicol. Sei. 52, 226-231.

3. Ross M.K., Mathison B.M., Said B., Shank R .C . (1999) 5-Methylcytosine in C p G  sites and 
the reactivity of nearest neighboring guanines towards the carcinogen aflatoxin B 1-8,9-epoxide. 
Biochem. Biophys. Res. Comm. 254, 114-119.

2. Ross M.K. (1998) DNA-damaging effects of genotoxins in mixture: Modulation of covalent 
binding to DNA. Ph.D. Dissertation. University of California at Irvine.

1. Said B., Ross M.K., Salib T., Shank R .C. (1995) Modulation of DNA adduct formation by 
successive exposures of DNA to small and bulky chemical carcinogens. Carcinogenesis 16, 
3057-3062.

BOOK CHAPTERS/MONOGRAPHS

IA R C  (2016) IA R C  Monographs Programme: Pentachlorophenol and Som e Related Com 
pounds. Vol. 117. (http://monographs.iarc.fr/ENG/Monographs/vol117/index.php)-w o rkin g  
group member

IA R C  (2015) IA R C  Monographs Programme: Som e Organophosphate Insecticides and Herbi
cides: Diazinon, Glyphosate, Malathion, Parathion, and Tetrachlorvinphos. Vol. 112. 
(http://monographs.iarc.fr/ENG/Monographs/vol112/index.php) -  working group member

R o s s  M.K. (2011) The Pyrethroid Insecticides. In: Encyclopedia of Environmental Health, vol
ume 4, pp. 702-708, Elsevier Ltd., Oxford, UK, Ed. Jerom e Nriagu. (Invited book chapter).

Cham bers J.E ., Meek E.C., R o s s  M.K. (2010) The Metabolic Activation and Detoxication of An
ticholinesterase Insecticides. In: Anticholinesterase Pesticides: Metabolism, Neurotoxicity, and 
Epidemiology, chapter 6 , pp. 77-84, Wiley, New York, Ed. Ram esh Gupta and Tetsuo Satoh. 
(Invited book chapter).

C U R R EN T R E S E A R C H  SU P P O R T

Mississippi Food Safety Initiative Ross (PI) 05/01/14-06/30/17 ($40,000)
Sponsor: USDA
Title: Targeting the Endocannabinoid System  to Enhance Immunity

Goals: The goal of this project will be the identification of serine hydrolases in macrophages 
that can be targeted (i.e. inhibited) by small molecules for the purpose of enhancing endocan
nabinoid levels during microbial infection, and whether the microbicidal activity of the macro
phages is concomitantly enhanced.

Role: Principal Investigator

8
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Responsibilities: Overall management of project, design and perform experiments, write an
nual reports, and manuscript writing.

1R15ES015348-02 Ross (PI) 02/08/12-01/31/17 ($425,457)
Sponsor: NIH
Title: Lipid Glyceryl Ester Homeostasis in Macrophages and Perturbation by Environmental 
Toxicants

Goals: This project examines the mechanisms by which endogenous toxins (oxidized low 
density lipoproteins) and exogenous toxicants (pesticides) can together dysregulate the endo- 
cannabinoid system in m acrophages, thus enhancing foam cell development.

Role: Principal Investigator

Responsibilities: Overall management of project, design and perform experiments, write an
nual reports, and manuscript writing.

1R15GM116129-01 Crow (PI) 07/01/15-06/30/18 ($425,457)
Sponsor: NIH
Title: Discovery of endogenous pro-ligands regulated by C E S 1

Goals: This project will characterize the endogenous substrates for C E S 1  that are pro-ligands 
for the lipid sensor/nuclear receptor P P A R  gamma.

Role: Co-Investigator (M.K. Ross)

Responsibilities: Management of aim 2 and part of aim 3, design and perform experiments, 
help to write annual reports, and perform manuscript writing.

1R15ES023162-01A1 Carr (PI) 12/01/14-11/30/17 ($426,959)
Sponsor: NIH
Title: Disruption of the Endocannbinoid System  as a Target in Developmental O P  Toxicity

Goals: This project examines the endocannabinoid system  as a target of developmental O P  
toxicity.

Role: Co-Investigator (M.K. Ross)

Responsibilities: LC-M S/M S metabolipidomic analysis of 2-arachidonoylglycerol, anan- 
damide and other bioactive lipids.

D15CA-805 Thomason (PI) 08/01/14-07/31/15 ($10,697)
Sponsor: Morris Animal Foundation
Title: Effects of Leukoreduction on Eicosanoid Biosynthesis in Stored Canine Packed Red  
Blood Cells.

Goals: This project examines whether storage of canine packed red cells leads to the in
creased production of bioactive eicosanoids.

Role: Co-Investigator (M.K. Ross)

Responsibilities: Oversee the analysis of eicosanoids by LC-M S/M S.

9
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F31 HL122082-02 Matthews (PI) 08/15/14-08/14/16
Sponsor: NIH
Title: Role of endocannabinoids in atherosclerosis.

Goals: This is a pre-doctoral fellowship to study whether endocannabinoid biosynthesis is en
hanced following ligation of the macrophage scavenger receptor CD 36 by oxidized low-density 
lipoprotein as part of a compensatory mechanism to counteract inflammation and oxidative 
stress. Specifically, this project will determine whether diacylglycerol lipase |S (DAG Lp), the rate- 
limiting biosynthetic enzyme of 2-AG, is activated via transduction of Nox-derived reactive oxy
gen species.

Role: Co-mentors (M.K. Ross; Stephen Pruett)

Responsibilities: Oversee the training and mentorship of PhD student Anberitha Matthews

Grant: EPA Star Grant (G2009-STAR-B1) J.E. Chambers (PI) 6/1/10-5/31/16 ($500,000) 
Sponsor: EPA
Title: New Environmental Public Health Indicator Linking Organochlorine Compounds and Type  
2 Diabetes

Role: Co-Investigator (M.K. Ross)

Goals: The goal of this project is to characterize novel biomarkers for the development of type 
2 diabetes in humans. My role is to quantify urinary isoprostanes, a biomarker of oxidative 
stress, by LC-M S/M S.

C O M P LETED  R E S E A R C H  SU P P O R T
Grant: NIH 1 R 1 5 E S0 1 5348-01A1 M.K. Ross (PI) 8/1/07-7/31/11 ($214,500)
Title: Effect of Organophosphate Exposure on Cholesteryl Ester Hydrolase 
Role: Principal Investigator
Description: These studies will determine if bioactive metabolites (oxons) of three environmen
tally relevant organophosphate insecticides can interfere with cholesterol metabolism in cultured 
human macrophage foam cells.

Grant: NIH R15 E S 0 1 5348-01A1S1 (Competitive supplement) M.K. Ross (PI) 9/25/09- 
7/31/10 ($67,200)
Title: Effect of Organophosphate Exposure on Cholesteryl Ester Hydrolase 
Role: Principal Investigator
Description: It will be determined if the endocannabinoid tone of vessel wall m acrophages can 
be significantly perturbed by chronic exposure to bioactive O P metabolites, thus resulting in an 
activated endocannabinoid system that modulates cholesterol metabolism in m acrophages.

Grant: NIH 1 R 1 5 E S0 1 5348-01A 1 S2  (Admin, supplement) M.K. Ross (PI) 9/3/09-7/31/11 
($71,500)
Title: Effect of Organophosphate Exposure on Cholesteryl Ester Hydrolase 
Role: Principal Investigator
Description: This administrative supplement will extend the aims of our parent grant to study 
the effects of organophosphate (OP) pesticides on other genes and proteins besides C E S 1  that 
participate in cholesterol metabolism. The effects of O P  pesticides on the abundance and ac
tivities of these proteins in cholesterol-loaded human THP1 macrophages using R T -P C R , west-
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ern blotting, and functional assays (e.g., cholesterol efflux and cholesterol m ass determination) 
will be examined.

Grant: NIH R 2 1 E S 0 1 5107-01 J .E . Cham bers (PI) 9/22/06-8/31/11
($628,986)
Title: Relationship of Blood Esterases, Pesticide Exposure and Cardiovascular D isease  
Role: Co-Principal Investigator (M.K. Ross)
Description: The goal of this project is to solidify an interdisciplinary team of basic and clinical 
researchers in the Center for Environmental Health Sciences at Mississippi State University for 
research into the environmental factors contributing to the higher mortality of cardiovascular 
disease in the Deep South and among African-Americans, and to position this team for partici
pation in larger-scale on-going multi-institutional epidemiological studies.

Grant: R21ES015107 (Admin, supplement) J .E . Cham bers (PI) 6/1/09-5/31/11 ($247,640) 
Title: Relationship of Blood Esterases, Pesticide Exposure and Cardiovascular Disease  
Role: Co-Principal Investigator (M.K. Ross)
Description: The current grant investigates several risk factors for C V D  in African American 
and Caucasian  southerners. This supplement will allow 2 additional risk factors (the presence  
of type 2 diabetes and of legacy organochlorine pesticides) to be investigated in the cohort’s 
blood samples.

Grant: B asic Sciences/CVM /MSU Internal Grant (competitive) M.K. R o ss (PI) 
7/1/09-6/30/10 ($13,000)
Title: Knockdown of Carboxylesterases (C E s ) by Chem ical Inhibitors: Uncovering Endogenous 
Substrates for C E s
Role: Principal Investigator (M.K. Ross)
Description: The goal of this study is to use small-molecule inhibitors of carboxylesterases 
(C E s ) to study their physiologic function in mice and to identify endogenous substrates of this 
hydrolytic enzyme.

Grant: N IH /N CRR P20RR017661 (C O B R E  grant, Project 5) J .E . Cham bers (PI) 
1/1/04-6/30/08 ($351,125)
Grant Title: Pesticide Toxicity to the Nervous and Endocrine System s 
Role: Principal Investigator of Project 5, “Biotransformation and Pharmacokinetics of Pyre- 
throid Insecticides”. (M.K. Ross) This project investigated the kinetics of pyrethroid detoxica
tion by human carboxylesterase and cytochrome P450 enzymes.
Description: This is a Center of Biomedical Research Excellence grant to promote junior faculty 
competitiveness and to create a competitive research center. Project 5 was one of five projects 
led by junior investigators.

Grant: N IH /N CRR P20RR017661 (C O B R E  grant, Pilot Project) J .E . Cham bers (PI) 
10/1/05-6/30/07 ($16,965)
Pilot Project Title: Kinetic Analyses of Site-Specific Mutants of Carboxylesterases 
Role: Principal Investigator of Pilot Project.
Description: This pilot study investigated the function of specific amino acid residues located in 
the side-door domain of a model carboxylesterase protein (pnb C E ).

Grant: N IH /N CRR P20RR017661 (C O B R E  grant, Pilot Project) J .E . Cham bers (PI) 
10/1/05-6/30/07 ($20,000)
Pilot Project Title: Effects of Prior or Concurrent Dieldrin Exposure on the Tissue Distribution
and Pharmacokinetics of Atrazine in Mice: A  Preliminary Study
Role: Co-Principal Investigator of Pilot Project; Nick Filipov, Principal Investigator

11



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 145 of 398
Updated: May 2017

Description: This pilot study investigated the pharmacokinetics of the herbicide atrazine in mice. 
Tissue, blood, and urine levels of atrazine and its major metabolites were determined by LC -M S  
analysis.

Grant: U S D A / C S R E E S  M.K. R o ss (PI) 6/1/06-5/31/09 ($5,000/year)
Title: Biotransformation and Pharmacokinetics of Pyrethroid Insecticides 
Role: Principal Investigator
Description: This project investigated the metabolism of pyrethroids and the regulation of the 
detoxication enzym es in liver cells.

Grant: M SU-Research Initiation Proposal (competitive) M.K. R o ss (PI)
1/1/05-12/31/05 ($10,000)
Title: Induction of Detoxification Enzym es in Liver Cells Resulting from Toxicant Exposure  
Role: Principal Investigator
Description: This project investigated whether pyrethroids could induce cytochrome P450 and 
carboxylesterase enzym es in human liver cells.

PRESENTATIONS (INVITED TA LKS A S  FA C U LTY  MEMBER)

Targeting the Endocannabinoid System  to Enhance Immunity. Matt K. Ross. Invited talk, Food 
Safety Conference, Mississippi State University. May 12, 2015.

U SIN G  A C T IV IT Y -B A S E D  P R O T E IN  P R O B E S  T O  IN V E S T IG A T E  S E R IN E  H Y D R O L A S E S  IN 
C E L L S .  Matt K. Ross. Presented small workshop at the Laboratory of Food Safety at Jiangsu  
Academ y of Agricultural Scien ces (JA A S), Nanjing, China. November, 2013.

C A R B O X Y L E S T E R A S E S : A  M U LTIFU N C TIO N A L EN ZYM E IN V O LV ED  IN LIP ID  AN D P E S T I
C ID E  M ETABO LISM . Matt K. Ross. Invited talk at the South East Lipid Research Conference  
(S E L R C ) , Callaway Gardens, Pine Mountain, GA, September 27-29, 2012.

C A R B O X Y L E S T E R A S E S : A  M U LTIFU N C TIO N A L EN ZYM E IN V O LV ED  IN P E S T IC ID E  AN D  
LIP ID  M ETABO LISM . Matt K. Ross. Invited talk at the Institute of Food Safety at Jiangsu  
Academ y of Agricultural Scien ces (JA A S), Nanjing, China. July, 2012.

C A R B O X Y L E S T E R A S E S : A  M U LTIFU N C TIO N A L EN ZYM E IN V O LV ED  IN P E S T IC ID E  AND  
LIP ID  M ETABO LISM . Matt K. Ross. Invited talk at Idaho State University, College of Pharmacy. 
May, 2012.

C A R B O X Y L E S T E R A S E S : DUAL R O L E S  IN LIP ID  AND P E S T IC ID E  M ETABO LISM . Matt K. 
Ross. Invited talk at the American Chemical Society (A C S) National Meeting, Denver, August, 
2011.

HUMAN C A R B O X Y L E S T E R A S E S  AND T H E IR  R O L E  IN X E N O B IO T IC  AND EN D O B IO T IC  
M ETABO LISM . Matt K. Ross. Invited talk at the Randy Rose Memorial Symposium, Dept, of 
Environmental and Molecular Toxicology, North Carolina State University, March, 2007.

HUMAN C A R B O X Y L E S T E R A S E S  AND B IO TR A N SFO R M A TIO N  O F  P Y R E T H R O ID S . Matt 
K. Ross. Invited talk at the American Chem ical Society (A C S) National Meeting, Washington 
D.C., August, 2005.

12



Updated: Ma\ 2017

Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 146 of 398

HUMAN C A R B O X Y L E S T E R A S E S  AN D T H E IR  R O L E  IN P Y R E T H R O ID  M ETABO LISM . Matt
K. R o s s . Invited talk at the Mississippi State University C O B R E  Symposium, September 2005.

B IO TR A N SFO R M A TIO N  O F P E S T IC ID E S  B Y R O D E N T  AN D HUMAN EN ZYM ES. Matt K. 
R o s s . Invited seminar at the Mississippi State University Department of Biochemistry, Fall Se m 
inar Series. November 17, 2004.

M EETING A B S T R A C T S  (P O S T E R  O R  O R A L P R E S E N T A T IO N S )

Abstracts from work since joining MSU in 2004:

M.K. R o ss . L.C . Mangum, J.H . Lee, X. Hou, A. Borazjani, and J.A. Crow. Chemical Biology and 
Toxicology of Human Carboxylesterase 1 in Macrophages. Presented at the American Chemi
cal Society meeting, Philadelphia, PA. August 21-25, 2016.

J.H . Lee, A. Borazjani, E. Kummari, M.J. Edelmann, and M.K. R o ss . Targeting the Endocanna- 
binoid System to Enhance Innate Immunity Using Chemoproteomics. Presented at the Ameri
can Society for Mass Spectrometry meeting, San Antonio, TX . June 7-10, 2016.

E .C . Meek, J.A . Crow, L.H. Mangum, M.K. R o ss . R.W . Wills, and J .E . Chambers. Serum levels 
of the organochlorine (OC) compound D D E and its possible association with type 2 diabetes 
(T2D) in Mississippians. Presented at the Society of Toxicology meeting. New Orleans, LA, 
March 13-17, 2016.

S . Kondakala, C . Mulligan, J.H . Lee, M.K. R o ss , and G .E . Howell. Role of the hepatic endocan- 
nabinoid system in chlorpyrifos-induced lipid accumulation in McArdle-RH7777 cells. Presented 
at the Society of Toxicology meeting. New Orleans, LA, March 13-17, 2016.

E. Kummari, J. H. Lee, A. Borazjani, M. Edelmann, and M.K. R o ss . Characterization of Serine 
Hydrolases Using Chemoproteomic Profiling Approach in Chicken Macrophages 
with Salmonella Infection. Presented at the American Society of Microbiology meeting, New Or
leans, LA. May 30-June 2, 2015.

Evangel Kummari, Navatha Alugubelly, Jung Hwa Lee, Lauren Mangum, Abdolsamad Borazja
ni, Matthew K. R o s s , and Mariola J. Edelmann. Characterization of prostaglandins released 
from human macrophages infected with enteric bacteria. Presented at the Southeast Institute of 
Metabolomics. University of Florida, Gainsville, May 13-14, 2015.

A.T. Matthews, A.Borazjani, L.C . Mangum and M.K. R o s s . EN H A N C ED  O X ID A TIV E S T R E S S  
M O D U LA TES EN D O CA N N A B IN O ID  TO N E. 2015 University of Alabama, Birmingham Cardio
vascular Symposium.

A.T. Matthews, A.Borazjani, L.C . Mangum and M.K. R o s s . E N H A N C ED  O X ID A TIV E S T R E S S  
M O D U LA TES EN D O CA N N A B IN O ID  T O N E. 2015 Experimental Biology meeting, Boston, MA.

L. C. Mangum, J.A . Crow, A. Borazjani, and M.K. R o s s . C H O L E S T E R O L  H O M E O S T A S IS  IS  
R E G U L A T E D  B Y  C A R B O X Y L E S T E R A S E  1 IN M A C R O P H A G E FOAM C E L L S .  2015 Society of 
Toxicology meeting, San  Diego, CA.
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B.F. Kaplan, B. Szafran, A. Borazjani, J.H. Lee and M.K. R o s s . L P S  S U P P R E S S E S  S P L E E N  
S E R IN E  H Y D R O L A S E  A C T IV IT Y  AND 2 -A R A C H ID O N Y L G LY C E R O L  (2-AG) H Y D R O L Y S IS : A  
P O S S IB L E  M ECHANISM  T O  R E G U L A T E  INFLAM M ATION. 2015 Society of Toxicology meet
ing, San Diego, CA.

L. Mangum, G. Howell, M.K. R o ss . S. Pruett, J. Cham bers, J. Stokes. P ,P ’-D D E A L T E R S  
M A C R O P H A G E R E A C T IV IT Y  IN VITROAND  IN D U C E S  M O N O CYTE/M A CR O P H A G E R E 
C R U ITM EN T T O  T H E  ST R O M A L V A S C U L A R  F R A C T IO N  (S V F ) O F  A D IP O S E  T IS S U E  IN 
C57BL/6 M ALE M ICE. 2015 Society of Toxicology meeting, San Diego, CA.

A.T. Matthews, A.Borazjani, R. W ang and M.K. R o s s . IN C R E A S E D  O X ID A TIV E S T R E S S  E N 
H A N C E S  EN D O CA N N A B IN O ID  T O N E. 2014 Experimental Biology meeting, San Diego, CA.

L.C. Mangum,A. Borazjani, J.A. Crow, and M.K. R o s s . B IO A C T IV E  LIP ID  M ETABO LISM  B Y  
C A R B O X Y L E S T E R A S E  1 (C E S 1 ) IN M A C R O P H A G ES. 2014 Experimental Biology meeting, 
San Diego, CA.

Matthews A.T., Borazjani A., W ang R., and Ross, M.K. EN H A N C IN G  2 -A R A C H ID O N Y L
G L Y C E R O L  B IO S Y N T H E S IS  VIA O X ID A TIV E S T R E S S .  2013 Annual Sigm a Xi Meeting, No
vember, Research Triangle Park, NC.

Ammari M., Pharr T., R o ss M.K.. Pinchuk G., Pinchuk, L. M ITO CH O N D RIA L D Y S FU N C T IO N  
A S S O C IA T E D  W ITH BO V IN E V IR A L D IA R R H EA  V IR U S  C Y T O P A T H O G E N IC IT Y . 2013 10th 
International Veterinary Immunology Symposium, Milan, Italy, Aug 28-Sept 1.

L.C. Mangum, J .E . Cham bers, and M.K. R o ss . A C T IV A T IO N  O F HUMAN M O N O C YTIC  
NADPH O X ID A S E  B Y  C H LO R IN A T E D  C Y C L O D IE N E  IN S E C T IC ID E S . 2013 Society of Toxi
cology meeting, San Antonio, TX.

Carr, R .C., Adam s A.L., Kepler D.R., Ward A.B., and Ross. M.K. IN D U CTIO N  O F EN D O C A N 
NABINOID L E V E L S  IN JU V E N ILE  R A T  BRAIN FO LLO W IN G  D E V E LO P M E N T A L C H L O R P Y R -  
IFO S  E X P O S U R E . 2013 Society of Toxicology meeting, San Antonio, TX.

Lin, Z„ Fisher, J.W ., W ang, R., Ross. M.K.. Filipov, N.M. ESTIM A TIO N  O F  P L A C E N T A L  AN D  
LA C T A T IO N A L T R A N S F E R  AN D T IS S U E  D IST R IB U T IO N  O F  A T R A Z IN E  AND IT S  MAIN M E
T A B O L IT E S  IN T H E  R A T  DAM, F E T U S , AND N E O N A T E W ITH P H Y S IO L O G IC A L L Y  B A S E D  
P H A R M A C O K IN ETIC  M O DELING. 2013 Society of Toxicology meeting, San Antonio, TX.

Cummings T., Bennett L., and R o ss M.K. A L B E N D A Z O LE  T IS S U E  D E P LE T IO N  S T U D Y  IN 
C H IC K E N S . 2012 American Veterinary Medical Association (AVMA) national meeting, San  
Diego, CA.

Borazjani A., Crow J.A., W ang R., and R o ss M.K. M A C R O P H A G E S  AND T O X IC A N T S : E F 
F E C T S  ON C H O L E S T E R O L  E F F L U X . 2012 Society of Toxicology meeting, San  Francisco, 
CA. The Toxicologist 111 (S1): Abstract #151 8.

Carr R.L., Adam s A.L., Kepler D.R., Ward A.B., and R o ss M.K. P A T T E R N  O F  INHIBITIO N O F  
BRAIN EN D O CA N N A B IN O ID  M ETA B O LIZIN G  E N Z Y M E S  FO LLO W IN G  D E V E LO P M E N T A L  
C H L O R P Y R IF O S  E X P O S U R E . 2012 Society of Toxicology meeting, San Francisco, CA. The 
Toxicologist 111 (S 1 ): Abstract #  2565.
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Carr R.L., Ward A.B., and R o ss M.K. R E P E A T E D  D E V E LO P M E N T A L C H L O R P Y R IF O S  E X 
P O S U R E  IN C R E A S E S  EN D O CA N N A B IN O ID  L E V E L S  IN T H E  BRAIN O F  JU V E N ILE  R A T S. 
2011 Society of Toxicology meeting, Washington, DC. The Toxicologist 110 (S1): Abstract#  
1325.

R o ss M.K.. Borazjani A., and Potter P.M. IN A CTIVATIO N  O F  EN D O CA N N A BIN O ID  M ETA BO 
LISM  IN HUMAN THP1 M A C R O P H A G E S  FO LLO W IN G  E X P O S U R E  T O  A C T IV A T E D  O R -  
G A N O P H O S P H O T H IO N A T E S . 2011 Society of Toxicology meeting, Washington, DC. The 
Toxicologist 110 ( S 1): Abstract # 2086.

Crow J.A., Bittles V., Herrring K., Borazjani A., Potter P.M., and R o ss M.K, S T U D Y  O F  T H E  
INHIBITIO N O F  R E C O M B IN A N T HUMAN C A R B O X Y L E S T E R A S E  1 AND 2 B Y  C H L O R P Y R I
F O S  O XO N , P A RA O XO N , AN D M ET H Y L PA RA O XO N . 2011 Society of Toxicology meeting, 
Washington, DC. The Toxicologist 110 (S 1 ): Abstract # 2098.

Sachidananda Mishra, Deepak R. Mishra, Craig Tucker, Matthew K. R o ss A  Q U A SI- 
AN A LY T I C A L  A LG O R ITH M  T O  Q U A N TIFY  P H Y C O C Y A N IN  C O N C E N T R A T IO N  IN C YA N O - 
B A C T E R IA L  A L G A L  BLO O M S. 2011 Northern Gulf Institute Annual Conference.

R o ss M.K., Borazjani A., Potter P.M., and Xie S. M ETABO LISM  O F  P R O ST A G LA N D IN  G L Y C 
E R Y L  E S T E R S  B Y  HUMAN C A R B O X Y L E S T E R A S E S , C E S 1  AN D C E S 2 , AN D  IT S  INHIBI
TIO N  B Y  B IO A C T IV E  M E T A B O LIT E S  O F  O R G A N O P H O S P H A T E  IN S E C T IC ID E S . Poster 
abstract C 122 966.10. Experimental Biology meeting, Anaheim, CA, April 24-28, 2010.

Carr R.L. and R o ss M.K. E F F E C T  O F  D E V E LO P M E N T A L C H L O R P Y R IF O S  E X P O S U R E  ON  
EN D O CA N N A B IN O ID  M ETA B O LIZIN G  E N Z Y M E S  IN T H E  BRAIN  O F  JU V E N ILE  R A TS..2010  
Society of Toxicology meeting, Salt Lake City, UT. The Toxicologist 109 (S1): A bstract#  168.

R o ss M.K.. K. Herring, S. Xie, P.M. Potter, and J.A. Crow. IN H IB ITO R Y E F F E C T S  O F  O X Y S -  
T E R O L S  AN D S A T U R A T E D  AN D U N S A T U R A T E D  F A T T Y  A C ID S  ON HUMAN C A R B O X Y 
L E S T E R A S E  1 AN D THP1 M O N O C YTE/M A C R O P H A G E H Y D R O L Y T IC  A C T IV IT Y E S . 2009 
Society of Toxicology meeting, Baltimore, MD. The Toxicologist 108 (S I) :  Abstract #  905.

R o ss M.K.. A. Borazjani, S. Xie, and P.M. Potter. FROM  X E N O B IO T IC S  T O  E N D O B IO T IC S: 
E F F IC IE N T  H Y D R O L Y S IS  O F  T H E  EN D O CA N N A B IN O ID  2 -A R A C H ID O N O Y L G LY C E R O L  B Y  
HUMAN C A R B O X Y L E S T E R A S E S  1 AN D 2. 2008 Society of Toxicology meeting, Seattle, WA. 
The Toxicologist 102 (S 1 ): Abstract #  301.

Crow J.A., K. Hardin, A. Borazjani, and M.K. Ross. E F F E C T  O F  T H E  LIP ID  P ER O X ID IA TIO N  
P R O D U C T  4-H Y D R O X Y -2-N O N E N A L ON E S T E R A S E  AND L IP A S E  A C T IV IT IE S  IN HUMAN 
THP-1 M O N O C Y T ES/M A C R O P H A G ES. 2008 Society of Toxicology meeting, Seattle, WA. 
The Toxicologist 102 (S 1 ): Abstract #  2053.

Davis M.K., M. Russak, M.K. Ross, and J .E . Cham bers. A S S E S S IN G  P O T EN T IA L E X P O S U R E  
T O  T R A N S F E R A B L E  IN S E C T IC ID E  R E S ID U E S  FROM  T H E  FU R  O F  D O G S T R E A T E D  W ITH  
A  SP O T -O N  F L E A  C O N T R O L  P R O D U C T  CO N TA IN IN G  T H E  P Y R E T H R O ID  IN S E C T ID IE  
P ER M ETH R IN . 2008 Society of Toxicology meeting, Seattle, WA. The Toxicologist 102 (S1): 
A bstract#  1481.
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Filipov N.M., M.K. R o s s . L.M. Pinchuk, A. Borazjani and A. Coban. M ETABO LISM  AN D  
H E A LT H  E F F E C T S  O F  A T R A Z IN E  E X P O S U R E  IN T H E  M O USE. 2008 Society of Toxicology 
meeting, Seattle, WA. The Toxicologist 102 (S1): Abstract #  1985.

Godin S .J ., M.F. Hughes, M.K. R o ss and M.J. DeVito. M ETABO LISM  O F  P Y R E T H R O ID  
P E S T IC ID E S  B Y  R A T  AND HUMAN C Y P 4 5 0 S  AN D SERU M . 2007 Society of Toxicology 
meeting, Charlotte, NC. The Toxicologist 96 (S1): Abstract #  1980.

Streit T.M., A. Borazjani, S .E . Lentz and M.K, R o ss . EXAM INATIO N O F  T H E  P R O P O S E D  
“S ID E  D O O R ” IN T H E  X E N O B IO T IC  M ETA B O LIZIN G  EN ZYM E C A R B O X Y L E S T E A R A S E .  
2007 Society of Toxicology meeting, Charlotte, NC. The Toxicologist 96 (S1): Abstract #  349.

R o ss M.K.. A. Borazjani, J.A. Crow, and M.P. Patricelli. EV A LU A TIO N  O F  T H E  C A R B O X Y -  
L E S T E R A S E  P H E N O T Y P E  IN HUMAN LIV ER . 2007 Society of Toxicology meeting, Charlotte, 
NC. The Toxicologist 96 (S 1 ): Abstract #  350.

Filipov N. M., T.L. Jones, and M.K. R o s s . P H A R M A C O K IN E T IC S  AND T IS S U E  D IS T R IB U 
TIO N  O F A T R A Z IN E  IN M ALE C57BL/6 M ICE. 2007 Society of Toxicology meeting, Char
lotte, NC. The Toxicologist 96 (S1): Abstract #  2034.

Crow J.A., B.L. Middleton, and M.K. R o s s . INHIBITION O F  C H O L E S T E R Y L  E S T E R  H Y D R O 
L A S E  IN THP-1 C E L L S  B Y  O R G A N O P H O S P H O R U S  O X O N S. 2007 Society of Toxicology 
meeting, Charlotte, NC. The Toxicologist 96 (S1): Abstract #  2121.

Streit T.M., A. Borazjani, S .E . Lentz and M.K. Ross. EXAM INATION O F  T H E  “S ID E  D O O R ”
IN T H E  X E N O B IO T IC  M ETA B O LIZIN G  EN ZYM E C A R B O X Y L E S T E A R A S E . 2006 SouthCen- 
tral Regional meeting of the Society of Toxicology, Monroe, LA.

R o ss M.K., A. Borazjani, P.M. Potter, and T. Streit. M ETABO LISM  O F  P Y R E T H R O ID S  B Y  
HUMAN C A R B O X Y L E S T E R A S E S . 2006 IS S X  meeting, Puerto Rico.

R o ss M.K., A. Borazjani, P.M. Potter, and T. Streit M ETABO LISM  O F  P Y R E T H R O ID S  B Y  
HUMAN C A R B O X Y L E S T E R A S E S . 2006 C O B R E /IN B R E  symposium, Washington, D C. This  
was a “highlighted poster” at the meeting.

R o ss M.K.. S .E . Lentz, and A. Borazjani. C H A R A C T E R IZ A T IO N  O F  TW O  R A T  C A R 
B O X Y L E S T E R A S E S  IN V O LV ED  IN P Y R E T H R O ID  M ETABO LISM . 2006 Society of 
Toxicology meeting, San  Diego, CA. The Toxicologist 90 (S1): Abstract #  694.

Davis M.K., M. Russak, J.W . Tyler, J .S . Boone, M.K. R o ss , and J .E . Chambers. A S S E S S IN G  
E X P O S U R E  L E V E L S  O F  C H ILD R E N  T O  F L E A  C O N T R O L  IN S E C T IC ID E S  (C H L O R P Y R IF O S ,  
T E T R A C H L O R V IN P H O S , AN D P ER M ET H R IN ) FROM  T H E  FU R  O F  D O G S. 2006 Society of 
Toxicology meeting, San Diego, CA. The Toxicologist 90 (S1): Abstract #  862.

Godin S .J., M.F. Hughes, M.J. DeVito, and M.K. R o ss . S P E C IE S  D IF F E R E N C E S  IN T H E  
M ETABO LISM  O F  P Y R E T H R O ID  P E S T IC ID E S  IN R A T  AN D HUMAN L IV E R  M IC R O SO M ES. 
2006 Society of Toxicology meeting, San  Diego, CA. The Toxicologist 90 (S1): Abstract #  
1202 .
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Dail M., S. Burgess, M.K. R o ss , and J. Chambers. E F F E C T S  O F  D IELD R IN  AND P H E N O -  
B A R B IT A L ON T H E  L E V E L S  O F  M E S S E N G E R  RN A O F T O X IC O L O G IC A L L Y  IM PO RTA N T  
G E N E S . 2006 Society of Toxicology meeting, San Diego, CA. The Toxicologist 90 (S1): Ab
stract#  1825.

R o ss M.K.. S .E . Lentz, and A. Borazjani. C H A R A C T E R IZ A T IO N  O F TW O  R A T  C A R B O X Y 
L E S T E R A S E S  IN V O LV ED  IN P Y R E T H R O ID  M ETABO LISM . 2005 South Central Chapter R e 
gional meeting of the Society of Toxicology, Little Rock, AR.

R o ss M.K.. P.M. Potter, and A. Borazjani. H Y D R O L Y T IC  M ETABO LISM  O F P Y R E T H R O ID S  
B Y  HUMAN C A R B O X Y L E S T E R A S E S  AND R O D E N T  AN D HUMAN L IV E R  M IC R O SO M ES. 
2005 Society of Toxicology meeting, New Orleans, LA. The Toxicologist 84 (S1): Abstract #  
1569.

Ross. M.K.. Potter, P.M., and Borazjani, A. H Y D R O L Y T IC  M ETABO LISM  O F P Y R E T H R O ID S  
B Y HUMAN C A R B O X Y L E S T E R A S E S  AND R O D E N T  AND HUMAN L IV E R  M ICR O SO M ES. 
2004 South Central Chapter Regional meeting of Society of Toxicology, Mississippi State Uni

versity.

Abstracts from postdoctoral and graduate research work:
R o ss M.K.. R. Tornero-Velez, C. Granville, A. Gold, K. Funasaka, M.V. Evans, and D.M. 
DeMarini. M ETABO LISM  AND B IO A CTIV A TIO N  O F  1 ,1 -AN D 1 ,3 -D IC H LO R O P R O P E N E.
2004 International Society for the Study of Xenobiotics (IS S X ) meeting, Vancouver, BC.

R o ss M.K.. C .R . Eklund, and R.A. Pegram. C O M PA R ISO N  O F  D E T O X IF IC A T IO N  AN D BIO 
A C TIV A TIO N  P A T H W A Y S F O R  B R O M O D IC H LO R O M ETH A N E IN T H E  RAT. 2004 Society of 
Toxicology meeting, Baltimore, MD. The Toxicologist: Abstract #  1452.

Pegram, R.A., M.K. Ross. T .L. Leavens, J.W . Allis, B .C. Blount, and G. Zhao. BRO M O DI
C H LO R O M E T H A N E  T O X IC O K IN E T IC S : LIN KIN G  E X P O S U R E  T O  E F F E C T . Presented at 
the 2002 U .S .E P A  Science Fair, May 1-2, Washington, D.C.

R o ss M.K. and R.A  Pegram. CO M PA R ISO N  O F  R A T E S  O F  G LU T A T H IO N E (G SH )-  
C O N JU G A T IO N  O F  T R IH A LO M E T H A N ES. 2002 Society of Toxicology meeting, Nashville, 
TN. The Toxicologist, Abstract# 1118.

R o ss M.K. and R.A. Pegram. G LU T A T H IO N E (G S H )-D E P E N D E N T  M ETABO LISM  O F  T H E  
D IS IN F E C T IO N -B Y -P R O D U C T  B R O M O D IC H LO R O M ETH A N E (BDCM). 2001 International 
Society for the Study of Xenobiotics (IS S X ) meeting, Munich, Germany. Drug Metab. Rev., 33 
(Suppl. 1) 342.

R o ss M.K. and R.A. Pegram. G LU T A T H IO N E S -T R A N S F E R A S E -M E D IA T E D  M ETABO LISM  
O F  B R O M O D IC H LO R O M ETH A N E. 2001 Society of Toxicology meeting, San Francisco, CA. 
The Toxicologist, Abstract # 438.

Pegram, R.A  and M.K. Ross. DNA BINDING P O T E N T IA L  O F  B R O M O D ICH LO R O M ETH A N E  
M ED IA TED  B Y G LU T A T H IO N E S -T R A N S F E R A S E  T H E T A  1 -1. 2001 Society of Toxicology 
meeting, San Francisco, CA. The Toxicologist, Abstract# 439.

Ross. M. K .. B. Said, and R .C . Shank. N O N -AD D ITIV E DNA-DAM AGING E F F E C T S  O F  G E N -

17



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 151 of 398
Updated: May 2017

O T O X IN S IN M IXTU RE: 2. C O V A LE N T  BINDING T O  DNA. 1999 Society of Toxicology meet
ing, New Orleans, LA. The Toxicologist, Abstract # 1090.

Ro ss M.K. and R .C . Shank. M O DULATIO N O F A D D U C T  FO RM ATIO N  A F T E R  E X P O S U R E  
O F O L IG O N U C L E O T ID E S  C O N TA IN IN G  P R E -E X IS T IN G  S IT E -S P E C IF IC  A D D U C T S  TO  
B U LK Y  C A R C IN O G E N S  (1996) Presented at the Histopathobiology of Neoplasia Workshop, 
sponsored by the American Association of Cancer Research, Keystone, CO.

Shank R .C., M.K. Ross, B. Said, and T. Salib.T. M O DU LATIO N O F  DNA A D D U C T  F O R 
MATION A F T E R  E X P O S U R E  O F  DNA TO  SM A LL AN D B U LK Y  C A R C IN O G E N S . 1995 In
ternational Society of Toxicology meeting, Seattle, WA. The International Toxicologist, Ab
stract # 12-PD-10.

Menzel D.B., M.K. Ross. S.V . Oddo, and H. Roth. A  P R ELIM IN A R Y  P B -P K  M O D EL O F IN
G E S T E D  A R S E N A T E  IN S W IS S -W E B S T E R  M ICE. 1994 Society of Toxicology meeting, Dal
las, TX. The Toxicologist, Abstract # 68.

Ross M.K., D. Meacher, S.V. Oddo, R.E. Rassm ussen, and D.B. Menzel. C O M PA R A TIV E  
S T U D IE S  O F  F E R R E T  AN D R A T  G LU T A T H IO N E S -T R A N S F E R A S E  SU B U N ITS. 1994 S o 
ciety of Toxicology meeting, Dallas, TX. The Toxicologist, Abstract # 1326.

PROFESSIONAL DEVELOPMENT SINCE 2004 (CONTINUING ED. COURSES/TRAINING):
Course title: Reactive Oxygen Species. March 2009. S O T  meeting, Baltimore, MD.

Course title: Metabolomics. November 2008. Applications of Mass Spectrometry to the Clinical Laborato
ry meeting, San Diego, CA.

Course title: Human Polymorphic Responses to Drugs. October 2006. IS S X  meeting, Puerto Rico.

Course title: Xenobiotic Transporters. March 2006. S O T  meeting, San Diego, CA.

Course title: Fundamentals of Nanotechnology: Chemistry, Exposure, and Health Effects. March 2005. 
S O T  meeting, New Orleans, LA.

Course title: Regulation of Cytochrome P450 and Transporters. August 2004. IS S X  meeting, Vancouver, 
BC.

Course title: Computational Biology, Dose and Response, March 2004. S O T  meeting, Baltimore, MD.

Four days of training on LC -M S instrument at the Thermo Finnigan Training Institute, W. Palm Beach, FL. 
July 26-29, 2004.

ACTIVE OUTSIDE COLLABORATORS:
Philip M. Potter, Ph.D.
Department of Molecular Pharmacology 
St. Jude Children’s Research Hospital 
Memphis, TN

Nikolay (Nick) M. Filipov, Ph.D.
Department of Pharm acology and Physiology 
College of Veterinary Medicine 
University of Georgia  
Athens, G A
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Ran W ang, Ph.D.
Institute of Food Safety
Jiangsu Academ y of Agricultural Sciences (JA A S)
Nanjing, China

TEACHING (FTE 15%)

GRADUATE COURSES
Course: Mechanisms of Toxic Action/Molecular Toxicology (CVM  8543, 3 h)
Instructor of record: Dr. Matt K. R o ss
Semesters: Fall, 2009; Fall, 2011; Fall 2015, 2016 (problems-based course); Fall 2016 
Role: Taught the majority of lectures in this course (85%  of the lectures)

Course: Organ System s Toxicity II (CVM 8533, 3 h)
Instructor of record: Dr. Russell Carr  
Semesters: Spring, 2009; Spring, 2011
Role: Taught sections on endocrinology/diabetes/cardiovascular (16% of the lectures; new lec
tures prepared on metabolic syndrome diseases and atherosclerosis)

Course: Organ System s Toxicity I (CVM 8523, 3 h)
Instructor of record: Dr. Russell Carr
Semesters: Spring, 2006; Spring, 2008; Spring, 2010; Spring, 2012
Role: Taught sections on liver physiology/pathophysiology (16% of the lectures)

Course: Mechanisms of Toxic Action (CVM 8543, 3 h)
Instructor of record: Dr. Russell Carr 
Semesters: Spring, 2005; Spring, 2007
Role: Taught sections on xenobiotic metabolism/mutagenesis/carcinogenesis (40%  of the lec
tures; new lectures prepared for the section on biotransformation, genotoxicity, mutagenesis, 
and carcinogenesis)

Course: Current Literature in Toxicology (Special topics course, 1 h)
Instructor of record: Dr. Matt K. R o ss  
Semesters: Fall, 2005
Role: Coordinated a journal club for graduate students; presented two journal clubs to the stu
dents during the course

Course: Graduate Student Sem inar (CVM 8011, 1 h)
Instructor of record: Dr. Matt K. R o ss  
Semesters: Fall, 2004-Spring, 2007 (6 sem esters)
Role: Coordinated the CVM graduate student seminar series

GUEST LECTU RES IN CVM GRADUATE CO U RSES
Two lectures on pharmacokinetics in Dr. Cory Langston’s graduate Pharmacology course, CVM  
8403 (Spring, 2004; Spring, 2007)

Four lectures on signal transduction pathways in Drs. Pharr’s and Pinchuk’s Advanced Immu
nology graduate course, CVM 8303 (Spring, 2009; Spring, 2011; Spring, 2012; Spring, 2013; 
Spring 2014)

DIRECTED INDIVIDUAL STUDY
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Course: Techniques in Analytical Toxicology 
Instructors of record: Dr. Matt K. Ross/Dr. Cory Langston  
Semester: Spring, 2005 
Student: Jay  Pittman, 2 hour course

STUDENT AND POSTDOCTORAL ADVISEMENT
Master’s students (Major Professor):

Tim Streit, tenure in lab 8/05-8/07 
Graduated: August, 2007
Current position: Assistant Study Director, Covance Pharmaceuticals, Madison, Wl

Shuqi Xie, tenure in lab 8/07-12/10 
Graduated: December, 2009
Current position: Research Associate, Department of Hygiene Toxicology,
Preventive Medical College, Third Military Medical University, Chongqing, China.

Ph.D. students (Major Professor):
Lee Magnum, tenure 8/09-present
Anberitha Matthews, tenure 8/11-present (Awarded NIH pre-doctoral fellowship, August 
2014, F31 H L122082-01A1)

Postdoctoral Fellows:
Dr. Kristen Funk (tenure: 1/11-7/11; current position, Assistant Professor, Jam es Madison 
University, VA)
Dr. Ran W ang (tenure: 8/11-8/13; current position, Professor, JA A S, Nanjing, China)
Dr. Jung Hwa Lee (tenure: 9/13-present)
Dr. Xiang Hou (tenure: 1/16-present)

Undergraduate students:
Katye Herring, tenure in lab 8/07-12/09
Awarded a Shackouls Undergraduate Student Research Award (summer ’08)
Currently: Medical student, University of Mississippi, Jackson, MS

Victoria Bittles, tenure in lab 8/09-present
Currently: Senior at Mississippi State University (still works in my lab)

Jayne Carlson, tenure in lab 1/10-5/10
Currently: W orks for a health-care non-profit organization in Mississippi 

Claire Dagre, tenure in lab 9/09-5/10.
Currently: Human Vaccine Institute, Duke University, Durham, N C  

Antonio Ward, tenure in lab 5/10-8/10.
Currently: Toxicology graduate student, Mississippi State University

Ms. Herring, Bittles, Carson, and Dagre and Mr. Ward were supported by my R15 grant

Veterinary students -  performed summer research in the lab:
Shellaine Lentz, tenure in lab 5/05-8/05; also 1/07-5/07 
Lloyd Reitz, tenure in lab 5/06-8/06 
Kate Lightner, tenure in lab 5/07-8/07
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Kim Pluta, tenure in lab 5/09-8/09
[Stipend support for the veterinary students was provided by NIH T35RR007071 (Ainsworth, 
Lawrence, Pis)]

Graduate student committees (MS or PhD):

Past students: J .E . Moran, MS (advisor: J .E . Cham bers)
Frank Johnson, PhD (advisor: R .L. Carr)
Ja y  Pittman, PhD (advisor: J .E . Cham bers)
Tim Streit, MS (advisor: M.K. Ross)
Shuqi Xie, MS student (advisor: M.K. Ross)
Paul Eden, PhD student (advisor: J .E . Chambers)
Chelsea Macintosh, MS student (advisor: J. Warnock)
Guohua Yang, MS student (advisor: H. Wan)
Ron Pringle, PhD student (advisor: J .E . Chambers)

Current students: Antonio Ward, PhD student (advisor: J .E . Chambers)

SER V IC E  (FTE 15%)

EXTERNAL REVIEW PANELS:
Invited member, U S E P A  Federal Insecticide, Fungicide and Rodenticide Act Scientific Advisory 
Panel Meeting (August 16-17, 2007) on “A ssessing  Approaches for the Development of P B P K  
Models of Pyrethroid Pesticides” held at the Environmental Protection Agency Conference C e n 
ter, Arlington, VA.

Invited member, N IO SH  Study Section, Philadelphia, PA, June 6-10, 2011.

Invited member, Agricultural Health Study (A H S) National Advisory Panel, Rockville, MD, March 
1-2 , 2012 .

Invited member, NIH Study Section, Special Em phasis Panel (review of R15 grants), November 
29, 2012.

Invited member, NIH Study Section, System ic Injury by Environmental Exposures, February 5- 
6, 2013.

Invited member, NIH Study Section, System ic Injury by Environmental Exposures, November 
11-12, 2013.

International Agency for Research on Can cer (IA R C ) Monograph vol. 112 Writing Team  
(March, 2015)

International Agency for Research on Can cer (IA R C ) Monograph vol. 117 Writing Team  (Octo
ber, 2016) -  subgroup chair, Mechanisms subgroup.

Invited grant reviewer, Austrian Science Fund (November 2015, April 2016)

REVIEWER/EDITORIAL BOARD FOR JOURNALS:
Ad-hoc reviewer for scientific journals (number of manuscripts reviewed for each journal is indi
cated in parentheses; updated September 2013):

A C S  Books (1), A C S  Chemical Neuroscience (1), Analytical Biochemistry (1), Biochemical 
Pharmacology (4), BMC Genomics (1), BMC Research Notes (2), Cardiovascular Toxicology 
(1), Chemico-Biological Interactions (16), Chemical Research in Toxicology (3), Chemistry &
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Biology (1), Comparative Biochemistry and Physiology (1), Current Drug Metabolism (1), Envi
ronmental and Molecular Mutagenesis (1), Food and Chemical Toxicology (2), Food and Func
tion (1), Journal of Agricultural and Food Chemistry (2), Journal of Biochemical and Molecular 
Toxicology (2), Journal of Child and Adolescent Psychopharmacology (1), Insect Biochemistry 
and Molecular Biology (1), International Journal of Toxicology (1), Life Sciences (1), Molecules 
(1), Nature Chemical Biology (1), Plos One (2), Toxicology and Applied Pharmacology (3), Tox
icology In Vitro (3), Toxicological Sciences (5), Toxicology (1), Pesticide Biochemistry and 
Physiology (1), Journal of Bacteriology (1), African Journal of Biotechnology (1), Ecotoxicology 
and Environmental Safety (2), Journal of Pharmacology and Experimental Therapeutics (1).

Editorial board member (invited), Toxics (2013-present)

UNIVERSITY SERVICE:
-- Hazardous W aste Committee (Member, Fall 2005 -  Fall 2006)

-- Life Sciences and Biotechnology Institute (LSB I) T ask  Force (Member, Spring 2007)

-- Radiation, Chemical and Laboratory Safety Committee (Member, Fall 2006 -  current)

-- Chair, Radiation, Chemical and Laboratory Safety Committee (Fall 2013 -  current)

~  Search committee, Environmental Health and Safety Director position (Member, Spring 2013) 

DEPARTMENT/COLLEGE SERVICE:
— Research Advisory Committee, College of Veterinary Medicine, MSU (2010-present)

-- College Tenure and Promotion Committee, College of Veterinary Medicine, MSU (2011- 
present)

-- Lipidomics Research Program Director, College of Veterinary Medicine, MSU (2011-present)

-- Ad-hoc selection committee to review applications of veterinary students applying for positions as 
NIH-funded summer researchers at the CVM (Spring 2004)

-- Interviewer of veterinary student applicants (Spring 2006)

-- Faculty Search Committees (Toxicology positions), Department of Basic Scien ces (Spring 
2008, Fall 2012, Spring 2013); (Chair of search committees; Fall 2012, Spring 2013)

-- Served as judge for veterinary and graduate student research presentations during CVM  Research  
Day (Fall 2007; Fall 2008; Fall, 2011; Fall 2012).

-- Advisor and consultant for investigators, students, and staff members in the Center for Environmental 
Health Sciences regarding bioanalytical needs, experimental design, and instrumentation. Advice was 
given on the use of specific analytical platforms, including G C -M S, LC-M S, and LC-U V . Played a signifi
cant role in determining which instrumentation should be purchased by the Center for bioanalytical 
needs.

-- In-house reviewer of manuscripts at the CVM (average of 3 per year).

-- Research Strategic Planning committee, College of Veterinary Medicine, Mississippi State 
University (2010).

CLINICAL / DIAGNOSTIC SERVICE:
Performed LC -M S analyses of dog and bird blood for the presence of specific antibiotics as part 
of a clinical study (PI; Dr. Cory Langston, College of Veterinary Medicine, MSU). 2005-2006.
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Performed LC-M S/M S analyses of dog blood for dantrolene and its major metabolite as part of 
a clinical study (PI; Drs. Todd Archer/Andrew Mackin, College of Veterinary Medicine, MSU). 
2011- 1012.

Performed LC-M S/M S analyses of horse blood for nadolol as part of a clinical study (PI; Dr. 
Chipper Swiderski, College of Veterinary Medicine, MSU). 2011-2012.

Performed LC -M S analyses of bovine liver sam ples for the presence of atrazine residues (PI; 
Dr. John Roberts, College of Veterinary Medicine, Auburn University). 2008.

OTHER:
Judge for student poster competition, fall meeting of the South Central Chapter of the Society 
of Toxicology Meeting held at Mississippi State University (October, 2004).

Tips to get your Science Published in Peer-reviewed English Language Journals. Matt K. R o ss . 
7 lectures given at the Jiangsu  Academ y of Agricultural Sciences (JA A S), Nanjing, China. June, 
2015.

R E F E R E N C E S :

1. Phil M. Potter, PhD, Member, Department of Chemical Biology and Therapeutics, St. Jude  
Children’s Research Hospital, Memphis, TN. Email: phil.potter@stiude.org. Tel. (901) 595- 
2825

2. Nikolay (Nick) M. Filipov, PhD, Associate Professor, Department of Pharmacology and 
Physiology, College of Veterinary Medicine, University of Georgia. Email: filipov@ uga.edu.
Tel. (706) 542-3014

3. Michael Devito, PhD, Head, Experimental Toxicology Group, National Toxicology Program, 
National Institutes of Environmental Health, Research Triangle Park, NC. Email: devi- 
tom@ niehs.nih.gov. Tel. (9 1 9 ) 5 4 1 -4 1 4 2
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Kathryn M. Fornin 
Ross. Matthew
Fwd: Cancer induced by Glyphosate 
Monday, June 8, 2015 5:33:40 PM

From:
To:
Subject:
Date:

> Dear Dr. Ross: I read, with great interest, the recent IARC classification of glyphosate. and see that you were 
involved in studying this issue. I also have read, or more accurately, attempted to read, some of your work on 
organochlorines leading to disease state through the mechanism of systemic oxidative stress. I am a lawyer 
representing persons who have developed cancer after such exposure and am hoping I can arrange a time to speak 
with you to discuss the research and issues involved. I could meet you al a place convenient to you in Mississippi, 
or we could set up ;H im ^iU aJ^>^|jj^Jione - whichever is easiest for you. I look forward to hearing from you. 
Regards. ku[hryn|

> Sent from mv iPad
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000297 DECLARATION OF INTERESTS FOR IARC/WHO EXPERTS

IARCAVHO's work on global health issues requires the assistance of external experts who may have interests related to their 
expertise. To ensure the highest integrity and public confidence in its activities, 1ARC/WHO requires that experts serving in 
an advisory role disclose any circumstances that could give rise to a potential conflict of interest related to the subject of the 
activity in which they will be involved.

All experts serving in an advisory role must disclose any circumstances that could represent a potential conflict of interest 
(i.e. any interest that may affect, or may reasonably be perceived to affect, the expert's objectivity and independence). You 
must disclose on this Declaration of Interest (DOI) form any financial, professional or other interest relevant to the subject of 
the work or meeting in which you have been asked to participate in or contribute towards 2nd any interest that could be 
affected by the outcome of the meeting or work. You must also declare relevant interests of your immediate family members 
(see definition below) and, if you are aware of it, relevant interests of other parties with whom you have substantial common 
interests and which may be perceived as unduly influencing your judgement (e.g. employer, close professional associates, 
administrative unit or department).

Please complete this form and submit it to IARC/WIIO Secretariat if possible at least 4 weeks but no later than 2 weeks before 
the meeting or work. You must also promptly inform the Secretariat if there is any change in this information prior to, or 
during the course of, the meeting or work. All experts must complete this form before participation in a 1ARC/WHO activity 
can be confirmed.

Answering "Yes" to a question on this form does not automatically disqualify you or limit your participation in a IARC/WIIO 
activity. Your answers will be reviewed by the Secretariat to determine whether you have a conflict of interest relevant to the 
subject at hand. One of the outcomes listed in the next paragraph can occur depending on the circumstances (e.g. nature and 
magnitude of the interest, timeframe and duration of the interest).

The Secretariat may conclude that no potential conflict exists or that the interest is irrelevant or insignificant. If, however, a 
declared interest is determined to be potentially or clearly significant, one or more of the following three measures for 
managing the conflict of interest may be applied. The Secretariat (i) allows fiill participation, with public disclosure of your 
interest; (ii) mandates partial exclusion (i.e. you will be excluded from that portion of the meeting or work related to the 
declared interest and from the corresponding decision making process); or (iii) mandates total exclusion (i.e. you will not be 
able to participate in any part of the meeting or work).

All potentially significant interests will be disclosed to the other participants at the start of the activity and you will be asked if 
there have been any changes. A summary of all declarations and actions taken to manage any declared interests will be 
published in resulting reports and work products. Furthermore, if the objectivity of the work or meeting hi which you are 
involved is subsequently questioned, the contents of your DOI form may be made available by the Secretariat to persons 
outside 1ARC/WHO if the Dircctor/Director-General considers such disclosure to be in the best interest of the Organization, 
after consulting with you. Completing this DOI form means that you agree to these conditions.

If you arc unable or unwilling to disclose the details of an interest that may pose a real or perceived conflict, you must disclose 
that a conflict of interest may exist and the Secretariat may decide that you be totally recused from the meeting or work 
concerned, after consulting with you.

Name: Ros>s

Please answer each o f  the questions below. I f  the answer to any o f  the questions is "yes", briefly describe the 
circumstances on the last page o f  the form.

The term "you" refers to you rself and  you r immediate fam ily  members (i.e. spouse (or partner with whom you  have 
a  similar close personal relationship) and your children). "Commercial entity" includes any commercial business, 
an industry association, research institution or other enterprise whose funding is significantly derived from  
commercial sources with an interest re la ted  to the subject o f  the m eeting or work. "Organization" includes a  
governmental, international o r non-profit organization. "Meeting" includes a  series or cycle o f  meetings.

IARC M onographs on the Evaluation o f  Carcinogenic R isks to Humans 
Volume 112: Some Organophosphatc Insecticides 

Lyon, France: 3-10 March 2015

CIRC S6E (12/2010) Bused on WHO 8S0F. LEG (16/06/7.010)
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Yes □  No 

Yes Sf^No

Yes □  No

Ei7 1Yes 13 No □

Yes □  No

Yes □  No 13/

000298

EMPLOYMENT AND CONSULTING
Within the p a st 4  years, have yo u  received rem uneration fro m  a com m ercial entity or 
other organization with an interest related to the subject o f  the m eeting or work?

la  Employment

lb  Consulting, including service as a technical or other advisor 

RESEARCH SUPPORT
Within the p a st 4 years, have you  or has yo u r research unit received support fro m  a 
com m ercial entity or other organization with an interest related to the subject o f  the 
m eeting or work?

2a Research support, including grants, collaborations, sponsorships, and other funding

2b Non-monetary support valued at more than US $1000 overall (include equipment, 
facilities, research assistants, paid travel to meetings, etc.)

2c Support (including honoraria) for being on a speakers bureau, providing speeches or 
training for a commercial entity or other organization with an interest related to the 
subject of the meeting or work?

INVESTMENT INTERESTS
D o y o u  have current investm ents (valued at m ore than US $1000) in a com m ercial 
entity with an interest related to  the subject o f  the m eeting or work?
Please also include indirect investm ents such as a  trust or holding company. You m ay  
exclude m utualfunds, pension  fu n d s  or sim ilar investm ents that are broadly diversified  
an d  on which you  exercise no control.

3a Stocks, bonds, stock options, other securities (e.g. short sales)

3b Commercial business interests (e.g. proprietorships, partnerships, joint ventures, board 
memberships, controlling interest in a company)

INTELLECTUAL PROPERTY
D o yo u  have any intellectual property rights that m ight be enhanced or dim inished by 
the outcom e o f  the m eeting or work?

4a Patents, trademarks, or copyrights (including pending applications)

4b Proprietary know-how in a substance, technology or process

PUBLIC STATEMENTS AND POSITIONS (during the past 3 years)

5a As part of a regulatory, legislative or judicial process, have you provided an expert 
opinion or testimony, related to the subject of the meeting or work, for a commercial 
entity or other organization?

5b Have you held an office or other position, paid or unpaid, where you represented interests /
or defended a position related to the subject of the meeting or work? Yes □  No ty s

ADDITIONAL INFORMATION

6a If not already disclosed above, have you worked for the competitor of a product that is the 
subject of the meeting or work, or will your participation in the meeting or work enable 
you to obtain access to a competitor's confidential proprietaiy information, or create for ,
you a personal, professional, financial or business competitive advantage? Yes □  No M

6b To your knowledge, would the outcome of the meeting or work benefit or adversely 
affect interests of others with whom you have substantial common personal, professional, 
financial or business interests (such as your adult children or siblings, close professional /
colleagues, administrative unit or department)? Yes □  No 0}

6c Excluding IARC/WHO, has any person or entity paid or contributed towards your travel y
costs in connection with this IARC/WHO meeting or work?_________________________ Yes □  No M

Yes □  No

Yes □  No 

Yes □  No

Yes □  No
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Yes □  Noltf

Yes □  No

6d Have you received any payments (other than for travel costs) or honoraria for 
speaking 

publicly on the subject of this IARC/WHO meeting or work?
6e Is there any other aspect of your background or present circumstances not 
addressed 

above that might be perceived as affecting your objectivity or independence?

7 TOBACCO OR TOBACCO PRODUCTS (answ er w ith ou t re g a rd to relevance to the
su b jec t o f  the m eeting o r  work)
Within the past 4 years, have you had employment or received research support or other
funding from, or had any other professional relationship with, an entity directly involved
in the production, manufacture, distribution or sale of tobacco or tobacco products or y
representing the interests of any such entity? Yes □  No M

EXPLANATION OF "YES" RESPONSES: If the answer to any of the above questions is "yes", check above 
and briefly describe the circumstances on this page. If von do not describe the nature of an interest or if you 
do not provide the amount or value involved where relevant, the conflict will be assumed to be significant.

Nos. 1-4,7:
Type of interest, question 
number and catcgoiy (e.g. 
Intellectual Property 4.a 
copyrights) and basic 
descriptive details

ó^ yje^  i ta

£?ves  • t b

Name of 
company, 
organization, or 
institution

-M ,
a d v i s o r y  .

** f a

j
7-0 f 2  ''V*

P cJcf

jfI ¿j’fbStL- O Ç  d
(S ic*  S o  ° -j~ f ì y  f  I *

J C ld '

Belongs to you, a 
family member, 
employer, research 
unit or other?

Amount of income 
or value of interest 
(if not disclosed, is 
assumed to be 
significant)

itéraiei(tr^e> n/<w/v 

1 /
û t) *

c , £'UCUi\l*& à r ^ iy - .
\ r iu

k  2 . ^ 0 0 ™

Current 
interest (or 
year ceased)

2 - o / 3

------------------------------------------- ------- ¡s'__ v  '  i _______________  V 2  ,  eot> ________
Nos. 5-6: Describe the subject, specific circumstances, parties involved, time frame and other relevant details.

/ \ y ,  —— • >— y<7 r-o A 'S -t 6-*\

(_ flJC iJ ^ d o J 1*

f r J7  ^ A J&  H J  * C » l l &

Q  J * A S ^ C;
/At

CONSENT TO DISCLOSURE. By completing and signing this form, you consent to the disclosure of any relevant 
conflicts to other meeting participants and in the resulting report or work product.

https://www.baumhedlundlaw.com/toxic-tort-law/monsanto-roundup-lawsuit/
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DECfEAftATlOIN. I hereby declare on my honour that the disclosed information is true and complete to the 
best of my knowledge.

Should there be any change to the above information, I will promptly notify the responsible staff of 
JARC/WHO and complete a new declaration of interests form that describes the changes. This includes any 
change that occurs before or during the meeting or work itself and through the period up to the publication 
of the final results or completion of the activity concerned.

Sign atu re: -UiR.
Date: S ig n a tu re:

(to be signed again at the meeting)
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World Health 
Organization

Subgroup 4 Working Group Members

Ivan 1. Rusyn (Subgroup Chair)
V e te r in a r y  I n te g r a t iv e  B i o s c i e n c e s
C o l l e g e  o f  V e te r in a r y  M e d ic i n e  &  B io m e d ic a l
S c i e n c e s
T e x a s  A & M  U n iv e r s i t y  

C o l l e g e  S ta t io n ,  T X 7 7 8 4 3 - 4 4 5 9  
U S A

F ra n k  L e  C u r ie u x
E u r o p e a n  C h e m ic a ls  A g e n c y  ( E C H A )
A n n a n k a tu  18
P .O . B o x  4 0 0
F I -0 0 1 2 1  H e ls in k i
F in la n d

M a tth e w  T . M a r tin

O f f ic e  o f  R e s e a r c h  a n d  D e v e lo p m e n t
N a t io n a l  C e n te r  fo r  C o m p u ta t io n a l  T o x i c o l o g y
U .S .  E n v ir o n m e n ta l  P r o te c t io n  A g e n c y
3 1 5 3  R a p id  F a lls  R o a d
C a r y , N C  2 7 5 1 9
U S A

M a tth e w  K . R o s s  

C o l l e g e  o f  V e te r in a r y  M e d ic in e  

M is s i s s ip p i  S ta te  U n iv e r s i t y  
P .O . B o x  6 1 0 0
M is s i s s ip p i  S ta te , M S  3 9 7 6 2 - 6 1 0 0  

U S A _________________________

Invited specialist

C h r is to p h e r  J. P o r t ie r  [r e t ir e d ]

L a u r e n  Z e is e
C a l i fo r n ia  E n v ir o n m e n ta l  P r o te c t io n  A g e n c y  
R e p r o d u c t iv e  a n d  C a n c e r  H a z a r d  A s s e s s m e n t  
1 5 1 5  C la y  S tr e e t ,  1 6 th  F lo o r  

O a k la n d , C A  9 4 6 1 2  
U S A
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Section Title
M 1 :1.1 C h e m ic a l a n d  p h y s ic a l  d ata

M 1 :1.2  P r o d u c tio n  a n d  u se

M 1 :1 .3  M e a s u r e m e n t  a n d  a n a ly s is

M 1 : 1.4  O c c u r r e n c e  a n d  e x p o su r e

M 1:1 .5  R e g u la t io n s  a n d  g u id e l in e s

M 1:2 S tu d ie s  o f  c a n c e r  in h u m a n s

M 1:3 S tu d ie s  o f  c a n c e r  in e x p e r im e n ta l a n im a ls

M 1:4.1 T o x ic o k in e t ic  d ata

M 1: 4 .2 . 1 G e n e t ic  an d  r e la te d  e f fe c t s

M 1:4 .2 .2  R e c e p to r -m e d ia te d  e f fe c t s

M l: 4 .2 .3  O x id a t iv e  s tr e s s , in f la m m a tio n  an d
im m u n o s u p p r e s s io n

M 1:4 .2 .4  A lte r e d  c e l l  p r o life r a t io n

M 1:4 .2 .5  O th e r  m e c h a n is m s

M  1 :4 .3  D a ta  r e le v a n t  to  c o m p a r is o n s  a c r o s s
a g e n ts  a n d  e n d p o in ts

M 1 :4 .4  C a n c e r  s u s c e p t ib il i ty  d a ta

M 1 :4 .5  O th e r  a d v e r se  e f fe c t s

M l :4 .6  M e c h a n is t ic  c o n s id e r a t io n s

Home Section
M l M a la th io n  

M l M a la th io n  

M l M a la th io n  

M l M a la th io n  

M l M a la th io n  

M l M a la th io n  

M l M a la th io n  

M l M a la th io n  

M l M a la th io n  

M l M a la th io n

M l M a la th io n

M l M a la th io n  

M l M a la th io n

M l M a la th io n

M I M a la th io n  

M l M a la th io n  

M I M a la th io n

Author
P eter  P. E g e g h y  

P eter  P. E g e g h y  

P eter  P. E g e g h y  

L in F r itsc h i 

H a n s K ro m h o u t  

I s a b e lle  B a ld i 

G lo r ia  D . J a h n k e  

M att R o ss  

Frank L e C u r ie u x  

L auren  Z e is e

Ivan R u sy n

L auren Z e is e  

L auren  Z e is e

M att M artin

Ivan R u sy n  

M att M artin  

M att M artin

M 2 : 1. 1 C h e m ic a l  a n d  p h y s ic a l  d a ta  M 2  P a ra th io n

M 2 : 1 .2  P r o d u c tio n  an d  u s e  M 2  P a ra th io n

M 2 : 1 .3 M e a su r e m e n t a n d  a n a ly s is  M 2  P arath ion

M 2 :1 .4  O c c u r r e n c e  a n d  e x p o s u r e  M 2  P arath ion

M 2 : l  .5 R e g u la t io n s  an d  g u id e l in e s  M 2  P a ra th io n

M 2 :2  S tu d ie s  o f  c a n c e r  in h u m a n s  M 2  P a ra th io n

M 2 :3  S tu d ie s  o f  c a n c e r  in e x p e r im e n ta l a n im a ls  M 2  P arath ion  

M 2 : 4 .1 T o x ic o k in e t ic  da ta  M 2  P a ra th io n

M 2 :4 .2 .1  G e n e t ic  and r e la ted  e f fe c t s  M 2  P a ra th io n

M 2 :4 .2 .2  R e c e p to r -m e d ia te d  e f fe c t s  M 2  P arath ion

M 2 :4 .2 .3  O x id a t iv e  s tr e s s , in f la m m a tio n  an d  
im m u n o s u p p r e s s io n  

M 2 :4 .2 .4  A lte r e d  c e l l  p r o life r a t io n  M 2  P a ra th io n

M 2 :4 .2 .5  O th e r  m e c h a n is m s  M 2  P a ra th io n

M 2 :4 .3  D a ta  r e le v a n t to  c o m p a r is o n s  a c r o s s ,  . .
a g e n ts  an d  e n d p o in ts

M 2 :4 .4  C a n c e r  s u s c e p t ib il i ty  d a ta  M 2  P arath ion

M 2 :4 .5  O th e r  a d v e r s e  e f fe c t s  M 2  P arath ion

M 2 :4 .6  M e c h a n is t ic  c o n s id e r a t io n s  M 2  P a ra th io n

M 2  P a ra th io n

P eter  P. E g e g h y  

P eter  P. E g e g h y  

P eter  P. E g e g h y  

L in F ritsch i 

H an s K ro m h o u t  

Joh n  M c L a u g h lin  

M aria  C o n s o la to  S e r g i  

M att R o ss  

Frank L e C u r ie u x  

L auren  Z e is e

Ivan R u sy n

L auren  Z e is e  

L auren  Z e is e

Ivan R u sy n

Ivan R u sy n  

M att M artin  

M att R o ss

M 3 :1 .1  C h e m ic a l a n d  p h y s ic a l  d a ta  M 3  D ia z in o n

M 3 :1 .2  P r o d u c tio n  a n d  u s e  M 3  D ia z in o n

M 3 :1 .3  M e a su r e m e n t an d  a n a ly s is  M 3  D ia z in o n

M 3 :1 .4  O c c u r r e n c e  an d  e x p o su r e  M 3  D ia z in o n

M 3 :1 .5  R e g u la t io n s  a n d  g u id e l in e s  M 3  D ia z in o n

M 3 :2  S tu d ie s  o f  c a n c e r  in h u m a n s  M 3  D ia z in o n

M 3 :3  S tu d ie s  o f  c a n c e r  in e x p e r im e n ta l a n im a ls  M 3  D ia z in o n  

M 3 : 4 .1 T o x ic o k in e t ic  d a ta  M 3  D ia z in o n

M 3 :4 .2 .1  G e n e t ic  a n d  r e la ted  e f fe c t s  M 3  D ia z in o n

P eter  P. E g e g h y  

P eter  P. E g e g h y  

P eter  P. E g e g h y  

T e r e sa  R o d r ig u e z  

I Ians K ro m h o u t  

A n d r e a ’t M a n n e tje  

G lo r ia  M . C a la f  

M att R o s s  

Frank L e C u r ie u x
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Section Title
M 3 :4 .2 .2  R e c e p to r -m e d ia te d  e f fe c t s

M 3 :4 .2 .3  O x id a t iv e  s tr e s s , in f la m m a tio n  an d
im m u n o s u p p r e s s io n

M 3 :4 .2 .4  A lte r e d  c e l l  p r o life r a t io n

M 3 :4 .2 .5  O th e r  m e c h a n is m s

M 3 :4 .3  D a ta  r e le v a n t to  c o m p a r is o n s  a c r o s s
a g e n ts  a n d  e n d p o in ts

M 3 :4 .4  C a n c e r  s u s c e p t ib il i t y  d ata

M 3 :4 .5  O th e r  a d v e r se  e f fe c t s

M 3 :4 .6  M e c h a n is t ic  c o n s id e r a t io n s

Home Section
M 3  D ia z in o n

M 3  D ia z in o n

M 3 D ia z in o n  

M 3 D ia z in o n

M 3  D ia z in o n

M 3  D ia z in o n  

M 3  D ia z in o n  

M 3  D ia z in o n

A uthor
L auren  Z e is e

Ivan R u sy n

L auren  Z e is e  

L auren  Z e is e

M att M artin

Ivan R u sy n  

M att M artin  

L auren  Z e is e

M 4 : 1 . 1 C h e m ic a l  a n d  p h y s ic a l  d a ta  M 4  G ly p h o s a te

M 4 : 1 .2  P r o d u c tio n  a n d  u se  M 4  G ly p h o s a te

M 4 :1 .3  M e a su r e m e n t a n d  a n a ly s is  M 4  G ly p h o s a te

M 4 :1 .4  O c c u r r e n c e  an d  e x p o s u r e  M 4  G ly p h o s a te

M 4 : 1.5 R e g u la t io n s  a n d  g u id e l in e s  M 4  G ly p h o s a te

M 4 :2  S tu d ie s  o f  c a n c e r  in h u m a n s  M 4  G ly p h o s a te

M 4 :3  S tu d ie s  o f  c a n c e r  in e x p e r im e n ta l a n im a ls  M 4  G ly p h o s a te

M 4 :4 .1  T o x ic o k in e t ic  d ata  M 4  G ly p h o s a te

M 4 : 4 .2 . l  G e n e t ic  a n d  r e la ted  e f fe c t s  M 4  G ly p h o s a te

M 4 :4 .2 .2  R e c e p to r -m e d ia te d  e f fe c t s  M 4  G ly p h o s a te

M 4 : 4 .2 .3 0 x id a t iv e  s tr e s s , in f la m m a tio n  a n d , , . „ .  .
M 4  G ly p h o s a te

im m u n o s u p p r e s s io n

M 4 :4 ,2 .4  A lte r e d  c e l l  p r o life r a t io n  M 4  G ly p h o s a te

M 4 :4 .2 .5 O th e r  m e c h a n is m s  M 4  G ly p h o s a te

M 4 :4 .3  D a ta  r e le v a n t  to  c o m p a r is o n s  a c r o s s » . ,
» , . . . . . .  M 4  G ly p h o s a te

a g e n ts  and e n d p o in ts  r
M 4 :4 .4 C a n c e r  su s c e p t ib il i ty  data  M 4  G ly p h o s a te

M 4 : 4 .5 0 t h e r  a d v e r se  e f f e c t s  M 4  G ly p h o s a te

M 4 :4 .6  M e c h a n is t ic  c o n s id e r a t io n s  M 4  G ly p h o s a te

P eter  P. E g e g h y

P eter  P. E g e g h y

P eter  P. E g e g h y

T e r e sa  R o d r ig u e z

H a n s K ro m h o u t

F r a n c e sc o  F o ra stie re

C h a r le s  ( B i l l )  W ill ia m  J a m e so n

M att R o ss

Frank L e C u r ie u x

L auren  Z e is e

Ivan R u sy n

L auren  Z e is e  

L auren  Z e is e

M att M artin

Ivan R u sy n  

M att M artin  

Ivan R u sy n

M 5 : l . l  C h e m ic a l a n d  p h y s ic a l  data  

M 5 :1 .2  P r o d u c tio n  a n d  u se  

M 5 :L 3  M e a su r e m e n t an d  a n a ly s is  

M 5 :1 .4  O c c u r r e n c e  an d  e x p o su r e  

M 5 :1 .5  R e g u la t io n s  a n d  g u id e l in e s  

M 5 :2  S tu d ie s  o f  c a n c e r  in h u m a n s

M 5 :3  S tu d ie s  o f  c a n c e r  in e x p e r im e n ta l a n im a ls  M 5  

M 5 :4 .1  T o x ic o k in e t ic  d a ta  M 5

M 5 :4 .2 .1  G e n e t ic  an d  r e la ted  e f fe c t s  M 5

M 5 :4 .2 .2  R e c e p to r -m e d ia te d  e f fe c t s  M 5

M 5 :4 .2 .3  O th e r  m e c h a n is m s  M 5

M 5 :4 .3  D a ta  r e le v a n t  to  c o m p a r is o n s  a c r o s s  
a g e n ts  an d  e n d p o in ts  

M 5 :4 .4  C a n c e r  s u s c e p t ib il i ty  d ata  M 5

M 5 :4 .5  O th e r  a d v e r s e  e f fe c t s  M 5

M 5 :4 .6  M e c h a n is t ic  c o n s id e r a t io n s  M 5

Last update 11/20/2014

M 5  T e tr a c h lo r v in p h o s  

M 5  T e tr a c h lo r v in p h o s  

M 5  T e tr a c h lo r v in p h o s  

M 5  T e tr a c h lo r v in p h o s  

M 5  T e tr a c h lo r v in p h o s  

M 5  T e tr a c h lo r v in p h o s  

T e tr a c h lo r v in p h o s  

T e tr a c h lo r v in p h o s  

T e tr a c h lo r v in p h o s  

T e tr a c h lo r v in p h o s  

T e tr a c h lo r v in p h o s

M 5  T e tr a c h lo r v in p h o s

T e tr a c h lo r v in p h o s  

T e tr a c h lo r v in p h o s  

T e tr a c h lo r v in p h o s

P eter  P. E g e g h y  

P eter  P. E g e g h y  

P eter  P. E g e g h y  

T e r e sa  R o d r ig u e z  

H an s K ro m h o u t  

A aron  B la ir

C h a r le s  ( B i l l )  W illia m  J a m e so n  

M att R o ss  

Frank L e C u r ie u x  

L auren  Z e is e  

L auren  Z e is e

Ivan R u sy n

Ivan R u sy n  

M att M artin  

Frank L e C u r ieu x
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IA R C  M onographs on the E valuation  o f  C arcinogenic R isks to H um ans
V o l u m e  112

IARC, Lyon, 3-10 March 2015

MEETING TIMETABLE

Monday, 2 March
15 h 3 0  -  17 h 0 0  P la n n in g  m e e t in g  -  M e e t in g  C h a ir s  a n d  su b g r o u p  C h a ir s  o n ly  (rm  1 0 1 , 1st f lo o r )

Tuesday, 3 March
0 9 h 0 0  -  0 9 h 3 0  R e g is tr a t io n  (L o b b y )
0 9 h 3 0  -  1 0 h 3 0  O p e n in g  s e s s io n :  D ir e c to r ’s  w e lc o m e ,  in tr o d u c t io n s , p r o g r a m m e  o v e r v ie w  
10 h 3 0  -  11 hOO G ro u p  p h o to  (L o b b y , f o l lo w e d  b y  c o f f e e  b r e a k )
11 hOO -  13 h 0 0  S u b g r o u p  s e s s io n s  
1 4 h 0 0  -  15 h 4 5  S u b g r o u p  s e s s io n s
15 h 4 5  -  16 h  15 P a y m e n t  o f  p e r  diem  &  d in n e r  r e s e r v a t io n  (L o b b y , d u r in g  c o f f e e  b r ea k )
16 h  15 — 17 h 4 5  S u b g r o u p  s e s s io n s
17 h 4 5  -  C o c k ta il  r e c e p t io n  fo r  p a r t ic ip a n ts  an d  th e ir  g u e s t s  ( 1 2 th f lo o r )
18 h  15 — 19 h 0 0  C o -o r d in a t io n  m e e t in g  fo r  th e  C o -c h a ir s  a n d  su b g r o u p  C h a ir s  ( 1 st f lo o r )

Wednesday, 4 March
0 9 h 0 0  -  0 9 h 3 0  
0 9 h 3 0  -  1 3 h 0 0  
1 4 h 0 0  -  1 8 h 0 0  
1 8 h 0 0  -  1 9 h 0 0

P le n a r y  s e s s io n :  E v a lu a t io n  c r ite r ia  
S u b g r o u p  s e s s io n s  
S u b g r o u p  s e s s io n s
C o -o r d in a t io n  m e e t in g  fo r  th e  C o -c h a ir s  a n d  su b g r o u p  C h a ir s  ( 1 st f lo o r )

Thursday, 5 March
0 9 h 0 0  -  0 9 h l 0  
0 9 h l 0  -  1 3 h 0 0  
1 4 h 0 0  -  15 h 4 5  
16 h  1 5 — 18 h 0 0  
1 8 h 0 0  -  1 9 h 0 0

P le n a r y  s e s s io n :  P r o g r e s s  r ep o rt  
S u b g r o u p  s e s s io n s  
S u b g r o u p  s e s s io n s  
S u b g r o u p  s e s s io n s
C o -o r d in a t io n  m e e t in g  fo r  th e  C o -c h a ir s  a n d  su b g r o u p  C h a ir s  ( 1 st f lo o r )

Friday, 6 March
0 9 h 0 0  -  0 9 h l 0  
0 9 h l 0 -  1 3 h 0 0  
1 4 h 0 0  -  1 5 h 4 5  
16 h  1 5 — 1 8 h 0 0  
1 8 h 0 0  -  1 9 h 0 0

P le n a r y  s e s s io n :  P r o g r e s s  rep o rt  
S u b g r o u p  s e s s io n s  
S u b g r o u p  s e s s io n s
P le n a r y  s e s s io n :  O v e r v ie w  d is c u s s io n
C o -o r d in a t io n  m e e t in g  fo r  th e  C o -c h a ir s  a n d  su b g r o u p  C h a ir s  ( 1 st f lo o r )

Saturday, 7 March
0 9 h 0 0  -  1 0 h 3 0  S u b g r o u p  s e s s io n s  
11 hOO -  15 h 0 0  P le n a r y  s e s s io n
2 0 h 0 0  G r o u p  d in n e r  fo r  p a r t ic ip a n ts  a n d  th e ir  g u e s t s

Monday, 9 March
0 9 h 0 0  -  13 h 0 0  P le n a r y  s e s s io n  

14 h 0 0  -  1 8 h 0 0  P le n a r y  s e s s io n

Tuesday, 10 March
0 9 h 0 0  -  13 h 0 0  P le n a r y  s e s s io n  
14 h 0 0  -  1 8 h 0 0  P le n a r y  s e s s io n  
18 h 0 0  A d jo u r n

L u n c h  w i l l  b e  s e r v e d  o n  th e  1 2 th  f lo o r  e a c h  d a y  at 1 3 h 0 0  ( 1 2 h 3 0  o n  S a tu rd a y ).  
C o f f e e  w i l l  b e  s e r v e d  in  th e  lo b b y  e a c h  d a y  at 1 0 h 3 0  a n d  1 5 h 4 5 .
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PREAMBLE

The Preamble to the I  ARC Monographs describes the objective and scope of the 
programme, the scientific principles and procedures used in developing a Monograph, 
the types o f evidence considered and the scientific criteria that guide the evaluations. 
The Preamble should be consulted when reading a Monograph or list of evaluations.

A. GENERAL PRINCIPLES AND PROCEDURES

1. Background
Soon after IARC was established in 1965. it received frequent requests for advice on the 

carcinogenic risk of chemicals, including requests for lists of known and suspected human 
carcinogens. It was clear that it would not be a simple task to summarize adequately the 
complexity of the information that was available, and IARC began to consider means of 
obtaining international expert opinion on this topic. In 1970. the IARC Advisory Committee 
on Environmental Carcinogenesis recommended ' . . . that a compendium on carcinogenic 
chemicals be prepared by experts. The biological activity and evaluation of practical 
importance to public health should be referenced and documented.* The IARC Governing 
Council adopted a resolution concerning the role of IARC in providing government 
authorities with expert, independent, scientific opinion on environmental carcinogenesis. As 
one means to that end. the Governing Council recommended that IARC should prepare 
monographs on the evaluation of carcinogenic risk of chemicals to man, which became the 
initial title of the series.

In the succeeding years, the scope of the programme broadened as Monographs were 
developed for groups of related chemicals, complex mixtures, occupational exposures, 
physical and biological agents and lifestyle factors. In 1988. the phrase 'o f chemicals' was 
dropped from the title, which assumed its present form, IARC Monographs on the Evaluation 
o f Carcinogenic Risks to Humans.

Through the Monographs programme, IARC seeks to identify the causes of human 
cancer. This is the first step in cancer prevention, which is needed as much today as when 
IARC was established. The global burden of cancer is high and continues to increase: the 
annual number of new cases was estimated at 10.1 million in 2000 and is expected to reach 
15 million by 2020 (Stewart & Kleihues, 2003). With current trends in demographics and 
exposure, the cancer burden has been shifting from high-resource countries to low- and 
medium-resource countries. As a result of Monographs evaluations, national health agencies 
have been able, on scientific grounds, to take measures to reduce human exposure to 
carcinogens in the workplace and in the environment.

The criteria established in 1971 to evaluate carcinogenic risks to humans were adopted by 
the Working Groups whose deliberations resulted in the first 16 volumes of the Monographs 
series. Those criteria were subsequently updated by further ad-hoc Advisory Groups (IARC. 
1977. 1978, 1979, 1982, 1983. 1987, 1988, 1991; Vainio etal., 1992; IARC. 2005. 2006).

The Preamble is primarily a statement of scientific principles, rather than a specification 
of working procedures. The procedures through which a Working Group implements these 
principles are not specified in detail. They usually involve operations that have been
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2 I A R C  M onographs

established as being effective during previous Monograph meetings but remain, 
predominantly, the prerogative of each individual Working Group.

2. Objective and scope
The objective of the programme is to prepare, with the help of international Working 

Groups of experts, and to publish in the form of Monographs, critical reviews and evaluations 
of evidence on the carcinogenicity of a wide range of human exposures. The Monographs 
represent the first step in carcinogen risk assessment, which involves examination of all 
relevant information in order to assess the strength of the available evidence that an agent 
could alter the age-specific incidence of cancer in humans. The Monographs may also 
indicate where additional research efforts are needed, specifically when data immediately 
relevant to an evaluation are not available.

In this Preamble, the term ‘agent’ refers to any entity or circumstance that is subject to 
evaluation in a Monograph. As the scope of the programme has broadened, categories of 
agents now include specific chemicals, groups of related chemicals, complex mixtures, 
occupational or environmental exposures, cultural or behavioural practices, biological 
organisms and physical agents. This list of categories may expand as causation of, and 
susceptibility to, malignant disease become more fully understood.

A cancer ‘hazard' is an agent that is capable of causing cancer under some circumstances, 
while a cancer ‘risk" is an estimate of the carcinogenic effects expected from exposure to a 
cancer hazard. The Monographs are an exercise in evaluating cancer hazards, despite the 
historical presence of the word ‘risks' in the title. The distinction between hazard and risk is 
important, and the Monographs identify cancer hazards even when risks are very low at 
current exposure levels, because new uses or unforeseen exposures could engender risks that 
are significantly higher.

In the Monographs, an agent is termed ‘carcinogenic’ if it is capable of increasing the 
incidence of malignant neoplasms, reducing their latency, or increasing their severity or 
multiplicity. The induction of benign neoplasms may in some circumstances (see Part B, 
Section 3a) contribute to the judgement that the agent is carcinogenic. The terms ‘neoplasm’ 
and ‘tumour' are used interchangeably.

The Preamble continues the previous usage of the phrase 'strength of evidence' as a 
matter of historical continuity, although it should be understood that Monographs evaluations 
consider studies that support a finding of a cancer hazard as well as studies that do not.

Some epidemiological and experimental studies indicate that different agents may act at 
different stages in the carcinogenic process, and several different mechanisms may be 
involved. The aim of the Monographs has been, from their inception, to evaluate evidence of 
carcinogenicity at any stage in the carcinogenesis process, independently of the underlying 
mechanisms. Information on mechanisms may, however, be used in making the overall 
evaluation (IARC. 1991: Vainio et a l, 1992; IARC. 2005, 2006; see also Part B. Sections 4 
and 6). As mechanisms of carcinogenesis are elucidated, IARC convenes international 
scientific conferences to determine whether a broad-based consensus has emerged on how 
specific mechanistic data can be used in an evaluation of human carcinogenicity. The results 
of such conferences are reported in IARC Scientific Publications, which, as long as they still 
reflect the current state of scientific knowledge, may guide subsequent Working Groups.

Although the Monographs have emphasized hazard identification, important issues may 
also involve dose-response assessment. In many cases, the same epidemiological and 
experimental studies used to evaluate a cancer hazard can also be used to estimate a dose-
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response relationship. A Monograph may undertake to estimate dose-response relationships 
within the range of the available epidemiological data, or it may compare the dose-response 
information from experimental and epidemiological studies. In some cases, a subsequent 
publication may be prepared by a separate Working Group with expertise in quantitative 
dose-response assessment.

The Monographs are used by national and international authorities to make risk 
assessments, formulate decisions concerning preventive measures, provide effective cancer 
control programmes and decide among alternative options for public health decisions. The 
evaluations of 1ARC Working Groups are scientific, qualitative judgements on the evidence 
for or against carcinogenicity provided by the available data. These evaluations represent 
only one part of the body of information on which public health decisions may be based. 
Public health options vary from one situation to another and from country to country and 
relate to many factors, including different socioeconomic and national priorities. Therefore, 
no recommendation is given with regard to regulation or legislation, which are the 
responsibility of individual governments or other international organizations.

3. Selection of agents for review
Agents are selected for review on the basis of two main criteria: (a) there is evidence of 

human exposure and (b) there is some evidence or suspicion of carcinogenicity. Mixed 
exposures may occur in occupational and environmental settings and as a result of individual 
and cultural habits (such as tobacco smoking and dietary practices). Chemical analogues and 
compounds with biological or physical characteristics similar to those of suspected 
carcinogens may also be considered, even in the absence of data on a possible carcinogenic 
effect in humans or experimental animals.

The scientific literature is surveyed for published data relevant to an assessment of 
carcinogenicity. Ad-hoc Advisory Groups convened by 1ARC in 1984. 1989. 1991, 1993, 
1998 and 2003 made recommendations as to which agents should be evaluated in the 
Monographs series. Recent recommendations are available on the Monographs programme 
website (http://monographs.iarc.fr). 1ARC may schedule other agents for review as it 
becomes aware of new scientific information or as national health agencies identify an urgent 
public health need related to cancer.

As significant new data become available on an agent for which a Monograph exists, a re- 
evaluation may be made at a subsequent meeting, and a new Monograph published. In some 
cases it may be appropriate to review only the data published since a prior evaluation. This 
can be useful for updating a database, reviewing new data to resolve a previously open 
question or identifying new tumour sites associated with a carcinogenic agent. Major changes 
in an evaluation (e.g. a new classification in Group 1 or a determination that a mechanism 
does not operate in humans, see Part B. Section 6) are more appropriately addressed by a full 
review.

4. Data for the Monographs
Each Monograph reviews all pertinent epidemiological studies and cancer bioassays in 

experimental animals. Those judged inadequate or irrelevant to the evaluation may be cited 
but not summarized. If a group of similar studies is not reviewed, the reasons are indicated.

Mechanistic and other relevant data are also reviewed. A Monograph does not necessarily 
cite all the mechanistic literature concerning the agent being evaluated (see Part B, Section

http://monographs.iarc.fr
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4 I  ARC M onographs

4). Only those data considered by the Working Group to be relevant to making the evaluation 
are included.

With regard to epidemiological studies, cancer bioassays, and mechanistic and other 
relevant data, only reports that have been published or accepted for publication in the openly 
available scientific literature are reviewed. The same publication requirement applies to 
studies originating from 1ARC, including meta-analyses or pooled analyses commissioned by 
I ARC in advance of a meeting (see Part B. Section 2c). Data from government agency reports 
that are publicly available are also considered. Exceptionally, doctoral theses and other 
material that are in their final form and publicly available may be reviewed.

Exposure data and other information on an agent under consideration are also reviewed. 
In the sections on chemical and physical properties, on analysis, on production and use and 
on occurrence, published and unpublished sources of information may be considered.

Inclusion of a study does not imply acceptance of the adequacy of the study design or of 
the analysis and interpretation of the results, and limitations are clearly outlined in square 
brackets at the end of each study description (see Part B). The reasons for not giving further 
consideration to an individual study also are indicated in the square brackets.

5. Meeting participants
Five categories of participant can be present at Monograph meetings.
(a) The Working Group is responsible for the critical reviews and evaluations that are 

developed during the meeting. The tasks of Working Group Members are: (i) to ascertain that 
all appropriate data have been collected; (ii) to select the data relevant for the evaluation on 
the basis of scientific merit; (iii) to prepare accurate summaries of the data to enable the 
reader to follow the reasoning of the Working Group; (iv) to evaluate the results of 
epidemiological and experimental studies on cancer; (v) to evaluate data relevant to the 
understanding of mechanisms of carcinogenesis; and (vi) to make an overall evaluation of the 
carcinogenicity of the exposure to humans. Working Group Members generally have 
published significant research related to the carcinogenicity of the agents being review ed, and 
I ARC uses literature searches to identity most experts. Working Group Members are selected 
on the basis of (a) knowledge and experience and (b) absence of real or apparent conflicts of 
interests. Consideration is also given to demographic diversity and balance of scientific 
findings and views.

(b) Invited Specialists are experts who also have critical knowledge and experience but 
have a real or apparent conflict of interests. These experts are invited when necessary to assist 
in the Working Group by contributing their unique knowledge and experience during 
subgroup and plenary discussions. They may also contribute text on non-influential issues in 
the section on exposure, such as a general description of data on production and use (see Part 
B, Section 1). Invited Specialists do not serve as meeting chair or subgroup chair, draft text 
that pertains to the description or interpretation of cancer data, or participate in the 
evaluations.

(c) Representatives of national and international health agencies often attend meetings 
because their agencies sponsor the programme or are interested in the subject of a meeting. 
Representatives do not serve as meeting chair or subgroup chair, draft any part of a 
Monograph, or participate in the evaluations.

(d) Observers with relevant scientific credentials may be admitted to a meeting by IARC 
in limited numbers. Attention will be given to achieving a balance of Observers from 
constituencies with differing perspectives. They are invited to observe the meeting and
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should not attempt to influence it. Observers do not serve as meeting chair or subgroup chair, 
draft any part of a Monograph, or participate in the evaluations. At the meeting, the meeting 
chair and subgroup chairs may grant Observers an opportunity to speak, generally after they 
have observed a discussion. Observers agree to respect the Guidelines for Observers at I ARC 
Monographs meetings (available at http://monographs.iarc.fr).

(e) The IARC Secretariat consists of scientists who are designated by IARC and who 
have relevant expertise. They serve as rapporteurs and participate in all discussions. When 
requested by the meeting chair or subgroup chair, they may also draft text or prepare tables 
and analyses.

Before an invitation is extended, each potential participant, including the IARC 
Secretariat, completes the WHO Declaration of Interests to report financial interests, 
employment and consulting, and individual and institutional research support related to the 
subject of the meeting. IARC assesses these interests to determine whether there is a conflict 
that warrants some limitation on participation. The declarations are updated and reviewed 
again at the opening of the meeting. Interests related to the subject of the meeting are 
disclosed to the meeting participants and in the published volume (Cogliano et al., 2004).

The names and principal affiliations of participants are available on the Monographs 
programme website (http://monographs.iarc.fr) approximately two months before each 
meeting. It is not acceptable for Observers or third parties to contact other participants before 
a meeting or to lobby them at any time. Meeting participants are asked to report all such 
contacts to IARC (Cogliano et a/., 2005).

All participants are listed, with their principal affiliations, at the beginning of each 
volume. Each participant who is a Member of a Working Group serves as an individual 
scientist and not as a representative of any organization, government or industry.

6. Working procedures
A separate Working Group is responsible for developing each volume o f Monographs. A 

volume contains one or more Monographs, which can cover either a single agent or several 
related agents. Approximately one year in advance of the meeting of a Working Group, the 
agents to be reviewed are announced on the Monographs programme website 
(http://monographs.iarc.fr) and participants are selected by IARC staff in consultation with 
other experts. Subsequently, relevant biological and epidemiological data are collected by 
IARC from recognized sources of information on carcinogenesis, including data storage and 
retrieval systems such as PubMed. Meeting participants who are asked to prepare preliminary 
working papers for specific sections are expected to supplement the IARC literature searches 
with their own searches.

Industrial associations, labour unions and other knowledgeable organizations may be 
asked to provide input to the sections on production and use, although this involvement is not 
required as a general rule. Information on production and trade is obtained from 
governmental, trade and market research publications and. in some cases, by direct contact 
with industries. Separate production data on some agents may not be available for a variety of 
reasons (e.g. not collected or made public in all producing countries, production is small). 
Information on uses may be obtained from published sources but is often complemented by 
direct contact with manufacturers. Efforts are made to supplement this information with data 
from other national and international sources.

http://monographs.iarc.fr
http://monographs.iarc.fr
http://monographs.iarc.fr
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Six months before the meeting, the material obtained is sent to meeting participants to 
prepare preliminary working papers. The working papers are compiled by 1ARC staff and 
sent, prior to the meeting, to Working Group Members and Invited Specialists for review.

The Working Group meets at I ARC for seven to eight days to discuss and finalize the 
texts and to formulate the evaluations. The objectives of the meeting are peer review and 
consensus. During the first few days, four subgroups (covering exposure data, cancer in 
humans, cancer in experimental animals, and mechanistic and other relevant data) review the 
working papers, develop a joint subgroup draft and write summaries. Care is taken to ensure 
that each study summary is written or reviewed by someone not associated with the study 
being considered. During the last few days, the Working Group meets in plenary session to 
review' the subgroup drafts and develop the evaluations. As a result, the entire volume is the 
joint product of the Working Group, and there are no individually authored sections.

IARC Working Groups strive to achieve a consensus evaluation. Consensus reflects broad 
agreement among Working Group Members, but not necessarily unanimity. The chair may 
elect to poll Working Group Members to determine the diversity of scientific opinion on 
issues where consensus is not readily apparent.

After the meeting, the master copy is verified by consulting the original literature, edited 
and prepared for publication. The aim is to publish the volume within six months of the 
Working Group meeting. A summary of the outcome is available on the Monographs 
programme website soon after the meeting.

B. SCIENTIFIC REVIEW AND EVALUATION
The available studies are summarized by the Working Group, with particular regard to the 

qualitative aspects discussed below. In general, numerical findings are indicated as they 
appear in the original report: units are converted when necessary for easier comparison. The 
Working Group may conduct additional analyses of the published data and use them in their 
assessment of the evidence; the results of such supplementary analyses arc given in square 
brackets. When an important aspect of a study that directly impinges on its interpretation 
should be brought to the attention of the reader, a Working Group comment is given in square 
brackets.

The scope of the IARC Monographs programme has expanded beyond chemicals to 
include complex mixtures, occupational exposures, physical and biological agents, lifestyle 
factors and other potentially carcinogenic exposures. Over time, the structure of a Monograph 
has evolved to include the following sections:

1. Exposure data
2. Studies of cancer in humans
3. Studies of cancer in experimental animals
4. Mechanistic and other relevant data
5. Summary
6. Evaluation and rationale

In addition, a section of General Remarks at the front of the volume discusses the reasons 
the agents were scheduled for evaluation and some key issues the Working Group 
encountered during the meeting.

This part of the Preamble discusses the types of evidence considered and summarized in 
each section of a Monograph. followed by the scientific criteria that guide the evaluations.
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1. Exposure data
Each Monograph includes general information on the agent: this information may vary 

substantially between agents and must be adapted accordingly. Also included is information 
on production and use (when appropriate), methods of analysis and detection, occurrence, 
and sources and routes of human occupational and environmental exposures. Depending on 
the agent, regulations and guidelines for use may be presented.

(a) General information on the agent

For chemical agents, sections on chemical and physical data are included: the Chemical 
Abstracts Service Registry Number, the latest primary name and the 1UPAC systematic name 
are recorded: other synonyms are given, but the list is not necessarily comprehensive. 
Information on chemical and physical properties that are relevant to identification, occurrence 
and biological activity is included. A description of technical products of chemicals includes 
trade names, relevant specifications and available information on composition and impurities. 
Some ot the trade names given may be those of mixtures in which the agent being evaluated 
is only one of the ingredients.

For biological agents, taxonomy, structure and biology are described, and the degree of 
variability is indicated. Mode of replication, life cycle, target cells, persistence. latency, host 
response and clinical disease other than cancer are also presented.

For physical agents that are forms of radiation, energy and range of the radiation are 
included. For foreign bodies, fibres and respirable particles, size range and relative 
dimensions are indicated.

For agents such as mixtures, drugs or lifestyle factors, a description of the agent, 
including its composition, is given.

Whenever appropriate, other information, such as historical perspectives or the 
description of an industry or habit, may be included.

(b) Analysis and detection
An overview of methods of analysis and detection of the agent is presented, including 

their sensitivity, specificity and reproducibility. Methods widely used for regulatory' purposes 
are emphasized. Methods for monitoring human exposure are also given. No critical 
evaluation or recommendation of any method is meant or implied.

(c) Production and use
The dates of first synthesis and of first commercial production of a chemical, mixture or 

other agent are provided when available; for agents that do not occur naturally, this 
information may allow a reasonable estimate to be made of the date before which no human 
exposure to the agent could have occurred. The dates of first reported occurrence of an 
exposure are also provided when available. In addition, methods of synthesis used in past and 
present commercial production and different methods of production, which may give rise to 
different impurities, are described.

The countries where companies report production of the agent, and the number of 
companies in each country, are identified. Available data on production, international trade 
and uses are obtained for representative regions. It should not. however, be inferred that those 
areas or nations are necessarily the sole or major sources or users of the agent. Some 
identified uses may not be current or major applications, and the coverage is not necessarily
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comprehensive. In the case of drugs, mention of their therapeutic uses does not necessarily 
represent current practice nor does it imply judgement as to their therapeutic efficacy.

(d) Occurrence and exposure

Information on the occurrence of an agent in the environment is obtained from data 
derived from the monitoring and surveillance of levels in occupational environments, air, 
water, soil, plants, foods and animal and human tissues. When available, data on the 
generation, persistence and bioaccumulation of the agent are also included. Such data may be 
available from national databases.

Data that indicate the extent of past and present human exposure, the sources of exposure, 
the people most likely to be exposed and the factors that contribute to the exposure are 
reported. Information is presented on the range of human exposure, including occupational 
and environmental exposures. This includes relevant findings from both developed and 
developing countries. Some of these data are not distributed widely and may be available 
from government reports and other sources. In the case of mixtures, industries, occupations or 
processes, information is given about all agents known to be present. For processes, 
industries and occupations, a historical description is also given, noting variations in chemical 
composition, physical properties and levels of occupational exposure with date and place. For 
biological agents, the epidemiology of infection is described.

(e) Regulations and guidelines

Statements concerning regulations and guidelines (e.g. occupational exposure limits, 
maximal levels permitted in foods and water, pesticide registrations) are included, but they 
may not reflect the most recent situation, since such limits are continuously reviewed and 
modified. The absence of information on regulatory status for a country should not be taken 
to imply that that country does not have regulations with regard to the exposure. For 
biological agents, legislation and control, including vaccination and therapy, are described.

2. Studies of cancer in humans
This section includes all pertinent epidemiological studies (see Part A, Section 4). Studies 

of biomarkers are included when they are relevant to an evaluation of carcinogenicity to 
humans.

(a) Types o f study considered

Several types of epidemiological study contribute to the assessment of carcinogenicity in 
humans — cohort studies, case-control studies, correlation (or ecological) studies and 
intervention studies. Rarely, results from randomized trials may be available. Case reports 
and case series of cancer in humans may also be reviewed.

Cohort and case-control studies relate individual exposures under study to the occurrence 
of cancer in individuals and provide an estimate of effect (such as relative risk) as the main 
measure of association. Intervention studies may provide strong evidence for making causal 
inferences, as exemplified by cessation of smoking and the subsequent decrease in risk for 
lung cancer.

In correlation studies, the units of investigation are usually whole populations (e.g. in 
particular geographical areas or at particular times), and cancer frequency is related to a 
summary measure of the exposure of the population to the agent under study. In correlation 
studies, individual exposure is not documented, which renders this kind of study more prone
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to confounding. In some circumstances, however, correlation studies may be more 
informative than analytical study designs (see, for example, the Monograph on arsenic in 
drinking-water: IARC, 2004).

In some instances, case reports and case series have provided important information about 
the carcinogenicity of an agent. These types of study generally arise from a suspicion, based 
on clinical experience, that the concurrence of two events — that is, a particular exposure and 
occurrence of a cancer — has happened rather more frequently than would be expected by 
chance. Case reports and case series usually lack complete ascertainment of cases in any 
population, definition or enumeration of the population at risk and estimation of the expected 
number of cases in the absence of exposure.

The uncertainties that surround the interpretation of case reports, case series and 
correlation studies make them inadequate, except in rare instances, to form the sole basis for 
inferring a causal relationship. When taken together with case-control and cohort studies, 
however, these types of study may add materially to the judgement that a causal relationship 
exists.

Epidemiological studies of benign neoplasms, presumed preneoplastic lesions and other 
end-points thought to be relevant to cancer are also reviewed. They may, in some instances, 
strengthen inferences drawn from studies of cancer itself.

(b) Quality of studies considered
It is necessary to take into account the possible roles of bias, confounding and chance in 

the interpretation of epidemiological studies. Bias is the effect of factors in study design or 
execution that lead erroneously to a stronger or weaker association than in fact exists between 
an agent and disease. Confounding is a form of bias that occurs when the relationship with 
disease is made to appear stronger or weaker than it truly is as a result of an association 
between the apparent causal factor and another factor that is associated with either an 
increase or decrease in the incidence of the disease. The role of chance is related to biological 
variability and the influence of sample size on the precision of estimates of effect.

In evaluating the extent to which these factors have been minimized in an individual 
study, consideration is given to a number of aspects of design and analysis as described in the 
report of the study. For example, when suspicion of carcinogenicity arises largely from a 
single small study, careful consideration is given when interpreting subsequent studies that 
included these data in an enlarged population. Most of these considerations apply equally to 
case-control, cohort and correlation studies. Lack of clarity of any of these aspects in the 
reporting of a study can decrease its credibility and the weight given to it in the final 
evaluation of the exposure.

Firstly, the study population, disease (or diseases) and exposure should have been well 
defined by the authors. Cases of disease in the study population should have been identified 
in a way that was independent of the exposure of interest, and exposure should have been 
assessed in a way that was not related to disease status.

Secondly, the authors should have taken into account — in the study design and analysis 
— other variables that can influence the risk of disease and may have been related to the 
exposure of interest. Potential confounding by such variables should have been dealt with 
either in the design of the study, such as by matching, or in the analysis, by statistical 
adjustment. In cohort studies, comparisons with local rates of disease may or may not be 
more appropriate than those with national rates. Internal comparisons of frequency of disease 
among individuals at different levels of exposure are also desirable in cohort studies, since
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they minimize the potential for confounding related to the difference in risk factors between 
an external reference group and the study population.

Thirdly, the authors should have reported the basic data on which the conclusions are 
founded, even if sophisticated statistical analyses were employed. At the very least, they 
should have given the numbers of exposed and unexposed cases and controls in a case- 
control study and the numbers of cases observed and expected in a cohort study. Further 
tabulations by time since exposure began and other temporal factors are also important. In a 
cohort study, data on all cancer sites and all causes of death should have been given, to reveal 
the possibility of reporting bias. In a case-control study, the effects of investigated factors 
other than the exposure of interest should have been reported.

Finally, the statistical methods used to obtain estimates of relative risk, absolute rates of 
cancer, confidence intervals and significance tests, and to adjust for confounding should have 
been clearly stated by the authors. These methods have been reviewed for case-control 
studies (Breslow & Day, 1980) and for cohort studies (Breslow & Day. 1987).

(c) Meta-analyses and pooled analyses
Independent epidemiological studies of the same agent may lead to results that are 

difficult to interpret. Combined analyses of data from multiple studies are a means of 
resolving this ambiguity, and well-conducted analyses can be considered. There are two types 
of combined analysis. The first involves combining summary statistics such as relative risks 
from individual studies (meta-analysis) and the second involves a pooled analysis of the raw 
data from the individual studies (pooled analysis) (Greenland. 1998).

The advantages of combined analyses are increased precision due to increased sample 
size and the opportunity to explore potential confounders, interactions and modifying effects 
that may explain heterogeneity among studies in more detail. A disadvantage of combined 
analyses is the possible lack of compatibility of data from various studies due to differences 
in subject recruitment, procedures of data collection, methods of measurement and effects of 
unmeasured co-variates that may differ among studies. Despite these limitations, well- 
conducted combined analyses may provide a firmer basis than individual studies for drawing 
conclusions about the potential carcinogenicity of agents.

IARC may commission a meta-analysis or pooled analysis that is pertinent to a particular 
Monograph (see Part A. Section 4). Additionally, as a means of gaining insight from the 
results of multiple individual studies, ad-hoc calculations that combine data from different 
studies may be conducted by the Working Group during the course of a Monograph meeting. 
The results of such original calculations, which would be specified in the text by presentation 
in square brackets, might involve updates of previously conducted analyses that incorporate 
the results of more recent studies or de-novo analyses. Irrespective of the source of data for 
the meta-analyses and pooled analyses, it is important that the same criteria for data quality 
be applied as those that would be applied to individual studies and to ensure also that sources 
of heterogeneity between studies be taken into account.

(d) Temporal effects
Detailed analyses of both relative and absolute risks in relation to temporal variables, 

such as age at first exposure, time since first exposure, duration of exposure, cumulative 
exposure, peak exposure (when appropriate) and time since cessation of exposure, are 
reviewed and summarized when available. Analyses of temporal relationships may be useful 
in making causal inferences. In addition, such analyses may suggest whether a carcinogen
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acts early or late in the process of carcinogenesis, although, at best, they allow only indirect 
inferences about mechanisms of carcinogenesis.

(e) Use of biomarkers in epidemiological studies
Biomarkers indicate molecular, cellular or other biological changes and are increasingly 

used in epidemiological studies for various purposes (IARC. 1991; Vainio et al., 1992; 
Toniolo et a l, 1997; Vineis et al., 1999; Buffler et al., 2004). These may include evidence of 
exposure, of early effects, of cellular, tissue or organism responses, of individual 
susceptibility or host responses, and inference of a mechanism (see Part B, Section 4b). This 
is a rapidly evolving field that encompasses developments in genomics, epigenomics and 
other emerging technologies.

Molecular epidemiological data that identify associations between genetic polymorphisms 
and interindividual differences in susceptibility to the agent(s) being evaluated may 
contribute to the identification of carcinogenic hazards to humans. If the polymorphism has 
been demonstrated experimentally to modify the functional activity of the gene product in a 
manner that is consistent w ith increased susceptibility, these data may be useful in making 
causal inferences. Similarly, molecular epidemiological studies that measure cell functions, 
enzymes or metabolites that are thought to be the basis of susceptibility may provide 
evidence that reinforces biological plausibility. It should be noted, however, that when data 
on genetic susceptibility originate from multiple comparisons that arise from subgroup 
analyses, this can generate false-positive results and inconsistencies across studies, and such 
data therefore require careful evaluation. If the known phenotype of a genetic polymorphism 
can explain the carcinogenic mechanism of the agent being evaluated, data on this phenotype 
may be useful in making causal inferences.

(f) Criteria for causality
After the quality of individual epidemiological studies of cancer has been summarized 

and assessed, a judgement is made concerning the strength of evidence that the agent in 
question is carcinogenic to humans. In making its judgement, the Working Group considers 
several criteria for causality (Hill. 1965). A strong association (e.g. a large relative risk) is 
more likely to indicate causality than a weak association, although it is recognized that 
estimates of effect of small magnitude do not imply lack of causality and may be important if 
the disease or exposure is common. Associations that are replicated in several studies of the 
same design or that use different epidemiological approaches or under different 
circumstances of exposure are more likely to represent a causal relationship than isolated 
observations from single studies. If there are inconsistent results among investigations, 
possible reasons are sought (such as differences in exposure), and results of studies that are 
judged to be of high quality are given more weight than those of studies that are judged to be 
methodologically less sound.

If the risk increases with the exposure, this is considered to be a strong indication of 
causality, although the absence of a graded response is not necessarily evidence against a 
causal relationship. The demonstration of a decline in risk after cessation of or reduction in 
exposure in individuals or in whole populations also supports a causal interpretation of the 
findings.

A number of scenarios may increase confidence in a causal relationship. On the one hand, 
an agent may be specific in causing tumours at one site or of one morphological type. On the 
other, carcinogenicity may be evident through the causation of multiple tumour types. 
Temporality, precision of estimates of effect, biological plausibility and coherence of the
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overall database are considered. Data on biomarkers may be employed in an assessment of 
the biological plausibility of epidemiological observations.

Although rarely available, results from randomized trials that show different rates of 
cancer among exposed and unexposed individuals provide particularly strong evidence for 
causality.

When several epidemiological studies show little or no indication of an association 
between an exposure and cancer, a judgement may be made that, in the aggregate, they show 
evidence of lack of carcinogenicity. Such a judgement requires firstly that the studies meet, to 
a sufficient degree, the standards of design and analysis described above. Specifically, the 
possibility that bias, confounding or misclassification of exposure or outcome could explain 
the observed results should be considered and excluded with reasonable certainty. In addition, 
all studies that are judged to be methodologically sound should (a) be consistent with an 
estimate of effect of unity for any observed level of exposure, (b) when considered together, 
provide a pooled estimate of relative risk that is at or near to unity, and (c) have a narrow 
confidence interval, due to sufficient population size. Moreover, no individual study nor the 
pooled results of all the studies should show any consistent tendency that the relative risk of 
cancer increases with increasing level of exposure. It is important to note that evidence of 
lack of carcinogenicity obtained from several epidemiological studies can apply only to the 
type(s) of cancer studied, to the dose levels reported, and to the intervals between first 
exposure and disease onset observed in these studies. Experience with human cancer 
indicates that the period from first exposure to the development of clinical cancer is 
sometimes longer than 20 years; latent periods substantially shorter than 30 years cannot 
provide evidence for lack of carcinogenicity.

3. Studies of cancer in experimental animals
All known human carcinogens that have been studied adequately for carcinogenicity in 

experimental animals have produced positive results in one or more animal species (Wilbourn 
el a l, 1986; Tomatis et al., 1989). For several agents (e.g. aflatoxins, diethylstilbestrol, solar 
radiation, vinyl chloride), carcinogenicity in experimental animals was established or highly 
suspected before epidemiological studies confirmed their carcinogenicity in humans (Vainio 
et a l, 1995). Although this association cannot establish that all agents that cause cancer in 
experimental animals also cause cancer in humans, it is biologically plausible that agents for 
which there is sufficient evidence o f  carcinogenicity in experimental animals (see Part B, 
Section 6b) also present a carcinogenic hazard to humans. Accordingly, in the absence of 
additional scientific information, these agents are considered to pose a carcinogenic hazard to 
humans. Examples of additional scientific information are data that demonstrate that a given 
agent causes cancer in animals through a species-specific mechanism that does not operate in 
humans or data that demonstrate that the mechanism in experimental animals also operates in 
humans (see Part B, Section 6).

Consideration is given to all available long-term studies of cancer in experimental 
animals with the agent under review (see Part A, Section 4). In all experimental settings, the 
nature and extent of impurities or contaminants present in the agent being evaluated are given 
when available. Animal species, strain (including genetic background where applicable), sex, 
numbers per group, age at start of treatment, route of exposure, dose levels, duration of 
exposure, survival and information on tumours (incidence, latency, severity or multiplicity of 
neoplasms or preneoplastic lesions) are reported. Those studies in experimental animals that 
are judged to be irrelevant to the evaluation or judged to be inadequate (e.g. too short a
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duration, too few animals, poor survival; see below) may be omitted. Guidelines for 
conducting long-term carcinogenicity experiments have been published (e.g. OECD, 2002).

Other studies considered may include: experiments in which the agent was administered 
in the presence of factors that modify carcinogenic effects (e.g. initiation-promotion studies, 
co-carcinogenicity studies and studies in genetically modified animals); studies in which the 
end-point was not cancer but a defined precancerous lesion; experiments on the 
carcinogenicity of known metabolites and derivatives; and studies of cancer in non-laboratory 
animals (e.g. livestock and companion animals) exposed to the agent.

For studies of mixtures, consideration is given to the possibility that changes in the 
physicochemical properties of the individual substances may occur during collection, storage, 
extraction, concentration and delivery. Another consideration is that chemical and 
toxicological interactions of components in a mixture may alter dose-response relationships. 
The relevance to human exposure of the test mixture administered in the animal experiment is 
also assessed. This may involve consideration of the following aspects of the mixture tested:
(i) physical and chemical characteristics, (ii) identified constituents that may indicate the 
presence of a class of substances and (iii) the results of genetic toxicity and related tests.

The relevance of results obtained with an agent that is analogous (e.g. similar in structure 
or of a similar virus genus) to that being evaluated is also considered. Such results may 
provide biological and mechanistic information that is relevant to the understanding of the 
process of carcinogenesis in humans and may strengthen the biological plausibility that the 
agent being evaluated is carcinogenic to humans (see Part B. Section 2f).

(a) Qualitative aspects
An assessment of carcinogenicity involves several considerations of qualitative 

importance, including (i) the experimental conditions under which the test was performed, 
including route, schedule and duration of exposure, species, strain (including genetic 
background where applicable), sex, age and duration of follow-up; (ii) the consistency of the 
results, for example, across species and target organ(s); (iii) the spectrum of neoplastic 
response, from preneoplastic lesions and benign tumours to malignant neoplasms; and (iv) 
the possible role of modifying factors.

Considerations of importance in the interpretation and evaluation of a particular study 
include: (i) how clearly the agent was defined and, in the case of mixtures, how adequately 
the sample characterization was reported; (ii) whether the dose was monitored adequately, 
particularly in inhalation experiments; (iii) whether the doses, duration of treatment and route 
of exposure were appropriate; (iv) whether the survival of treated animals w-as similar to that 
of controls; (v) whether there were adequate numbers of animals per group; (vi) whether both 
male and female animals were used: (vii) whether animals were allocated randomly to 
groups; (viii) whether the duration of observation was adequate; and (ix) whether the data 
were reported and analysed adequately.

When benign tumours (a) occur together with and originate from the same cell type as 
malignant tumours in an organ or tissue in a particular study and (b) appear to represent a 
stage in the progression to malignancy, they are usually combined in the assessment of 
tumour incidence (Huff et al., 1989). The occurrence of lesions presumed to be preneoplastic 
may in certain instances aid in assessing the biological plausibility of any neoplastic response 
observed. If an agent induces only benign neoplasms that appear to be end-points that do not 
readily undergo transition to malignancy, the agent should nevertheless be suspected of being 
carcinogenic and requires further investigation.
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(b) Quantitative aspects
The probability that tumours will occur may depend on the species, sex, strain, genetic 

background and age of the animal, and on the dose, route, timing and duration of the 
exposure. Evidence of an increased incidence of neoplasms with increasing levels of 
exposure strengthens the inference of a causal association between the exposure and the 
development of neoplasms.

The form of the dose-response relationship can vary widely, depending on the particular 
agent under study and the target organ. Mechanisms such as induction of DNA damage or 
inhibition of repair, altered cell division and cell death rates and changes in intercellular 
communication are important determinants of dose-response relationships for some 
carcinogens. Since many chemicals require metabolic activation before being converted to 
their reactive intermediates, both metabolic and toxicokinetic aspects are important in 
determining the dose-response pattern. Saturation of steps such as absorption, activation, 
inactivation and elimination may produce non-linearity in the dose-response relationship 
(Hoel et al., 1983; Gait et al., 1986), as could saturation of processes such as DNA repair. 
The dose-response relationship can also be affected by differences in survival among the 
treatment groups.

(c) Statistical analyses
Factors considered include the adequacy of the information given for each treatment 

group: (i) number of animals studied and number examined histologically, (ii) number of 
animals with a given tumour type and (iii) length of survival. The statistical methods used 
should be clearly stated and should be the generally accepted techniques refined for this 
purpose (Peto et al., 1980: Gart et al., 1986; Portier & Bailer, 1989; Bieler & Williams, 
1993). The choice of the most appropriate statistical method requires consideration of 
whether or not there are differences in survival among the treatment groups; for example, 
reduced survival because of non-tumour-related mortality can preclude the occurrence of 
tumours later in life. When detailed information on survival is not available, comparisons of 
the proportions of tumour-bearing animals among the effective number of animals (alive at 
the time the first tumour was discovered) can be useful when significant differences in 
survival occur before tumours appear. The lethality of the tumour also requires consideration: 
for rapidly fatal tumours, the time of death provides an indication of the time of tumour onset 
and can be assessed using life-table methods; non-fatal or incidental tumours that do not 
affect survival can be assessed using methods such as the Mantel-Haenzel test for changes in 
tumour prevalence. Because tumour lethality is often difficult to determine, methods such as 
the Poly-K test that do not require such information can also be used. When results are 
available on the number and size of tumours seen in experimental animals (e.g. papillomas on 
mouse skin, liver tumours observed through nuclear magnetic resonance tomography), other 
more complicated statistical procedures may be needed (Sherman et al., 1994; Dunson et al., 
2003).

Formal statistical methods have been developed to incorporate historical control data into 
the analysis of data from a given experiment. These methods assign an appropriate weight to 
historical and concurrent controls on the basis of the extent of between-study and within- 
study variability: less weight is given to historical controls when they show a high degree of 
variability, and greater weight when they show little variability. It is generally not appropriate 
to discount a tumour response that is significantly increased compared with concurrent 
controls by arguing that it falls within the range of historical controls, particularly when 
historical controls show high between-study variability and are, thus, of little relevance to the
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current experiment. In analysing results for uncommon tumours, however, the analysis may 
be improved by considering historical control data, particularly when between-study 
variability is low. Historical controls should be selected to resemble the concurrent controls 
as closely as possible with respect to species, gender and strain, as well as other factors such 
as basal diet and general laboratory environment, which may affect tumour-response rates in 
control animals (Haseman el al., 1984; Fung el a/., 1996: Greim el a/., 2003).

Although meta-analyses and combined analyses are conducted less frequently for animal 
experiments than for epidemiological studies due to differences in animal strains, they can be 
useful aids in interpreting animal data when the experimental protocols are sufficiently 
similar.

4. Mechanistic and other relevant data
Mechanistic and other relevant data may provide evidence of carcinogenicity and also 

help in assessing the relevance and importance of findings of cancer in animals and in 
humans. The nature of the mechanistic and other relevant data depends on the biological 
activity of the agent being considered. The Working Group considers representative studies 
to give a concise description of the relevant data and issues that they consider to be 
important; thus, not every available study is cited. Relevant topics may include 
toxicokinetics, mechanisms of carcinogenesis, susceptible individuals, populations and life- 
stages, other relevant data and other adverse effects. When data on biomarkers are 
informative about the mechanisms of carcinogenesis, they are included in this section.

These topics are not mutually exclusive; thus, the same studies may be discussed in more 
than one subsection. For example, a mutation in a gene that codes for an enzyme that 
metabolizes the agent under study could be discussed in the subsections on toxicokinetics, 
mechanisms and individual susceptibility if it also exists as an inherited polymorphism.

(a) Toxicokinetic data
Toxicokinetics refers to the absorption, distribution, metabolism and elimination of agents 

in humans, experimental animals and, where relevant, cellular systems. Examples of kinetic 
factors that may affect dose-response relationships include uptake, deposition, biopersistence 
and half-life in tissues, protein binding, metabolic activation and detoxification. Studies that 
indicate the metabolic fate of the agent in humans and in experimental animals are 
summarized briefly, and comparisons of data from humans and animals are made when 
possible. Comparative information on the relationship between exposure and the dose that 
reaches the target site may be important for the extrapolation of hazards between species and 
in clarify ing the role of in-vitro findings.

(b) Data on mechanisms of carcinogenesis
To provide focus, the Working Group attempts to identify the possible mechanisms by 

which the agent may increase the risk of cancer. For each possible mechanism, a 
representative selection of key data from humans and experimental systems is summarized. 
Attention is given to gaps in the data and to data that suggests that more than one mechanism 
may be operating. The relevance of the mechanism to humans is discussed, in particular, 
when mechanistic data are derived from experimental model systems. Changes in the affected 
organs, tissues or cells can be divided into three non-exclusive levels as described below.
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(i) Changes in physiology
Physiological changes refer to exposure-related modifications to the physiology 

and/or response of cells, tissues and organs. Examples of potentially adverse 
physiological changes include mitogenesis, compensatory ceil division, escape from 
apoptosis and/or senescence, presence of inflammation, hyperplasia, metaplasia and/or 
preneoplasia, angiogenesis, alterations in cellular adhesion, changes in steroidal hormones 
and changes in immune surveillance.

(ii) Functional changes at the cellular level
Functional changes refer to exposure-related alterations in the signalling pathways 

used by cells to manage critical processes that are related to increased risk for cancer. 
Examples of functional changes include modified activities of enzymes involved in the 
metabolism of xenobiotics, alterations in the expression of key genes that regulate DNA 
repair, alterations in cyclin-dependent kinases that govern cell cycle progression, changes 
in the patterns of post-translational modifications of proteins, changes in regulatory 
factors that alter apoptotic rates, changes in the secretion of factors related to the 
stimulation of DNA replication and transcription and changes in gap-junction-mediated 
intercellular communication.

(iii) Changes at the molecular level
Molecular changes refer to exposure-related changes in key cellular structures at the 

molecular level, including, in particular, genotoxicity. Examples of molecular changes 
include formation of DNA adducts and DNA strand breaks, mutations in genes, 
chromosomal aberrations, aneuploidy and changes in DNA methylation patterns. Greater 
emphasis is given to irreversible effects.
The use of mechanistic data in the identification of a carcinogenic hazard is specific to the 

mechanism being addressed and is not readily described for every possible level and 
mechanism discussed above.

Genotoxicity data are discussed here to illustrate the key issues involved in the evaluation 
of mechanistic data.

Tests for genetic and related effects are described in view of the relevance of gene 
mutation and chromosomal aberration/aneuploidy to carcinogenesis (Vainio et a/., 
1992; McGregor el al., 1999). The adequacy of the reporting of sample 
characterization is considered and. when necessary, commented upon; with regard to 
complex mixtures, such comments are similar to those described for animal 
carcinogenicity tests. The available data are interpreted critically according to the end
points detected, which may include DNA damage, gene mutation, sister chromatid 
exchange, micronucleus formation, chromosomal aberrations and aneuploidy. The 
concentrations employed are given, and mention is made of whether the use of an 
exogenous metabolic system in vitro affected the test result. These data are listed in 
tabular form by phylogenetic classification.

Positive results in tests using prokaryotes, lower eukaryotes, insects, plants and 
cultured mammalian cells suggest that genetic and related effects could occur in 
mammals. Results from such tests may also give information on the types of genetic 
effect produced and on the involvement of metabolic activation. Some end-points 
described are clearly genetic in nature (e.g. gene mutations), while others are 
associated with genetic effects (e.g. unscheduled DNA synthesis). In-vitro tests for
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tumour promotion, cell transformation and gap-junction intercellular communication 
may be sensitive to changes that are not necessarily the result of genetic alterations 
but that may have specific relevance to the process of carcinogenesis. Critical 
appraisals of these tests have been published (Montesano et al., 1986; McGregor et 
al., 1999).

Genetic or other activity manifest in humans and experimental mammals is 
regarded to be of greater relevance than that in other organisms. The demonstration 
that an agent can induce gene and chromosomal mutations in mammals in vivo 
indicates that it may have carcinogenic activity. Negative results in tests for 
mutagenicity in selected tissues from animals treated in vivo provide less weight, 
partly because they do not exclude the possibility of an effect in tissues other than 
those examined. Moreover, negative results in short-term tests with genetic end-points 
cannot be considered to provide evidence that rules out the carcinogenicity of agents 
that act through other mechanisms (e.g. receptor-mediated effects, cellular toxicity 
with regenerative cell division, peroxisome proliferation) (Vainio et al.. 1992). 
Factors that may give misleading results in short-term tests have been discussed in 
detail elsewhere (Montesano et al.. 1986; McGregor et al., 1999).

When there is evidence that an agent acts by a specific mechanism that does not involve 
genotoxicity (e.g. hormonal dysrégulation, immune suppression, and formation of calculi and 
other deposits that cause chronic irritation), that evidence is presented and reviewed critically 
in the context of rigorous criteria for the operation of that mechanism in carcinogenesis (e.g. 
Capen et a i, 1999).

For biological agents such as viruses, bacteria and parasites, other data relevant to 
carcinogenicity may include descriptions of the pathology of infection, integration and 
expression o f viruses, and genetic alterations seen in human tumours. Other observations that 
might comprise cellular and tissue responses to infection, immune response and the presence 
of tumour markers are also considered.

For physical agents that are forms of radiation, other data relevant to carcinogenicity may 
include descriptions of damaging effects at the physiological, cellular and molecular level, as 
for chemical agents, and descriptions of how these effects occur. "Physical agents' may also 
be considered to comprise foreign bodies, such as surgical implants of various kinds, and 
poorly soluble fibres, dusts and particles of various sizes, the pathogenic effects of which are 
a result of their physical presence in tissues or body cavities. Other relevant data for such 
materials may include characterization of cellular, tissue and physiological reactions to these 
materials and descriptions of pathological conditions other than neoplasia with which they 
may be associated.

(c) Other data relevant to mechanisms
A description is provided of any structure-activity relationships that may be relevant to 

an evaluation of the carcinogenicity of an agent, the toxicological implications of the physical 
and chemical properties, and any other data relevant to the evaluation that are not included 
elsewhere.

High-output data, such as those derived from gene expression microarrays, and high- 
throughput data, such as those that result from testing hundreds of agents for a single end
point, pose a unique problem for the use of mechanistic data in the evaluation of a 
carcinogenic hazard. In the case of high-output data, there is the possibility to overinterpret 
changes in individual end-points (e.g. changes in expression in one gene) without considering 
the consistency of that finding in the broader context of the other end-points (e.g. other genes
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with linked transcriptional control). High-output data can be used in assessing mechanisms, 
but all end-points measured in a single experiment need to be considered in the proper 
context. For high-throughput data, where the number of observations far exceeds the number 
of end-points measured, their utility for identifying common mechanisms across multiple 
agents is enhanced. These data can be used to identify mechanisms that not only seem 
plausible, but also have a consistent pattern of carcinogenic response across entire classes of 
related compounds.

(d) Susceptibility data
Individuals, populations and life-stages may have greater or lesser susceptibility to an 

agent, based on toxicokinetics, mechanisms of carcinogenesis and other factors. Examples of 
host and genetic factors that affect individual susceptibility include sex, genetic 
polymorphisms of genes involved in the metabolism of the agent under evaluation, 
differences in metabolic capacity due to life-stage or the presence of disease, differences in 
DNA repair capacity, competition for or alteration of metabolic capacity by medications or 
other chemical exposures, pre-existing hormonal imbalance that is exacerbated by a chemical 
exposure, a suppressed immune system, periods of higher-than-usual tissue growth or 
regeneration and genetic polymorphisms that lead to differences in behaviour (e.g. addiction). 
Such data can substantially increase the strength of the evidence from epidemiological data 
and enhance the linkage of in-vivo and in-vitro laboratory studies to humans.

(e) Data on other adverse effects
Data on acute, subchronic and chronic adverse effects relevant to the cancer evaluation 

are summarized. Adverse effects that confirm distribution and biological effects at the sites of 
tumour development, or alterations in physiology that could lead to tumour development, are 
emphasized. Effects on reproduction, embryonic and fetal survival and development are 
summarized briefly. The adequacy of epidemiological studies of reproductive outcome and 
genetic and related effects in humans is judged by the same criteria as those applied to 
epidemiological studies of cancer, but fewer details are given.

5. Summary
This section is a summary of data presented in the preceding sections. Summaries can be 

found on the Monographs programme website (http://monographs.iarc.fr).

(a) Exposure data
Data are summarized, as appropriate, on the basis of elements such as production, use, 

occurrence and exposure levels in the workplace and environment and measurements in 
human tissues and body fluids. Quantitative data and time trends are given to compare 
exposures in different occupations and environmental settings. Exposure to biological agents 
is described in terms of transmission, prevalence and persistence of infection.

(b) Cancer in humans
Results of epidemiological studies pertinent to an assessment of human carcinogenicity 

are summarized. When relevant, case reports and correlation studies are also summarized. 
The target organ(s) or tissue(s) in which an increase in cancer was observed is identified. 
Dose-response and other quantitative data may be summarized when available.

http://monographs.iarc.fr
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1 (c) Cancer in experimental animals

2 Data relevant to an evaluation of carcinogenicity in animals are summarized. For each
3 animal species, study design and route of administration, it is stated whether an increased
4 incidence, reduced latency, or increased severity or multiplicity of neoplasms or
5 preneoplastic lesions were observed, and the tumour sites are indicated. If the agent produced
6 tumours after prenatal exposure or in single-dose experiments, this is also mentioned.
7 Negative findings, inverse relationships, dose-response and other quantitative data are also
8 summarized.

9 (d) Mechanistic and other relevant data

10 Data relevant to the toxicokinetics (absorption, distribution, metabolism, elimination) and
11 the possible mechanism(s) of carcinogenesis (e.g. genetic toxicity, epigenetic effects) are
12 summarized. In addition, information on susceptible individuals, populations and life-stages
13 is summarized. This section also reports on other toxic effects, including reproductive and
14 developmental effects, as well as additional relevant data that are considered to be important.

15 6. Evaluation and rationale
16 Evaluations of the strength of the evidence for carcinogenicity arising from human and
17 experimental animal data are made, using standard terms. The strength of the mechanistic
18 evidence is also characterized.

19 It is recognized that the criteria for these evaluations, described below, cannot encompass
20 all of the factors that may be relevant to an evaluation of carcinogenicity. In considering all
21 of the relevant scientific data, the Working Group may assign the agent to a higher or lower
22 category than a strict interpretation of these criteria would indicate.

23 These categories refer only to the strength of the evidence that an exposure is
24 carcinogenic and not to the extent of its carcinogenic activity (potency). A classification may
25 change as new information becomes available.

26 An evaluation of the degree of evidence is limited to the materials tested, as defined
27 physically, chemically or biologically. When the agents evaluated are considered by the
28 Working Group to be sufficiently closely related, they may be grouped together for the
29 purpose of a single evaluation of the degree of evidence.

30 (a) Carcinogenicity in humans

31 The evidence relevant to carcinogenicity from studies in humans is classified into one of
32 the following categories:

33 Sufficient evidence o f  carcinogenicity: The Working Group considers that a causal
34 relationship has been established between exposure to the agent and human cancer. That
35 is, a positive relationship has been observed between the exposure and cancer in studies
36 in which chance, bias and confounding could be ruled out with reasonable confidence. A
37 statement that there is su ffic ien t e v id e n c e  is followed by a separate sentence that identifies
38 the target organ(s) or tissue(s) where an increased risk of cancer was observed in humans.
39 Identification of a specific target organ or tissue does not preclude the possibility that the
40 agent may cause cancer at other sites.

41 Limited evidence o f carcinogenicity: A positive association has been observed between
42 exposure to the agent and cancer for which a causal interpretation is considered by the
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Working Group to be credible, but chance, bias or confounding could not be ruled out 
with reasonable confidence.

Inadequate evidence o f carcinogenicity: The available studies are of insufficient quality, 
consistency or statistical power to permit a conclusion regarding the presence or absence 
of a causal association between exposure and cancer, or no data on cancer in humans are 
available.

Evidence suggesting lack o f  carcinogenicity. There are several adequate studies covering the 
full range of levels of exposure that humans are known to encounter, which are mutually 
consistent in not showing a positive association between exposure to the agent and any 
studied cancer at any observed level of exposure. The results from these studies alone or 
combined should have narrow confidence intervals with an upper limit close to the null 
value (e.g. a relative risk of 1.0). Bias and confounding should be ruled out with 
reasonable confidence, and the studies should have an adequate length of follow-up. A 
conclusion of evidence suggesting lack o f carcinogenicity is inevitably limited to the 
cancer sites, conditions and levels of exposure, and length of observation covered by the 
available studies. In addition, the possibility of a very small risk at the levels of exposure 
studied can never be excluded.
In some instances, the above categories may be used to classify the degree of evidence 

related to carcinogenicity in specific organs or tissues.
When the available epidemiological studies pertain to a mixture, process, occupation or 

industry, the Working Group seeks to identify the specific agent considered most likely to be 
responsible for any excess risk. The evaluation is focused as narrowly as the available data on 
exposure and other aspects permit.

(b) Carcinogenicity' in experimental animals
Carcinogenicity in experimental animals can be evaluated using conventional bioassays, 

bioassavs that employ genetically modified animals, and other in-vivo bioassays that focus on 
one or more of the critical stages of carcinogenesis. In the absence of data from conventional 
long-term bioassays or from assays with neoplasia as the end-point, consistently positive 
results in several models that address several stages in the multistage process of 
carcinogenesis should be considered in evaluating the degree of evidence of carcinogenicity 
in experimental animals.

The evidence relevant to carcinogenicity in experimental animals is classified into one of 
the following categories:
Sufficient evidence o f carcinogenicity: The Working Group considers that a causal 

relationship has been established between the agent and an increased incidence of 
malignant neoplasms or of an appropriate combination of benign and malignant 
neoplasms in (a) two or more species of animals or (b) two or more independent studies 
in one species carried out at different times or in different laboratories or under different 
protocols. An increased incidence of tumours in both sexes of a single species in a well- 
conducted study, ideally conducted under Good Laboratory Practices, can also provide 
sufficient evidence.
A single study in one species and sex might be considered to provide sufficient evidence 
o f carcinogenicity when malignant neoplasms occur to an unusual degree with regard to 
incidence, site, type of tumour or age at onset, or when there are strong findings of 
tumours at multiple sites.
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Limited evidence o f carcinogenicity: The data suggest a carcinogenic effect but are limited 
for making a definitive evaluation because, e.g. (a) the evidence of carcinogenicity is 
restricted to a single experiment; (b) there are unresolved questions regarding the 
adequacy of the design, conduct or interpretation of the studies; (c) the agent increases the 
incidence only of benign neoplasms or lesions of uncertain neoplastic potential; or (d) the 
evidence of carcinogenicity is restricted to studies that demonstrate only promoting 
activity in a narrow range of tissues or organs.

Inadequate evidence o f  carcinogenicity: The studies cannot be interpreted as showing either 
the presence or absence of a carcinogenic effect because of major qualitative or 
quantitative [imitations, or no data on cancer in experimental animals are available.

Evidence suggesting lack o f  carcinogenicity: Adequate studies involving at least two species 
are available which show that, within the limits of the tests used, the agent is not 
carcinogenic. A conclusion of evidence suggesting lack o f carcinogenicity is inevitably 
limited to the species, tumour sites, age at exposure, and conditions and levels of 
exposure studied.

(c) Mechanistic and other relevant data

Mechanistic and other evidence judged to be relevant to an evaluation of carcinogenicity 
and of sufficient importance to affect the overall evaluation is highlighted. This may include 
data on preneoplastic lesions, tumour pathology, genetic and related effects, structure- 
activity relationships, metabolism and toxicokinetics, physicochemical parameters and 
analogous biological agents.

The strength of the evidence that any carcinogenic effect observed is due to a particular 
mechanism is evaluated, using terms such as 'weak', ‘moderate' or ‘strong’. The Working 
Group then assesses whether that particular mechanism is likely to be operative in humans. 
The strongest indications that a particular mechanism operates in humans derive from data on 
humans or biological specimens obtained from exposed humans. The data may be considered 
to be especially relevant if they show that the agent in question has caused changes in 
exposed humans that are on the causal pathway to carcinogenesis. Such data may, however, 
never become available, because it is at least conceivable that certain compounds may be 
kept from human use solely on the basis of evidence of their toxicity and/or carcinogenicity 
in experimental systems.

The conclusion that a mechanism operates in experimental animals is strengthened by 
findings of consistent results in different experimental systems, by the demonstration of 
biological plausibility and by coherence of the overall database. Strong support can be 
obtained from studies that challenge the hypothesized mechanism experimentally, by 
demonstrating that the suppression of key mechanistic processes leads to the suppression of 
tumour development. The Working Group considers whether multiple mechanisms might 
contribute to tumour development, whether different mechanisms might operate in different 
dose ranges, whether separate mechanisms might operate in humans and experimental 
animals and whether a unique mechanism might operate in a susceptible group. The possible 
contribution of alternative mechanisms must be considered before concluding that tumours 
observed in experimental animals are not relevant to humans. An uneven level of 
experimental support for different mechanisms may reflect that disproportionate resources 
have been focused on investigating a favoured mechanism.

For complex exposures, including occupational and industrial exposures, the chemical 
composition and the potential contribution of carcinogens known to be present are considered 
by the Working Group in its overall evaluation of human carcinogenicity'. The Working
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Group also determines the extent to which the materials tested in experimental systems are 
related to those to which humans are exposed.

(d) Overall evaluation
Finally, the body of evidence is considered as a whole, in order to reach an overall 

evaluation of the carcinogenicity of the agent to humans.
An evaluation may be made for a group of agents that have been evaluated by the 

Working Group. In addition, when supporting data indicate that other related agents, for 
which there is no direct evidence of their capacity to induce cancer in humans or in animals, 
may also be carcinogenic, a statement describing the rationale for this conclusion is added to 
the evaluation narrative; an additional evaluation may be made for this broader group of 
agents if the strength of the evidence warrants it.

The agent is described according to the wording of one of the following categories, and 
the designated group is given. The categorization of an agent is a matter of scientific 
judgement that reflects the strength of the evidence derived from studies in humans and in 
experimental animals and from mechanistic and other relevant data.

Group 1: The agent is carcinogenic to humans.

This category is used when there is sufficient evidence o f carcinogenicity in humans. 
Exceptionally, an agent may be placed in this category when evidence of carcinogenicity 
in humans is less than sufficient but there is sufficient evidence o f carcinogenicity in 
experimental animals and strong evidence in exposed humans that the agent acts through 
a relevant mechanism of carcinogenicity.

Group 2.
This category includes agents for which, at one extreme, the degree of evidence of 

carcinogenicity in humans is almost sufficient, as well as those for which, at the other 
extreme, there are no human data but for which there is evidence of carcinogenicity in 
experimental animals. Agents are assigned to either Group 2A (probably carcinogenic to 
humans) or Group 2B (possibly carcinogenic to humans) on the basis of epidemiological 
and experimental evidence of carcinogenicity and mechanistic and other relevant data. 
The terms probably carcinogenic and possibly carcinogenic have no quantitative 
significance and are used simply as descriptors of different levels of evidence of human 
carcinogenicity, with probably carcinogenic signifying a higher level of evidence than 
possibly carcinogenic.

Group 2A: The agent is probably carcinogenic to humans.

This category is used when there is limited evidence o f carcinogenicity in humans and 
sufficient evidence o f  carcinogenicity in experimental animals. In some cases, an agent 
may be classified in this category when there is inadequate evidence o f carcinogenicity in 
humans and sufficient evidence o f carcinogenicity in experimental animals and strong 
evidence that the carcinogenesis is mediated by a mechanism that also operates in 
humans. Exceptionally, an agent may be classified in this category solely on the basis of 
limited evidence o f carcinogenicity in humans. An agent may be assigned to this category 
if it clearly belongs, based on mechanistic considerations, to a class of agents for which 
one or more members have been classified in Group 1 or Group 2A.
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Group 2B: The agent is possibly carcinogenic to humans.

This category is used for agents for which there is limited evidence o f  carcinogenicity 
in humans and less than sufficient evidence o f  carcinogenicity in experimental animals. It 
may also be used when there is inadequate evidence o f  carcinogenicity in humans but 
there is sufficient evidence o f carcinogenicity in experimental animals. In some instances, 
an agent for which there is inadequate evidence o f carcinogenicity in humans and less 
than sufficient evidence o f  carcinogenicity in experimental animals together with 
supporting evidence from mechanistic and other relevant data may be placed in this 
group. An agent may be classified in this category solely on the basis of strong evidence 
from mechanistic and other relevant data.

Group 3: The agent is not classifiable as to its carcinogenicity to humans.

This category is used most commonly for agents for which the evidence of 
carcinogenicity is inadequate in humans and inadequate or limited in experimental 
animals.

Exceptionally, agents for which the evidence of carcinogenicity is inadequate in 
humans but sufficient in experimental animals may be placed in this category when there 
is strong evidence that the mechanism of carcinogenicity in experimental animals does 
not operate in humans.

Agents that do not fall into any other group are also placed in this category.
An evaluation in Group 3 is not a determination of non-carcinogenicity or overall 

safety. It often means that further research is needed, especially when exposures are 
widespread or the cancer data are consistent with differing interpretations.

Group 4: The agent is probably not carcinogenic to humans.

This category is used for agents for which there is evidence suggesting lack o f  
carcinogenicity in humans and in experimental animals. In some instances, agents for 
which there is inadequate evidence o f  carcinogenicity in humans but evidence suggesting 
kick o f  carcinogenicity in experimental animals, consistently and strongly supported by a 
broad range of mechanistic and other relevant data, may be classified in this group.

(e) Rationale
The reasoning that the Working Group used to reach its evaluation is presented and 

discussed. This section integrates the major findings from studies of cancer in humans, 
studies of cancer in experimental animals, and mechanistic and other relevant data. It 
includes concise statements of the principal line(s) of argument that emerged, the conclusions 
of the Working Group on the strength of the evidence for each group of studies, citations to 
indicate which studies were pivotal to these conclusions, and an explanation of the reasoning 
of the Working Group in weighing data and making evaluations. When there are significant 
differences of scientific interpretation among Working Group Members, a brief summary of 
the alternative interpretations is provided, together with their scientific rationale and an 
indication of the relative degree of support for each alternative.
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2 7  Vainio, H.. W ilbourn, J.D .. Sasco, A.J., Partensky. C„ Gaudin, N ., H eseltine, E. & Eragne, I. (1995)
28 [Identification o f  human carcinogenic risk in IARC M onographs.] Bull. Cancer. 82. 3 3 9 -3 4 8  (in French)

29 V ineis, P.. M alats, N „  Lang, M „ d’Errico, A .. Caporaso, N ., C uzick, J. & Boffetta, P„ eds (1 9 9 9 ) Metabolic
30 Polymorphisms and Susceptibility to Cancer (IA RC Scien tific  Publications N o . 148), Lyon, (ARC

3 1 W ilbourn. J.. Haroun. L., H eseltine. E., Kaldor, J., Partensky. C. & V ainio, H. (1986) R esponse o f  experimental
3 2  anim als to human carcinogens: an analysis based upon the IARC M onographs Programme. Carcinogenesis,
3 3  7 ,1 8 5 3 -1 8 6 3

34



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 193 of 398
i r  it i'i i in mi

004380

X  . T ^ - Y  p  B g , U-p^? ,

J-ty  v£-i- ^  y to -S  ¡¿nJarJ,

-P * L xr r\̂ S %f yrvcft-iv/l' A x — pe^«J  ~f~tX<' e&k)

t> ̂ iCS. v

X  - | W  4 ^-* - - fW, ^ -v v iD

VV\- ̂  C ^ • ,p L to O v X i

!ocUv\v~J-^ .’ y ^ o X c iX ' t>-w

W'-AJ p v 'o ^ A  fc-'f i ?>*.s [ „ , r fy\&  «A
■ r

( r v t  o p l X .  .

H

|^ \  Xtivv^jyoU5̂

U - c ^ t  i'\ Y  '
/

A '/'VS' /

V

(_*?- '.-■ ¡3. ¿vL-i <3-is.

T C \ l P ' “

tQvy

t V A s J r U

V1 ^ c c ^ i W ^

Q - L  ^  L s 4 > 6 -$ &  "

)' r \  a _  ¿ . : £  ^ W *  Q j ^ O t  K ^ O -  ’• 1 4 ~ < j~
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From:
To:
Subject:
Date:

Ross. M atthew
Aiavania. Michael CNIH/NCll tf-1 
Re: Retirement announcement 
Thursday, October 1, 2015 6:49:55 PM

Hi Michael,

I just wanted to send along my best w ishes to you on the next adventure you are embarking 
on. I have to admit I was a bit stunned by your email, but trust it will be a rewarding next 
step.

Indeed, the AI IS work had a prominent role at the IARC meeting I attended. The glyphosate 
issue kind of blew up after we had finished and left. Although it was the rodent cancer 
bioassays in the case of glyphosate that was really the most controversial issue for glyphosate.

Anyway. I wish you all the best. And I hope our paths may cross again at some future meeting 
— it was pleasure working with you.

Best regards.

Dear friends and colleagues.

I wanted to inform you that I would be retiring from NCI on October

Agricultural Health Study (AHS) over your many years of service on 
the AHS Advisory Group. Some of you may even remember, (before 
we gave our first interview on December 12, 1993) the many 
obstacles we had to overcome before we received funding, state 
approvals, and partnership with NIEHS, the USEPA and later NIOSH. 
Your help was critical.

Judging by the prominent role AHS papers have played in two recent 
International Agency for Research on Cancer (IARC) monograph 
meetings in 2015, we can now say the rigorous AHS research is 
being translated into international public health guidance and 
policy. The IARC monographs will be available in 2016. Additional 
IARC monograph meetings on pesticides are planned for the years

Matt

On Oct 1, 2015. at 8:44 AM. Alavanja. Michael (NIH/NCI) [Ej
wrote:

16th. I also wanted to thank you for your contributions to the
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ahead. I am sure AHS research will continue to be very influential at 
these meetings as well.

I believe the best years for AHS research still lie ahead as the cohort 
ages into the 'cancer prone years'. The NCI work on AHS will now be 
expertly led by Dr. Laura Bean-Freeman and Dr. Jonathan Hofmann.

I will continue to work on a dozen or so AHS papers while serving as 
a faculty member at Hood College, in Frederick, MD (a position I also 
held for the past 25 years).

As of October 17th, my new contact information will be:

My sincere best wishes and gratitude,

Michael

Michael C.R. Alavanja, Dr.P.H.
Senior Investigator,
Division of Cancer Epidemiology and Genetics, 
National Cancer Institute,
9609 Medical Center Drive, Rm 6E602 
Rockville, Maryland 20892, USA
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From:
To:
Cc:
Subject:
Date:
Attachments:

Rusvn, Ivan 
Kathrvn Guyton

RE: IARC Meeting IT  
Friday, February 27, 2015 8:39:56 AM 
greim 2015 early online.pdf

_____ Lf CURIEUX Frank
eference List for Glyphosate

Kate,
Thank you. This is an interesting polemical piece. It does not surprise me that when under pressure, 
the industry can muster a "relevant" publication that goes from submission to acceptance in as little 
as 7 weeks. Kudos to CRT, a known helper to "informative" publications from the industry 
stakeholders, for such expediency and relevance.

As I looked through the paper, I believe the most interest in its facts (not conclusions) should be 
taken by sub-group 3, not group 4. However, I cc here Matt, Matt and Frank so they take a look at 
small vignettes that are relevant to their sub-sections. There is no other "mechanistic" data in here 
that warrants attention. I am confident that the IARC monograph will be much more comprehensive 
and balanced.

Ivan

From: Kathryn Guyton|_______________
Sent: Friday, February 27, 2015 8:14 AM 
To: Rusyn, Ivan
Subject: FW: IARC Meeting 112 Reference List for Glyphosate

Bonjour Professor,
FYI. Do let us know if there are new references you'd like to include from this recent review. 
Best,
Kate

From: <FARMER>, "DONNA R [AG/1000]"
Date: Friday 27 February 2015 14:25 
To: Kate Guyton 
Subject: RE: IARC Meeting 112 Reference List for Glyphosate

Dear Kate,

I am so sorry the link didn't work.

I have attached the PDF.

Regards,

Donna
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From: Kathryn Guyton I 2 9 H C K 9 C 7 B E B  
Sent: Friday, February 27, 2015 4:38 AM 
To: FARMER, DONNA R [AG/1000]
Subject: Re: IARC Meeting 112 Reference List for Glyphosate

Dear Donna,

We find the link doesn't work— might you be able to send a PDF? 
Thank you,
Best regards,
Kate
Kate Z. Guyton PhD DABT
Responsible Officer, Volume 112 
Monographs Section
International Agency for Research on Cancer 
150, cours Albert Thomas 
69372 Lyon Cedex 08 
France

From: <FARMER>, "DONNA R [AG/1000]"
Date: Thursday 26 February 2015 19:14
To: Kate Guyton w d
Subject: RE: IARC Meeting 112 Reference List for Glyphosate

Dear Dr. Guyton,

I wanted to bring to your attention that one of references/publications (Greim et al, 2015) I 
provided to you that was "in press" and has now be published. This published version has 
been updated to reflect the revisions in the RAR from the BfR that was posted in January 
2015 as discussed below.

Please replace the galley proof with the published version that can be accessed in the link 
below.

Filename: grehn_2015_early_online.pdf (link)

Regards,

Donna
From: FARMER, DONNA R [AG/1000]
Sent: Friday, F e b r u a i ^ 6 ^ 0 ^ ^ 3 ^ t ^ ^ ^ ^
To: 'Kathryn G uyton'BP3j@ 955B33BQ E^ti
Subject: RE: IARC M e e h n ^ n ^e fe re n c^sFfo r Glyphosate
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Dear Dr. Guyton,

Thank you for your reply.

Yes I did receive your acknowledgement of February 3rd -  see our exchange of 
emails below the one I sent you yesterday.

Regards,

Donna

From: FARMER, DONNA R [AG/1000]
Sent: Thursday, F e b ru a i^ 0 ^ ? ^ ^ 3 ^ ^ ^ ^ ^
To: 'Kathryn Guyton';^^ ^ j§j^ j ^ fe ^ |^ ^ |
Subject: RE: IARC Meetm^^^Tererenc^Ust for Glyphosate

Dear Dr. Guyton,

The references In the list I sent you Monday are publicly available however 
for your convenience I tried to send you a zip file of the copies of the 

references by IntraLinks Courier™ (a file transfer service). You should have • 
received a separate email with information on how to retrieve the file. As I 
have not heard from you I assume you have not received this email and 
therefore not able to access the zip file. As an alternative to providing you 
copies of those references, this afternoon I have had a Kingston Flash Drive 
with the zip file sent to you via FedEx International Priority and it should be 
there typically in two business days.

Also you may or may not be aware that glyphosate is currently undergoing 
Annex I Renewal, the dossier for this review was submitted in May of 2012 
and the draft Renewal Assessment Report (RAR) was made available 
December 2013. This RAR is publicly available by request on the European 
Food Standard Authorities (EFSA) web site httn://riar.efsa.europa.eu/dar- 
web/provision.

Germany is the rapporteur Member State (RMS) for this renewal and I would 
like to bring to your attention that we have just been notified that the 
Germany Federal Institute for Risk Assessment (BfR) has uploaded a revised 
RAR to the EFSA Extranet for further consideration in the EFSA Pesticides 
Peer Review Experts' Meetings. In addition they have also sent the RAR to 
the European Commission, the Co-RMS Slovakia and the applicant 
(Glyphosate Task Force).

Included in the reference list I sent you Monday and in the zip file are two 
extracted sections from the 2013 RAR:
• Germany Federal Institute for Risk Assessment (BfR) Assessment Report
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Glyphosate Annex B 6.5.3 Published data on carcinogenicity.
• Germany Federal Institute for Risk Assessment (BfR) Assessment Report 
Glyphosate Annex B 6.4 Published data on genotoxicity.

When the revised RAR becomes publicly available I will provide any updated 
information.

Again please don't hesitate to contact me if you have any questions or if I 
can be of any assistance.

Warmest regards,

Donna
***********************************

Donna R. Farmer, Ph.D.
Product Protection and Nutrition Lead 
Toxicology and Nutrition Center 
Monsanto Company 
800 North Lindbergh Blvd.
Mail Zone 02G
St. Louis, Missouri 63167

From: Kathryn Guyton |_________________
Sent: Tuesday, February 03, 2015 4:47 AM 
To: FARMER, DONNA R [AG/1000];r  
Subject: Re: IARC Meeting 112 Reference Lis

Dear Ms. Farmer,

Many thanks for the information you have sent. We will provide 
the appropriate scientific articles to the Working Group 
according to our procedures.

Best regards,
Kate
Kate Z. Guyton PhD DABT
Responsible Officer, Volume 112 
Monographs Section
International Agency for Research on Cancer 
150, cours Albert Thomas 
69372 Lyon Cedex08 
France



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 203 of 398

005039

Date: Tuesday 3 February 2015 01:48________________
To:
Subject: IARC Meeting 112 Reference List for Glyphosate 

Dear Dr. Guyton,

Please find attached a list of references that Monsanto would 
like to submit for the Meeting 112 regarding the active 
ingredient glyphosate.

Please don't hesitate to contact me if you have any questions. 

Regards,

Donna
***************************************

Donna R. Farmer, Ph.D.
Product Protection and Nutrition Lead 
Toxicology and Nutrition Center 
Monsanto Company 
800 North Lindbergh Blvd.
Mail Zone 02G
St. Louis, Missouri 63167

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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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.

This message and its attachments are strictly confidential. If  you 
are not
the intended recipient o f this message, please immediately notify 
the sender
and delete it. Since its integrity cannot be guaranteed, its 
content cannot
involve the sender's responsibility. Any misuse, any disclosure or 
publication
o f its content, either whole or partial, is prohibited, exception 
made o f
form ally approved use.
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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 A_sset Controls (OFAC). As a recipient of this information you are obligated to comply with all applicable U.S. export laws and regulations.

This m essa g e  an d  iis a ttach m en ts a re  s tr ic tly  confidentia l. I f  y o u  a re  n ot 
the in ten d ed  rec ip ien t o f  th is m essage, p le a s e  im m ed ia te ly  n otify  the sen d er  
a n d  d e le te  it. S in ce  its in teg rity  can n o t b e  g u aran teed , its con ten t cannot 
in vo lve  th e  sen der's respon sib ility . A n y  m isuse, an y  d isc lo su re  o r  p u b lica tio n  
o f  its  conten t, e ith er  w h o le  o r  p a r tia l, is p ro h ib ited , exception  m ade o f  

fo r m a lly  a p p ro v e d  use.

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.
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, potentiallyincluding but not limited to the Export Administration Regulations (EAR) and sanctions regulations issued by the U.S. Department ofTreasury, Office of Foreign Asset Controls (OFAC). As a recipient of this
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information you are obligated to comply with all applicable U.S. export laws and regulations.
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Thoughts on EFSA Response (see NumberedEFSAResponse)

11-13: The CLP classification system is almost identical to the IARC classification 
system. In these three paragraphs, they are confusing classification with risk 
assessment. Classification level lb  (ECHA) is almost identical to IARC Classification 
2A.

16: The constant use of 6000 pages is misleading; the portion of this document on 
cancer is much smaller but not easy to quantify because the evaluations are at 
multiple locations. Maybe as much as 400 pages total.

18: See this article, just published. httn://corporateeurope.org/food-and- 
agriculture/2016/01/eu-review-weedkiller-glvphosate-adds-secrecv-controversy

19: After carefully reading the current RAR, they may be correct in saying that IARC 
could have used these data; however, second guessing this at this time is wasted 
effort.

25-29: I have removed most references to BFR in the editorial, sticking mostly with 
EFSA and RAR. The BFR Addendum is still mentioned becuase of the argument 
being made in certain parts.

30: Here is the full ECHA Classification Criteria (ECHA 2015)

CATEGORY 1: 
Category 1A: 
Category IB:

Known or presumed human carcinogens 
A substance is classified in Category 1 for 
carcinogenicity on the basis of 
epidemiological and/or animal data. A 
substance may be further distinguished as: 
Category 1A, known to have carcinogenic 
potential for humans, classification is largely 
based on human evidence, or

itegory IB, presumed to have carcinogenic 
lotential for humans, classification is largely 
)ased on animal evidence.

The classification in Category 1A and IB is 
based on strength of evidence together with 
additional considerations (see section 
3.6.2.2). Such evidence may be derived 
from:
-  „human studies that establish a causal 
relationship between human exposure to a 
substance and the development of cancer 
(known human carcinogen); or 
-Janimal experiments for which there 
sufficient CD evidence to demonstrate

re is 
te
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animal carcinogenicity (presumed human 
carcinogenf

In addition, on a case-by-case basis, 
scientific judgement may warrant a decision 
of presumed human carcinogenicity derived 
from studies showing limited evidence of 
carcinogenicity in humans together with 
limited evidence of carcinogenicity in 
experimental animals.

CATEGORY 2: Suspected human carcinogens
The placing of a substance in Category 2 is 
done on the basis of evidence obtained from 
human and/or animal studies, but which is 
not sufficiently convincing to place the 
substance in Category 1A or IB, based on 
strength of evidence together with 
additional considerations (see section 
3.6.2.2], Such evidence may be derived 
either from limited(l) evidence of 
carcinogenicity in human studies or from 
limited

37, 43-44: Their interpretation of the meta-analysis is contradictory to their 
argument. It suggests a very limited understanding of the issues involved.

39: There is no category of "very limited" in their guidance documents. From the 
ECHA (2015) guidance, does this look familiar?

Carcinogenicity in humans
The evidence relevant to carcinogenicity from studies in humans is classified into 
one of the following categories:
-  sufficient evidence of carcinogenicity: a causal relationship has been established 
between exposure to the agent and human cancer. That is, a positive relationship 
has been observed between the exposure and cancer in studies in which chance, 
bias and confounding could be ruled out with reasonable confidence;
-  limited evidence of carcinogenicity: a positive association has been observed 
between exposure to the agent and cancer for which a causal interpretation is 
considered to be credible, but chance, bias or confounding could not be ruled out 
with reasonable confidence.

46: This is better addressed in the Editorial.

49-50, 61:1 searched all of the documents for "historical" to see if I could
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understand what they are referring to. In several cases in the text added by the 
EFSA Review, they mention obtaining historical controls from the same laboratory, 
but provide absolutely no details. For example "Although the increase in lymphoma 
incidence in the study by (XXXXX 2001, [25]] was statistically significant in both 
sexes, it was still within the (small) historical control range of the performing 
laboratory for females. No evidence of a similar effect in female mice was obtained 
in any other study.” The only detailed historical control evaluation is the BfR 
Addendum. I have altered the Editorial text to reflect this.

52-53: While I would argue that this is true in epidemiological studies, 1 firmly 
disagree with this argument for the animal studies, for the obvious reasons. If you 
do a study where you control everything to be the same except dose, and you use 
multiple doses, you are looking for a pattern with respect to those doses. Hence, a 
dose-response evaluation, like a trend test, is most appropriate and more powerful. 
In addition, they discard effects at multiple points in the document because the 
effect was only seen at low doses. The logic here is silly.

57: Hmmm, evidence of renal tumors in three mouse studies, hemangiosarcoma in 
two mouse studies and malignant lymphoma in two mouse studies out of five 
studies is not consistent evidence? In addition, if I have inconsistent results, say one 
positive and one negative study, why do 1 presume the negative finding is the 
correct interpretation?

58-59:1 can find no reports of hyperplasia of any kind in kidney. It is not clear to me 
why the findings in the liver, bladder, etc. support this statement?

65: 1997 was positive for trend. 2009 was an 18 month study with a 5-fold lower 
dose. 1993 is in an unknown substrain, 24 months at a 4-fold lower dose.

66: It is hard to see where this infection issue is coming from. The RAR says this 
about this study:

The high background incidence of malignant lymphoma in Swiss mice was 
confirmed in a literature search that was performed by the RMS on request of the 
Pesticides Peer Review 125 expert meeting. Its results are given in detail in Vol. 3 
(B.6.5.2). According to older articles, control incidences in male mice of Swiss or 
Swiss-derived strains may reach 18-27.5 % and exceed 36 % in females (Sher,
1974, Z22020; Roe and Tucker, 1974, ASB2015-2534; Tucker, 1979, Z83266). Even 
though these historical rates were still lower than what was seen in the study by 
(2001, ASB2012-11491) at least at the higher dose levels, they provide clear proof 
that Swiss mice are prone to developing lymphoreticular tumours. In a more recent 
publication, Tadesse-Heath et al. (2000, ASB2015-2535) even mentioned a nearly 
50% lymphoma (mostly of B cell orgin) incidence in a colony of CFW Swiss mice.
The latter authors emphasised the contribution of widespread infections with 
murine oncogenic viruses to the high but remarkably variable incidence of tumours 
of the lymphoreticular system. No information is available on possible abundance of
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such viruses in the mouse colonies from which the animals used in the glyphosate 
studies were obtained.

1 have extracted the relevant 10 pages from the RAR and included them here [Swiss 
Mouse Study.pdf). The actual study (better formatted) is in the RAR pages 1013 to 
1023 in your PDF Viewer (not as numbered by the EFSA). Anyway, it appears to me 
that they speculate about this, but there is no indication of such an infection in these 
animals in this study. They even say toward the end “It is not known to which 
extent such a latent infection might have contributed to lymphoma incidences 
reported earlier or even in the studies described in this RAR,"

The EFSA Peer_Review document says "The study was re-considered during the 
second experts' teleconference (TC 117) as not acceptable due to viral infections 
that could influence survival as well as tumour incidence -  especially lymphomas.” I 
can find no description of this meeting or the evidence.
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13 January 2016
R e f 61 im¿  a  6 )  -  o u t  5 1 2 4 2 3 3

Prof. Christopher 3, Portier 
Senior Contributing Scientist 
environmental Defense Fund 
1875 Connecticut Ave NVY, Ste 600 
Washington, DC 20009 
United States of America

exh ibit

S u b je c t;  O pen  le tte r;  R e v ie w  o f  the  C a rc in o g e n ic ity  o f G iy p h o sa te  by EPS A  
a ltd  B fR

Dear Professor Portier,

First of all, I would like to thank you for sight of the open letter dated November 
2015 which you sent to the EU Commissioner for Health and food Safety Vytenis 
Andriukaitis regarding EFSA's recent re-assessment of giyphosate. I am writing 
directly to you and to the co-signatories of your letter, with whom I trust you wilt 
share my response.
I wouid first like to address some of the general points you raise, particularly 
regarding the regulatory process for the peer review of pesticides in the European 
Union and the transparency of that process.
Enclosed is also an Annex that gives detailed answers tc the scientific questions you 
raised in your letter. These include, for example, explanations on the evidence from 
animal carcinogen ¡city studies, EFSA's interpretation of the turners: repo ted in the 
IARC monograph, and mechanistic information.
I would like to make one over-riding point. Giyphosate is currently a keenly 
debated issue, which makes it especially incumbent on those of us involved in its 
evaluation to describe dearly the legal frameworks in which we work. In that way, 
we avoid confusing the policy makers who rely on our advice and the general public 
who depend on us to maintain the highest standards ¡n protecting public health.
IA R C  a s s e s s m e n t  a s  a p o s s ib le  f ir s t  ¿step in a fu l l a s s e s s m e n t

As the WHO states on its website in the Preamble to the IARC Monographs, ¿ARC 
evaluations can represent a first step in carcinogen risk assessment to be 
considered -  if available -  by national and international authorities such as EFSA 
when carrying out their own assessments.
I agree that IARC carries out an important role in the screen ng assessment of the 
carcinogenic potential of agents. However, we should not compare this first 
screening assessment with the more comprehensive hazard assessment done by 
authorities such as EFSA, which are designed to support the regulatory process or 
pesticides in close cooperation with the Member States in the EU.
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Glyphosate is not the first chem ical where there has been a difference between the 
IARC screening and the final com prehensive assessm ent by regulatory bodies. If 
you compare IARC categorisations w ith the EU harmonised classifications, you will 
find substances with equ iva lent classifications and others with different 
classifications. This shows that although the IARC screening has been considered, it 
has not always been confirmed.

EFSA's assessm ent of glyphosate is an essentia l part of the EU regulatory system  In 
relation to pesticides - w idely regarded as one of the strictest fn the world. This 
system  was most recently updated in 2009 through co-leg islation agreed by the 
European Parliam ent and the Member State governm ents acting w ithin the Council 
o f the European Union (EU Regulation 1107/2009).

This is the system  EFSA has followed fn the assessm ent of hundreds of active 
substances since 2003. These assessm ents have identified potential concerns for 
human health and the environm ent and allowed the European Com m ission and 
Member States to establish requirem ents for the safe use of pesticides in Europe. 
They have also led to the removal from the EU market of more than 40 active 
substances and their corresponding formulations. It is the same system  that was 
used to assess the risk to bees from neonicotinofds, which were latterly subject to 
an EU moratorium .

EFSA ’s assessm ent was the First published after the release of the IARC monograph 
in July and other organisations worldw ide are conducting sim ilar assessments, 
including the Jo int FAO/WHO Meeting on Pesticide Residue, which is scheduled to 
publish Its own assessm ent o f glyphosate in May 2016 and has asked EFSA for all 
availab le sc ien tific information from its own recent assessm ent to allow it to do this.

Different classification systems
EFSA uses a classification system  developed specifica lly for chem icals by the United 
Nations (UN-GHS for classification and labelling o f chem icals). The EU was one of 
the first ju risd ictions in the world to im plem ent th is system, which allows for the 
identification o f the hazards of each chem ical and m ixtures (e.g. pesticides 
formulations)
The screening aim  of the IARC classification scheme expla ins why chem icals In 
pesticides such as glyphosate, or red meat, or frying food at high temperatures, 
can be included in the same IARC category as being probably carcinogenic. But it is 
im portant to rem em ber that these c lassifications are only one part o f the body of 
information in a risk assessm ent and on which public health decisions may be 
based,
IARC's broad screening covered both the active substance glyphosate and 
glyphosate-based pesticide formulations, whereas EFSA focused only on the active 
substance as it is required to do by EU legislation. In the EU, Individual Member 
States are responsible for evaluating the safety of pesticide formulations used on 
their territory, including the assessm ent o f the other ingredients (the co- 
formuiants),

EFSA invites IARC to discuss scientific divergences
In an effort to clarify scientific divergences, and in line with EFSA 's princip les of 
openness and transparency, EFSA and IARC have agreed to meet early  in 2016 to 
d iscuss the different evidence and the different methodologies that the two 
organisations have used. Both of these elements play a role in explaining the 
divergences between the IARC and EFSA assessments of the carcinogenic potential 
o f glyphosate and we look forward to exchanging views with IARC along these lines,
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Finally; I would like to address the issue o f transparency. I strongly disagree with 
your contention that EFSA has not applied open and objective criteria to its 
assessm ent. EFSA implemented the legal requirement to carry out a scientific peer 
review  with Member States, alongside expert and public consultations, in a 
transparent manner, as it does with all pesticide active substances.

The EFSA Conclusion and all related background documents which run to around
6,000 pages have been published on EPSA's website1. These documents include the 
public consultation report showing how all comments were addressed, both from 
Mem ber States and from the 29 subm issions which came from individuals and 
organisations, including a number of environm ental NGOs.

An essentia! e lement of any regulatory scientific assessment is to ensure 
consistency across evaluations. The views of Member State experts, who may 
collect input from several public organisations w ithin their Member State before 
subm itting consolidated comments, are discussed in expert groups covering 
different scientific areas, such as ecotoxico logy or mammalian toxicology. Experts 
from IARC, the JMPR, ECHA and US EPA were invited as observers to the expert 
consu ltations to discuss the carcinogenicity of glyphosate. Reports of these 
m eetings o r teleconferences are also published in the background documents on 
EFSA's website.

Additionally, for the sake o f transparency, EFSA invites the Member State scientists 
who take part in the peer review to subm it a Declaration of Interest (Dol), although 
they are not obliged in the legislation to do so. These Do ls are published on EFSA's 
website. The Member State scientists are affiliated to a broad range of public 
institutions across the EU.

I w ish to make a final but im portant point regarding transparency. The background 
documents d isplay detailed information on how EFSA and Member States appraised 
each study, including industry sponsored studies, and how all those which 
participated, except Sweden, concluded that glyphosate is unlikely to pose a 
carcinogenic hazard to humans.

The type and amount of inform ation published by EFSA about these studies is 
com parab le to that found in the US EPA and JMPR reports used by IARC for the 
assessm ent of carcinogenicity in animals. It is also comparable to the type and 
amount of information provided in papers in the open scientific literature. IARC, and 
any interested parties, are welcome to review the information EFSA has published 
on Its website.

In conclusion, I hope very much that this letter goes some way to clarifying any 
doubts you may have had about the process which EFSA has followed In its 
assessment of glyphosate or about our commitment to ensuring that this process Is 
as open and transparent as possible.
Additionally, I also trust the scientific detail you find in the attached Annex will help 
to further your understanding of the approaches and methods we used In reaching 
our conclusions.
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Annex: Specific responses to the open letter sent by Prof. Christopher Portier
and others to Vytenis Andriukaitis, Eli Commissioner for Health and 
Food Safety

cc (email only):

Dr. Vytenis Andriukaitis, European Commissioner for Health and Food Safety 

Mr. Phil Hogan, European Commissioner for Agriculture and Human 

Development
Mr. Xavier Prats Monne, Director-General, European Commission DG Health and 
Food Safety

Dr. Ladisiav Miko, Deputy Director-General, European Commission DG Health and 
Food Safety

Dr. Giovanni La Via, Chair, ENVI Committee of the European Parliament

Mr. Christian Schmidt, German Federal Minister of Food and Agriculture

Dr. Helmut Tschiersky, President, BvL
Professor Dr. Dr. Andreas Hensel, President, BfR
Dr. Christopher Wild, Director, IARC
Mr. Jim Jones, Assistant Administrator, USEPA
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Specific responses to the open letter sent by Prof. Christopher 
Fortier and others to Vytenis Andriukaitis, EU Commissioner

for Health and Food Safety

-i;

This annex addresses specific scientific comments made in the open letter of 27 
November 2015 to Commissioner Andriukaitis on a review of the carcinogenicity of 
glyphosate by EFSA and the BfR, signed by Prof, Christopher Portier and 95 
scientists (hereafter referred to as the 'open letter'). The annex responds also to 
direct quotes from the open letter,

I. General comment

The open letter states: "Addendum 1 (the BfR Addendum) of the RAR[2] discusses 
the scientific rationale for differing from the IARC WG conclusion."

It is noted that the open Setter does not always refer correctly to a) the German 
Rapporteur Member State (RMS) assessment and proposal; b) the outcome of the 
experts' discussions; and c) the final conclusion by EFSA (EFSA, 2015a),

The revised Renewal Assessment Report (Germany, 2015) presents the final views 
of the Rapporteur Member State (Germany), taking into account the comments 
received from the public consultation and the discussions held with the other EU 
Member States and EFSA. It includes the Addendum assessing the findings of the 
IARC monograph.

The Peer Review Report (EFSA, 2015b) captures transparently all comments 
received on the draft Renewal Assessment Report (Germany, 2013) and follow-up 
submissions thereof, including Addendum 1, the report from the discussions at the 
various expert meetings, the comments on the additional information requested by 
EFSA and the comments submitted on the draft EFSA Conclusion and how these 
have been addressed.

The two documents mentioned above support EFSA's final view, presented in the 
EFSA Conclusion (EFSA, 2015a). EFSA has also published a complementary paper 
summarising its assessment of the genotoxicity and carcinogenicity assessments, 
which is also available on the EFSA website (EFSA, 2015c). . I l l l l l l l l

EFSA notes that the EU assessment on the potential carcinogenicity hazard of 
glyphosate is based on the UN Global Harmonised System of classification and 
labelling of chemicals (United Nations, 2003 and posterior revisions every two

European Food Safety Au
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years), implemented in the EU through the Classification, Labelling and Packaging 
(CLP) Regulation1. The hazard categories are:

■ Category 1: Known or presumed human carcinogens
■ Cat 1A: Known to have carcinogenic potential for humans 

(human data)
■ Cat IB: Presumed to have carcinogenic potential for humans 

(animal data)
■ Category 2: Suspected human carcinogens
■ No classification: classification criteria not met

1ARC uses a different classification scheme, with different groups2; however, "there 
. -̂ 7~\ is a strong link between IARC and CLP classification criteria" (ECHA Guidance on the

(  J / l )  Application of the CLP Criteria 2013, 2015), as the definitions for sufficient and
limited evidence as defined by IARC are part of the CLP criteria.

IX. Evidence from human epidem iological studies

a) Overall considerations on scientific evidence from  
epidemiological studies

' The open letter states: "The EFSA conclusion that 'glyphosate is unlikely to pose a 
{ % 2/ carcinogenic hazard to humans' is inappropriate when available data support the 

determination of limited evidence of carcinogenicity in humans."

According to the Guidance on the Application of CLP criteria (ECHA 2013, 2015): 
"The evidence relevant to carcinogenicity from studies in humans is classified into 
one of the following categories:

— sufficient evidence of carcinogenicity: a causal relationship has been 
established between exposure to the agent and human cancer. That is, a 
positive relationship has been observed between the exposure and cancer in 
studies in which chance, bias and confounding could be ruled out with 
reasonable confidence;
—  limited evidence of carcinogenicity: a positive association has been 
observed between exposure to the agent and cancer for which a causal 
interpretation is considered to be credible, but chance, bias or confounding 
could not be ruled out with reasonable confidence"

1 R eg u la tio n  (E C )  N o  127 2 /2 0 0 8  o f  th e  E u ro p e a n  P a r lia m e n t  an d  o f  th e  C o u n c il o f 16 D e c e m b e r  2 0 0 8  on  c la ss if ica tio n , 
la b e llin g  a n d  p a ck a g in g  o f  s u b sta n c e s  a n d  m ix tu re s , a m e n d in g  a n d  re p e a lin g  D ire c tiv e s  6 7 /5 4 8 /E E C  a n d  1 9 9 9 / 4 5 /E C , 
a n d  a m e n d in g  R eg u la tio n  (E C ) N o 1907/2 0 0 6 . O J  L  3 5 3 , 3 1 .1 2 .2 0 0 8 , 1 -1 3 5 5 .

2IA R C  c la ss if ica tio n  fo r  c a rc in o g e n ic  a g e n ts  (n o t ju s t  c h e m ica ls)
«  G ro u p  l . T h e  a g en t is c a rc in o g e n ic  to  h u m a n s  

«  G ro u p  2 .
■  G ro u p  2 A . T h e  a g e n t  is p ro b a b ly  c a rc in o g e n ic  to  h u m a n s

■  G ro u p  2B . T h e  a g e n t is p o s s ib ly  c a rc in o g e n ic  to  h u m a n s
■  G ro u p  3 . T h e  a g e n t is n o t c la ss if ia b le  as to  its  c a rc in o g e n ic ity  to h u m a n s

■  G ro u p  4 . T h e  a g en t is p ro b a b ly  not c a rc in o g e n ic  to  h u m a n s

2
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With regard to the criteria for the definition of "sufficient" and "limited" evidence, 
I ARC acknowledges the possibility of deviating from the indications based on 
experts'judgement, as all relevant scientific data may be assigned with a higher or 
lower category than a strict interpretation of the criteria (as referred to in the IARC 
preamble 2006).

Regarding epidemiological studies, the IARC and EFSA assessments are based on 
the same evidence.

In line with the CLP criteria and ECHA guidance (ECHA, 2013; 2015), the two key 
points considered in the EU assessm ent are:

- The assessm ent of chance, bias or confounding effects in the statistical 
associations.

■ The credib ility of the causal interpretation. In this sense, it should be noted 
that the different conclusions regarding genotoxicity and carcinogenicity in 
an imals from IARC and EFSA lead to different views regarding the credibility 
of the causal interpretation.

In the IARC Non-Hodgkin Lymphoma (NHL) meta-analysis, Schinasi and Leon 
(2014) reported on the relationship between 14 groups of herbicides and 
insecticides. In nine (64%) of the groups they found either the group as a whole, or 
one or more of the individual pesticides within those groups, to be statistically 
significantly associated with risk for NHL.

Considering the above CLP criteria and, in particular, "the assessment of chance, 
bias or confounding effects in the statistical associations", the question needs to be 
addressed as to whether these statistical relationships are supportive of a causal 
relationship between exposure and the specific active ingredients in these 
pesticides. As discussed in the epidemiological literature, specific concerns in this 
regard include:

■ characterisation and assessment of the risk factor of interest, i.e. in this 
case the active ingredient glyphosate itself;

■ variation in disease definition;
« characterisation and measurement of exposure to the risk factor;
■ confounding by other risk factors -  including other pesticides; and
■ exploratory statistical analyses, without correction for multiple testing.

In contrast to the IARC evaluation of the epidemiological studies as being of limited 
evidence, the EU experts have concluded that the human evidence is very limited 
and, therefore, insufficient for classification under the CLP criteria. There is a 
minority view (one EU Member State) considering that the information is sufficient 
for limited evidence in humans according to the CLP Regulation (Category 2); this 
minority view can be considered in line with the IARC assessment of 
epidemiological studies as limited evidence. This conclusion and the minority 
opinion are both reported in the Conclusion (EFSA, 2015a) and the details are 
presented in the Peer Review Report (EFSA, 2015b).

3
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b) Specific considerations on scientific evidence from epidemiological 
studies

The open letter states: "To provide a reasonable interpretation of the findings, an 
evaluation needs to properly weigh studies according to the ir quality rather than 

l (  % ; sim ply count the number of positives and negatives. The m eta-analyses cited in the
 ̂ /  IARC monograph and done by WG are excellent exam ples of an objective

evaluation of the existence positive association; both m eta-analyses showed a 
statistica lly significant association."

EFSA notes that, in reality, the m eta-analyses that are mentioned weigh the studies 
based on the confidence lim its of the Odds Ratio, which is based on its standard 
error, which in turn depends on the study size. Thus the weighing does consider the 
number of cases/subjects at least indirectly. Furthermore, among the studies 
included in th is m eta-analysis, there was no other stated weight-adjustm ent for 
study design or elements of study quality.

The open letter states: "There were only 92 NHL cases included in the AHS 
[Agricultural Health Study] unadjusted analysis and fewer in the adjusted analyses, 
compared to 650 in a pooled case-control analysis from the Unites States."

EFSA notes that a comparison is made between the re lative strength of the De Roos 
et at. (2003) case-control study versus the De Roos et at. (2005) cohort study, by 
using just one figure from each of these two studies. This is m isleading. EFSA 
suggests that the follow ing numbers from the two studies should be considered 
instead.

De Roos et a/. (2003) case control study (analyses o f pooled da ta  fro m  
three studies)

Cases Controls Total
Exposed 36 61 97
Non-exposed 614 1,872 2,486

650 1,933 2,583

De R o o s  et at. (2 0 0 5 )  c o h o r t  s tu d y
NHL No

NHL
Total

Exposed 71 40,964 41,035
Non-exposed 21 13,259 13,280

92 54,223 54,315

Taking this full set into account, it is not clear why the power of the De Roos et at. 
(2005) study would be in doubt, when comparing it to its predecessor case-contro l 
study (De Roos et at., 2003). In fact, please note that even the IARC m eta-analysis 
(Schinasi and Leon, 2014) gives a (somewhat) higher weight to the De Roos e t at. 
(2005) study (21%) than to the De Roos et at. (2003) study (15%).
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c) Conclusions

As highlighted by Nordstrom et al. (1998), and in contrast to other occupational 
exposures, farming can involve exposure to many chemicals. This is one reason 
why the question as to whether human exposure to glyphosate formulations, let 
alone glyphosate by itself, lead to NHL is difficult to answer through epidemiological 
studies. One approach to dealing with such an issue is to assess an entire class of 
compounds, without determining which specific chemical(s) might be responsible. 
f:or pesticides the approach is to examine each pesticide active substance 
independently., as is being done for these and other regulated substances in various 
jurisdictions worldwide.

III. Evidence from animai carcinogenicity studies

(

h

a) Genera! com m ents

In the open letter It is assumed that the use of historical control data was the only 
reason in the EF5A assessment for considering that the studies indicating non- 
statisticaliy significant differences in the pair-wise analysis but significant trends 
were insufficient for supporting classification under the CLP Regulation.

This is not correct, as the EFSA assessment (EFSA, 2015a) is based on weight of 
evidence, fully in line with the CLP criteria and the ECHA guidance (ECMA, 2013; 
2015), regarding the biological relevance of observed incidences for the assessment 
of the carcinogenicity potential of glyphosate:

"No evidence o f carcinogenicity was confirm ed by the large m ajority o f the experts 
(with the exception o f one m inority view) in e ither rats o r m ice due to a lack o f 
statistica l significance in pa ir-w ise comparison tests, lack o f consistency in multiple 
anim al studies and slightly increased incidences only a t dose levels a t or above the 
lim it dose/MTD, lack o f preneopiastic lesions and/or being within historical control 
range. The statistica l significance found in trend analysis (but not in pa ir-w ise  
comparison) per se was balanced against the former c o n s id e r a t io n s (EFSA, 
2015a;

c - t

í y

In addition, the open letter claims that the historical control data were not 
considered properly, but as explained below this is not correct either.

The scientific principles used by EFSA in the evaluation of animal carcinogenicity 
studies, in line with the regulatory context of our evaluation, are summarised 
below; the details are included in the background documents supporting the EFSA 
conclusion (Germany 2015; EFSA 2015b).

f i )

EFSA and the experts of the member countries, including the RMS, had access to 
and evaluated the original studies. Comprehensive description and evaluation of the 
new long-term studies by the RMS in its Renewal Assessment Report was not taken 
into consideration by IARC even though this information was publicly available from 
April 2014. IARC used a new interpretation and statistical evaluation (by trend

5
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tests) of tumour incidences that are from older studies and have been discussed by 
the JMPR and the US-EPA.

b) Statistical assessment

EFSA is of the opinion that the planning of a study before the initiation of the 
experimentation as established in the respective protocol - which includes the 
planned statistical analysis -  is a key element in assessing the quality of a study;
therefore deviations from the statistical analysis used by the study authors should 
be limited and properly justified. This is In line with OECD recommendations: "The 
central concept o f this document is that the experim ental design represents the 
strategy fo r answering the question o f in terest and that the specific statistica l 
analyses are  tactica l methods used to help answ er the questions. Therefore, the 
statistica l m ethods m ost appropriate fo r the ana lysis o f the data collected shou ld  be 
established at the time o f designing the experim ent and before the study s ta rts .” 
(OECD, 2012),

The studies under consideration were designed for pair-wise comparisons, and this 
was the statistical method considered in the EU assessment. IARC based its 
assessment on previous evaluations of studies as carried out by the US-EPA and
the FAO/WHO JMPR, which included a Cochran analysis. In 2014 the US-EPA 
decided to disregard the result of the analysis because the biological relevance of 
the findings could not be proven.

As indicated in the open letter, in some studies the same data are statistically 
significant or not, depending on the selected statistical method. It should also be 
noted that there are no valid studies with statistically significant effects confirmed 
by both statistical approaches. Based on these results, the biological relevance of 
the results (see below) was balanced against the inconsistency observed in the 
statistical results.

c) Assessm ent of biological relevance

As indicated before, the EFSA conclusion regarding carcinogenicity in animals 
considered the different statistical assessments (significant trends but non
significant effects in the pair-wise comparison with the concurrent control group) 
and conducted a scientific assessment of the biological relevance of the observed
tumour incidences.

As mentioned in the EFSA Conclusion (EFSA, 2015a), the EU assessment is based 
on weight of evidence, in line with the CLP criteria and ECHA guidance (ECHA, 
2013; 2015), focusing on four main arguments:

■ Lack of consistency in multiple animal studies. The CLP criteria (Section
N 1.1.1.) require that: "The quality and consistency o f the data sha ll be given
l  y appropriate weight" and that: "Both positive and negative results sha ll be

assem bled together in a single weight o f evidence determ ination ." Based on 
the evidence available for the EU assessment, which included five additional 
valid long-term toxicity-carcinogenicity studies known of but not assessed by
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IARC, inconsistent effects were observed in the tumour incidences both 
within (lack of dose response) and between studies (inconsistency between 
results observed at the same dose in different equivalent studies). Some 
trends were observed only in one sex. On th is point the ECHA guidance 
(ECHA, 2013; 2015) considers that: " I f  tumours are seen only in one sex o f 
an an im al species, the mode o f action should be carefu lly evaluated to see if 
the response is consistent with the postu lated mode o f action." However, no 
assessment of a sex related mechanism ss provided in the I ARC assessment.

f < < A

■ {

Incidences only at dose levels at or above the limit bose/maximum tolerated 
dose (MTD). The IARC monograph reports for several studies significant 
body weight reductions at the highest doses, which are in fact the doses 
triggering the statistical significance of the trend analysis. No further, 
assessment of the possibility of a confounding effect of excessive toxicity at 
these test doses is reported in the monograph. Excessive toxicity -  for 
instance, toxicity at doses exceeding the MTD -  can affect the carcinogenic 
responses in bioassays. Such toxicity can cause effects such as cell death 
(necrosis) with associated regenerative hyperplasia, which in turn can lead 
to tumour development as a secondary consequence, unrelated to the 
intrinsic potential of the substance itself to cause tumours at lower and less 
toxic doses (ECHA, 2013; 2015).

In line with the CLP and UN-GHS criteria, ECHA has provided clear guidance 
on th is aspect of the assessment: " If a test compound is only found to be 
carcinogenic a t the h ighest dose(s) used in a lifetime bioassay, and the 
characteristics associated with doses exceeding the MTD as outlined above 
are present, this could be an indication o f a confounding effect o f excessive  
toxicity. This m ay support a classification o f the test compound in Category 
2  o r no classification." In addition, it is clear that the trend analysis should 
not be used for studies where high tum our incidences are observed only at 
doses exceeding the MTD; and the statistica l assessment should focus on 
the pair-w ise comparison with the concurrent controls, which did not show 
statistica lly significant differences for any o f the valid studies on glyphosate. 
In addition to the significant body weight loss reported in the IARC 
monograph, other signs of excessive toxic ity reported at high doses included 
hepatic centrilobular hypertrophy, bladder epithelial hyperplasia, ulcerations, 
etc.

Lack of preneoplastic lesions in organs where tum ours occurred, as indicated
In the histological evaluations of several studies, which failed to show a 
histopathological continuum possibly indicating an evolution to frank 
neoplasms.

Incidences being w ithin historical control range. EFSA notes that, of the four 
key e lem ents used by EFSA, th is is the only one mentioned in the open 
letter. It is also noted that the open letter incorrectly reports how historical 
control data are used in the EFSA assessment. First, the open letter includes 
the follow ing reference to the IARC preamble: "It is genera lly not 
appropriate to discount a tum our response that is significantly increased

7
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compared with concurrent controls by arguing that it falls within the range o f 
historical contro ls." However, it should be noted that all incidences reported 
from reliable studies were not statistically significant when compared to the 
concurrent controls in the pair-wise comparisons. Second, it seems that the 
letter signatories have misinterpreted the efforts made by the German RMS 
to get supportive information for those studies with no valid historical 
controls. The Peer Review Report (EFSA, 2015b) confirms that EFSA 
conducted a specific check regarding the use of historical control data, 
requested additional information during the clock-stop procedure and only 
considered valid the historical control data from the performing laboratory in 
line with the international recommendations (e.g. ECHA, 2013; 2015),

d) Additional considerations of the tum ours reported in the 1ARC 
monograph

For the assessment of tumours in mice, IARC and EFSA considered two and five 
studies, respectively.

Renal tumours reported in m ice
The open letter mentions in te r a lia a significant positive trend for renal tumours in 
C D -I mice,

In a 1983 study, a marginally increased incidence of renal tumours was reported in 
male Charles River CD -I mice, not statistically significant in a pair-wise comparison 
after adjusting for higher survival in the high dose group; no renal tumour was 
observed in females. The renal tumours could not be linked to glyphosate
administration due to several considerations: the trend analysis reported by IARC 
does not take Into account the higher survival rate at the high dose and the fact 
that no preneoplastic lesions were observed and therefore a morphological 
continuum could not be established. Additionally, concomitant genera! toxicity was 
observed at the high dose level (4,841 mg/kg bw per day) -  such as reduced body 
weight, histopathological changes in the bladder and liver -  that could be 
responsible for the occurrence of tumours and not a direct effect of the test 
substance. It is therefore concluded that the reported incidence of renal tumours is 
most likely a chance finding, not related to glyphosate administration.

Three more recent studies (1993, 1997 and 2009) performed on C D -I mice did not 
show dose-related increased incidences of renal tumours. In the 1993 study, renal 
tubular adenoma and carcinoma cases were observed in the control and low-dose 
groups only. In the 1997 study, no renal carcinomas were observed, and two 
adenomas occurred only at a very high dose (exceeding 4,000 mg/kg bw per day). 
No renal tumour or other renal lesions were observed in the 2009 study in any 
group.

A fifth study performed on Swiss albino mice (2001) was concluded to be unreliable 
since the health of the animals in the study was clearly compromised due to viral 
Infections in all groups including concurrent control.

8
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In conclusion, the evidence from four valid studies using CD-I mice does not 
indicate that the observed incidences of renal tumours are test substance-related. 
This was also the conclusion in the EPA publication (US-EPA, 1986), which was 
analysed by IARC,

Haemangiosarcomas reported in mice
With regards to haemangiosarcomas, for which statistically significant trends by 
Cochran-Armitage test but not by pair-wise comparisons couid be observed in two 
out of four valid studies at the highest dose tested, both incidences observed were 
within the performing laboratory's historical control data and therefore concluded 
not to be linked to glyphosate administration.

Malignant lymphomas reported in mice
Increased trends of malignant lymphomas, one of the most common spontaneously 
occurring neoplasms in mice, were observed in male mice in three (1997, 2001 and
2009) of the five studies. Females presented in general higher incidences than 
males but statistical significance was not achieved and dose-response was not 
evident. In one study (1997), there was a positive trend test but the incidences 
remained clearly within the performing laboratory historical control data. A second 
study using lower dose levels, and for which no reliable laboratory historical control 
data were available, also showed a positive trend (2009). However, for both studies 
pairwise comparisons did not reveal a statistically significant increase. The third 
study (2001) was concluded to be unreliable for the reasons expressed above 
(occurrence of viral infection). Two additional studies (1983 and 1993) neither 
showed a positive trend nor revealed a significant increase in tumour incidences in 
pair-wise comparison. Using a weight of evidence approach by also considering the 
known high background incidence of this tumour type in mice, it was concluded that 
these tumours are spontaneous in origin and not test substance-related.

For the assessment of tumours in rats, IARC and EFSA considered six and nine 
studies, respectively.

Pancreatic islet ceiis in rats
Regarding rat studies, from nine studies submitted, seven did not present any 
increased incidence of neoplastic lesions that could be related to glyphosate 
administration. Nevertheless, IARC reported significant positive trends in two 
studies. In one study from 1981, a statistically significant (according to a pair-wise 
comparison) increased incidence of islet cells adenomas was limited to the low dose 
level; in the absence of a dose-response relationship, the finding cannot be ¡inked 
to glyphosate administration. Similarly, in a 1990 study using much higher dose 
levels, a significant increase over the control incidence was observed only for the 
low dose group. There was no progression to carcinoma. Thus, no dose-response 
relationship could be established with regards to the incidence of pancreatic islet 
cells adenomas and no confirmation was obtained in any of the other long-term 
studies in rats.

Hepatocellular and thyroid C-ceil adenomas :n rats
Regarding positive trends reported by IARC for hepatocellular adenomas in males 
and for C-cell adenomas in females, the lack of statistical significance in a pair-wise

9
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comparison, the comparable incidence observed in the opposite sex and the lack of 
consistency of the finding in the many other studies (eight studies) led to the 
conclusion that the neoplastic findings are unlikely to be test substance-related.

e) Conclusion

The arguments expressed in the open letter reflect a misunderstanding of the 
evidence used for the EFSA evaluation. The biological relevance of each study and 
the overall evidence on animal carcinogenicity was properly assessed during the 
EFSA evaluation. In contrast, the 1ARC assessment focused on finding statistically 
significant "trends" in specific studies, but presented no information on how it 
considered the biological relevance and in particular the inconsistencies and effects 
only observed at doses at or exceeding the MTD, even when it is clear that the 
trend was significant only due to the incidences observed at the highest dose at 
which significant weight reduction and other indications of excessive toxicity had 
been observed. In fact the statistical trend, without assessing the biological 
relevance of the results, seems to be the only justification in the IARC monograph 
for deviating from the previous evaluation of the same animal studies by the 
WHG/PAO 3MPR expert group, which concluded that glyphosate does not have 
carcinogenic potential (JMPR, 2004).

IV. Mechanistic information

a) Genotoxicity

No scientific elements are presented in the open Setter and the allegations focus on 
procedural issues. The first allegation related to genotoxicity is that BfR's use of 
unpublished evidence makes it impossible for any scientist not associated with the 
BfR to review its conclusions. This is not the case: EFSA and the BfR's appraisal of 
the studies you refer to is available in the EFSA Conclusion and supporting 
documents (published on our website) with a level of detail at least comparable to 
the US-EPA and WHO/JMPR reports relied on in the IARC monograph. The studies 

: are made publicly available for scientific scrutiny and were available at the time you 
wrote your letter.

Regarding the weight given to the different studies, as the EFSA assessment 
focuses on the active substance glyphosate and the assessment of genotoxicity in 
humans, in vivo mammalian studies conducted with the active substance were 
considered more relevant, particularly when the technical specifications and 
impurity profile of the tested substance were reported. According to the IARC 
monograph, the studies with exposed humans were conducted with formulated 
products, not with the active substance, and there is no indication in the 
monograph of any attempt to establish the possible role of the co-formulants, even 
when other studies (in vitro or in animals) report negative effects for the active 
substance and positive effects for the formulated products.

Sixteen in vivo studies in somatic cells and two in vivo studies on germ cells were
:. ■; ... j**iI : ■ y : v.'• 'V,A:■ ; • y ■ ■ ? / • . • • • ' .  w w •.:.. = . ■

- , ' reported on rodents treated orally with dose levels of up to 5,000 mg/kg bw or via
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intraperitoneal injections, AH studies conducted according to internationally 
validated guidelines and some non-GLP published studies gave negative results, 
while two non-GLP studies were positive in mice treated intraperitoneatly with dose 
levels in the range of the intraperitoneal LDS0 for mice, one study presenting major 
flaws. Conflicting results were obtained regarding DNA adduct formation; induction 
of DNA strand breaks was observed in mice treated intraperitoneally with doses 
close to or in excess of the LD50.This induction may be caused by secondary effects 
of cytotoxicity. No genotoxic effects on germ cells have been detected in rats or 
mice treated orally at dose levels up to 2,000 mg/kg bw.

b) Oxidative stress and use of scientific literature

The available studies and reports on the oxidative stress potential of glyphosate, 
and its causal link, if any, to the occurrence of tumours, are extremely limited. The 
possibility that glyphosate could cause oxidative stress was indeed discussed during 
the EFSA peer review; oxidative stress was recorded only in one study in rats 
administered with pure glyphosate, in combination with cytoxidty and degenerative 
effects in the targeted organ.' Thus, in consideration of the extremely limited 
database and because of the lack of evidence for carcinogenic potential of 
glyphosate, no further consideration regarding the mode of action was necessary.

EFSA agrees with the statement in the open letter regarding the relevance'of 
scientific literature, e.g. for understanding the mechanism of action. The EU 
regulatory system requires an assessment of scientific peer-review data published 
in the previous 10 years to be presented in the dossier, and EFSA has developed a 
guidance document for ensuring a proper implementation of this requirement 
(EFSA, 2.011); in addition, the regulation allows the submission of additional data to 
the RMS; additional data can also be submitted during the public consultation. 
Scientific peer-reviewed publications support several recommendations in the EFSA 
conclusion, such as the proposal for considering specifically the genotoxicity of the 
formulated products during the MS evaluations.

c) Conclusion

Considering a weight of evidence approach, taking into account the quality and 
reliability of all available data, it is concluded that glyphosate is unlikely to be 
genotoxic in vivo and does not require hazard classification regarding mutagenicity 
according to the CLP Regulation. It is noted that unpublished studies that were the 
core basis of the EFSA evaluation were not available to the IARC experts as 
reported in the IARC monograph 112 on glyphosate.

V. Active substance versus formulations

In the summary of the open letter a distinction is made between the assessment of 
the active substance and the assessment of the formulations. "The most 
parsimonious scientific explanation of the cancers seen in humans and laboratory

11
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an im als supported by the m echanistic data is that g lyphosate is a probable human 
carcinogen. On the basis o f th is conclusion and in the absence o f contrary evidence,, 
it  is reasonable to conclude that glyphosate form ulations should also be considered  
probable human carcinogens/' IARC did not try to differentiate whether the effects 
were linked to the active substance, other ingredients (co-formulants), or combined 
effects of several ingredients, even when the evidence suggested negative effects 
for glyphosate and positive effects for a formulated product. The IARC monograph 
states that formulated products contain other ingredients, and mentions specifically 
polyethoxylated tallowamine, a co-formulant considered of potential concern and 
recently assessed by EFSA (EFSA, 2015d).

V I. S u m m a ry

j  /

EFSA considers that the arguments brought forward in the open letter do not have 
an impact on the EFSA conclusion on glyphosate. The arguments expressed in the 
open ietter reflect a misunderstanding of the evidence used for the EFSA 
evaluation.

As reported in the EFSA Conclusion (EFSA, 2015a), there is very limited evidence 
for an association between glyphosate-based formulations and non-Hodgkin 
lymphoma, and overall evidence is inconclusive for a causal or otherwise convincing 
associative relationship between glyphosate and cancer in human studies. There is 
no evidence of carcinogenicity 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/MTD, lack of pre-neoplastic lesions and/or being within historical control 
range. The statistical significance found in trend analysis (but not in pair-wise 
comparison) per se was balanced against the former considerations. Considering a 
weight of evidence approach, taking into account the quality and reliability of all 
available data, it is concluded that glyphosate is unlikely to be genotoxic in vivo and 
does not require hazard classification regarding mutagenicity according to the CLP 
Regulation.
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Ross. Matthew 
RusynJyan 
Made it
Wednesday, March 11, 2015 3:40:41 PM 
imaaeOOl.pno

From:
To:
Subject:
Date:
Attachments:

Thanks, Ivan! I made my connecting flight with a few minutes to spare. Hope you made 
yours, too.

Let's keep in touch. You did a fantastic job as chair.

Best regards 
Matt

On Mar 9. 2015. at 04:42, Rusyn. Ivan wrote:

1 would like to convene Group 4 downstairs in the first coffee break to discuss the 
information below.

Just to make sure we are all on the same page. Below are the evaluations from Groups
2 and 3 and the IARC matrix to get us to understand where our conclusions fit.

MAL: Human -  Limited; Animal -  sufficient -> 2A; Group 4 evidence is strong to 
support carcinogenesis and we have data to show that the mechanisms can operate in 
humans, so we support the classification in 2A

DZN: Human -  Limited; Animal -  Inadequate (only one study) 2B. Group 4 concludes 
that there is strong evidence for genotoxicity and oxidative stress and that these 
mechanisms can operate in humans. So we may consider upgrade to 2A.

GLY: Human -  Limited; Animal -  Limited -> 2B. I have questions on the "limited" in 
animals as there are 2 studies showing significant effect... Nonetheless, Group 4 
concludes that there is strong evidence for genotoxicity and oxidative stress and that 
these mechanisms can operate in humans. So we may consider upgrade to 2A.

<image001.png>
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White, Dylan

Ross, Matthew
Monday, March 30, 2015 1:46 PM 
Nathaniel Harmon
RE: Glyphosate Study Expertise Request

From:
Sent:
To:
Subject:

Hi Nathaniel,

I'm sorry but I don’t have time to participate in the meeting However, here are a couple of important points for 
your client to consider.

1. The international working group, convened by the IARC/W HO, that evaluated the ’carcinogenicity*, or 
cancer-causing properties, of glyphosate earlier this month, did not conduct a s t u d y :  instead, it 
considered all peer-reviewed scientific literature and publicly available government reports in their final 
form on the carcinogenicity of glyphosate and other pesticides.

2. The IA R C  deals with h a z a r d  id e n t if ic a t io n .  After a year-long process completed by an 8-day meeting, 
the Working Group provides a consensus classification as to the cancer causing effects of the exposure 
of interest. The classification indicates the strength of the evidence that a substance can cause cancer. 
It does not, however, conduct a r i s k  a s s e s s m e n t  (i e. defining the level of carcinogenic risk for 
individuals). This remains the responsibility of regulatory bodies, national and/or international, to take 
appropriate action to conduct such exercises.

The distinction between hazard identification and risk assessm ent is an important one. I invite you to 
review the IA R C  preamble if you or your client would like more information
http //monographs iarc fr/ENG/Preamble/index php.

Regards,

Matt Ross, PhD 
Associate Professor 
College of Veterinary Medicine 
Mississippi State University

From: Nathaniel Harmor 
Sent: Monday, March 30^
To: Ross, Matthew
Subject: Glyphosate Study Expertise Request

Matthew,

I hope this message finds you well I work for Guidepoint, a primary research company in New York, 
fwww quidepointqlobal com) Currently, we have a client, who is an institutional investor, and he is performing research 
and due diligence to better understand the recent study on glyphosate Specifically, he is interested in speaking with 
experts to get an overview of the study and what the next steps from here are I came across your expertise online and, 
considering your background, thought you would be a great resource for this project I am reaching out to you to see if you 
may be interested in speaking with our client as part of a one-on-one paid consulting project

Guidepoint is an independent research firm that connects our clients with industry professionals such as you Calls 
typically last 45 min -  1hr, and we would compensate you for your time, if appropriate. As a matter of policy, our clients 
will not be asking you to discuss your own company nor will you be asked to discuss any confidential or proprietary 
information.



If this is something you may be interested in, please take a moment to register In our Network of Advisors 

https //new quidepointqlobaladvisois com/apply/expresslead?k-3oQHKfGNt]ii1KMfVl-Y 1sSkbAvx3pZmoZ2oHaF5Cs&r=1 

This will allow us to arrange you on consultations with our Clients and allow you to invoice us for your time on the phone 

Please let me know if you have any questions regarding the project, the process, or my firm.

Best regards,

n
O II ID B P O IN T
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Nathaniel Harmon | Research Analyst 
730 3'“ Ave, 11"1 Floor | New York. NY 10017
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Abstract

Background: A recent review by the International Agency for Research on Cancer (IARC) 

updated the assessments of the more than 100 agents classified as Group I, carcinogenic to 

humans (IARC Monographs Volume 100, parts A-F). This exercise was complicated by the 

absence of a broadly accepted, systematic method for evaluating mechanistic data to support 

conclusions regarding human hazard from exposure to carcinogens.

Objectives and Methods: IARC therefore convened two workshops in which an international 

Working Group of experts identified 10 key characteristics, one or more of which are commonly 

exhibited by established human carcinogens.

Discussion: These characteristics provide the basis for an objective approach to identifying and 

organizing results from pertinent mechanistic studies The ten characteristics are the abilities of 

an agent to: (1) act as an electrophile either directly or after metabolic activation; (2) be 

genotoxic; (3) alter DNA repair or cause genomic instability; (4) induce epigenetic alterations; 

(5) induce oxidative stress; (6) induce chronic inflammation; (7) be immunosuppressive; (8) 

modulate receptor-mediated effects, (9) cause immortalization; and (10) alter cell proliferation, 

cell death, or nutrient supply.

Conclusion: We describe the use of the 10 key characteristics to conduct a systematic literature 

search focused on relevant endpoints and construct a graphical representation of the identified 

mechanistic information. Next, we use benzene and polychlorinated biphenyls as examples to 

illustrate how this approach may work in practice. The approach described is similar in many 

respects to those currently being implemented by the U.S. EPA’s IRIS Program and the U.S. 

National Toxicology Program.
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Introduction

Recently, the International Agency for Research on Cancer (IARC) completed a review of all its 

Group 1 human carcinogens and updated information on tumor sites and mechanisms of 

carcinogenesis (IARC Monograph Volume 100A-F). About half of the agents classified in Group 

1 had been last reviewed more than 25 years ago, before mechanistic studies became prominent 

in evaluations of carcinogenicity. In addition, more recent studies have demonstrated that many 

cancer hazards reported in earlier studies were later observed to also cause cancer in other organs 

or through different exposure scenarios (Cogliano et al. 2011).

In compiling and updating the information for Volume 100A-F, two overarching issues became 

apparent. First, no broadly accepted systematic method for identifying, organizing, and 

summarizing mechanistic data for the purpose of decision-making in cancer hazard identification 

was readily available. Second, the agents documented and listed as human carcinogens showed a 

number of characteristics that are shared among many carcinogenic agents. Many human 

carcinogens act via multiple mechanisms causing various biological changes in the multistage 

process of carcinogenesis. Indeed, cancer was once described by reference to causative agents, 

with multistage development of tumors being characterized through the impact of particular 

chemicals described as initiators and promoters of cancer. Subsequently, multistage development 

of cancer was identified with morphological change being correlated with genetic alterations.

The more recent description by Hanahan and Weinberg of hallmarks of cancer is not predicated 

on morphology or the impact of carcinogens, but on changes in gene expression and cell 

signaling (Hanahan and Weinberg 20! I). These hallmarks are the properties of cancer cells and 

neoplasms, and are not characteristic of the agents that cause cancer. Tumors attributable to
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chemical carcinogens may be distinct by mutational analysis (Westcott et al, 2015), but all 

neoplasms exhibit the hallmarks. A recent computational toxicology study has shown that 

chemicals that alter the targets or pathways among the hallmarks of cancer are likely to be 

carcinogenic (Kleinstreuer et al. 2013). In addition, a series of reviews in Carcinogenesis by 

members of the Halifax Project Task Force utilized the hallmarks framework to identify the 

carcinogenic potential of low doses and mixtures of chemicals (Harris 2015).

In 2012, participants at two workshops convened by the I ARC in Lyon, France extensively 

debated the mechanisms by which agents identified as human carcinogens (Group 1) produce 

cancer. The participants concluded that these carcinogens frequently exhibit one or more of 10 

key characteristics (Table 1). Herein we describe these 10 key characteristics and discuss their 

importance in carcinogenesis. These characteristics are properties that human carcinogens 

commonly show and can encompass many different types of mechanistic endpoints. They are not 

mechanisms in and of themselves nor are they adverse outcome pathways.

Further, we describe how the 10 key characteristics can provide a basis for systematically 

identifying, organizing, and summarizing mechanistic information as part of the carcinogen 

evaluation process. The U.S. Environmental Protection Agency (EPA) and the National 

Toxicology Program (NTP) in the U.S., as well as the IARC internationally, have recognized a 

need for such an approach (Rooney et al. 2014). The U.S National Research Council 

emphasized the need for consistent, transparent, systematic approaches for the identification, 

evaluation, and integration of data in EPA’s IRIS assessments of carcinogens and elsewhere in 

human health hazard assessments (NRC 2014).

6
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Progress in the systematic evaluation of published evidence on the adverse health effects of 

environmental agents has been made through application of methods developed by evidence- 

based medicine (Koustas et al. 2014). However, mechanistic study databases present a challenge 

to systematic reviews in that the studies are typically both numerous and diverse, reporting on a 

multitude of endpoints and toxicity pathways. One recent example of a systematic approach 

searched for studies on endpoints relevant to nine cancer-related mechanistic categories in 

identifying and presenting mechanistic evidence on di(2-ethylhexyl)phthalate, a chemical with a 

complex database of over 3000 research papers (Kushman et al. 2013). In this publication, the 

categories of mechanistic evidence were identified from a compendium of published reviews. 

This approach may be difficult to translate to agents with controversial or limited mechanistic 

evidence. It also would not permit comparisons across agents, including attempts to understand 

similarities or differences with human carcinogens. Further, it may be biased against the most 

recent mechanistic and molecular epidemiology studies that have not been the subject of a prior 

expert review.

To facilitate a systematic and uniform approach to organizing mechanistic data relevant to 

carcinogens, we propose the use of 10 key characteristics of human carcinogens as a basis for 

identifying and categorizing scientific findings relevant to cancer mechanisms when assessing 

whether an agent is a potential human carcinogen. A significant advantage of this approach is 

that it would encompass a wide range of endpoints of known relevance to carcinogenesis as 

identified through examination of the IARC Monographs on Group 1 carcinogens. Mechanistic 

topics can be included regardless of whether they have been the subject of prior expert reviews 

of any particular chemical. This should introduce objectivity that could reduce reliance on expert 

opinion, as well as facilitate comparisons across agents. Moreover, at its essence, the approach
7
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may afford a broad consideration of the mechanistic evidence rather than focusing narrowly on 

independent mechanistic hypotheses or pathways in isolation.

Herein, we demonstrate the applicability of this proposed systematic strategy for searching and 

organizing the literature using benzene and polychlorinated biphenyls (PCBs) as examples. The 

mechanistic study database for both of these chemicals is large, comprising over 1,800 studies 

for benzene and almost 3,900 for PCBs. many with multiple mechanistic endpoints. We 

conducted systematic literature searches for endpoints pertinent to the 10 key characteristics of 

human carcinogens, utilizing literature trees to indicate the human and experimental animal 

studies that reported endpoints relevant to each characteristic. To further indicate their potential 

contribution to benzene and PCB carcinogenesis, ŵ e organized the characteristics into a 

graphical network representative of an overall mechanistic pathway.

Two recent IARC Monographs (Guyton et al. 2015; Loomis et al. 2015) have applied the 10 key 

characteristics described here for a variety of agents and also organized the results into graphical 

networks. Overall, this categorization facilitated objective consideration of the relevant 

mechanistic information, thereby advancing analyses of hypothesized mechanisms and toxicity 

pathways. Because mechanistic data may provide evidence of carcinogenicity, and can play a 

role in up- or downgrading an evaluation based on cancer findings in animals, we suggest that 

this systematic approach to organizing the available data will assist future IARC Working 

Groups and other agencies in evaluating agents as potential human carcinogens especially in the 

absence of convincing epidemiological data on cancer in humans.
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Description of the Key Characteristics of Carcinogens

The number of ways by which agents contribute to carcinogenesis can be extensive if all 

biochemical or molecular endpoints are considered. However, these mechanisms can be grouped 

into a limited number of categories (e.g., genotoxicity, immunosuppression, etc ). Guyton and 

coworkers described 15 types of “ key events”  associated with human carcinogens that 

collectively represented many carcinogenic mechanisms (Guyton et al. 2009). The experts 

present at the first of the IARC meetings in 2012 originally identified 24 mechanistic endpoints 

with several subcategories in each. This number of endpoints was considered too impractical as a 

guide for categorizing the literature, and the Working Group merged these categories into 10 at 

the second meeting in 2012, concluding that human carcinogens commonly show one or more of 

the 10 key characteristic properties listed in Table 1. These represent the majority of established 

properties of human carcinogens as described below.

Characteristic I: Is Electrophilic or Can He Metaholically Activated to Electrophiles

Electrophiles are electron-seeking molecules that commonly form addition products, commonly 

referred to as adducts, with cellular macromolecules including DNA, RNA, lipids and proteins. 

Some chemical carcinogens are direct-acting electrophiles, whereas others require chemical 

conversion within the body (Salnikow and Zhitkovich 2008), or biotransformation by enzymes in 

a process termed metabolic activation (Miller 1970). Examples of direct-acting electrophilic 

carcinogens include sulfur mustards and ethylene oxide (Batal et al. 2014; Grosse et al. 2007; 

IARC 2008; Rusyn et al. 2005), The classic examples of chemical agents that require metabolic 

activation to become carcinogenic include polycyclic aromatic hydrocarbons, aromatic amines, 

A-nitrosamines, aflatoxins and benzene, which by themselves are relatively inert (Slaga et al.
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1980; Smith 1996). A number of enzymes, including cytochrome P450s, flavin mono-oxygenase, 

prostaglandin synthase and various peroxidases, can biotransform relatively inert chemical 

compounds to potent toxic and carcinogenic metabolites or reactive intermediates (Hecht 2012; 

O'Brien 2000). The ability to form adducts on nucleic acids and proteins is a common property 

of these inherently electrophilic and/or metabolically activated human carcinogens (Ehrenberg 

1984).

Characteristic 2: Is Genotoxic

The term genotoxic (Ehrenberg 1973) refers to an agent that induces DNA damage, mutation, or 

both. DNA damage can be spontaneous in origin through errors of nucleic acid metabolism or 

can be induced by endogenous or exogenous agents. In some cases the exogenous agents may 

also be generated endogenously, such as formaldehyde and acetaldehyde, producing a 

background level of DNA damage. Examples of DNA damage include DNA adducts (a molecule 

bound covalently to DNA), DNA strand breaks (breaks in the phosphodiester bonds), DNA 

crosslinks, and DNA alkylation. DNA damage by itself is not a mutation and generally does not 

alter the linear sequence of nucleotides (or bases) in the DNA, whereas a mutation is a change in 

the DNA sequence and usually arises as the cell attempts to repair the DNA damage 

(Shaughnessy 2009).

Mutations can be classified into three groups based on their location or involvement in the 

genome. Gene or point mutations are changes in nucleotide sequence within a gene (e g., base 

substitutions, frameshifts, and small deletions/duplications). Chromosomal mutations are 

changes in nucleotide sequence that extend over multiple genes (e.g., chromosome aberrations, 

translocations, large deletions, duplications, insertions, inversions, or micronuclei due to
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chromosome breakage). Genomic mutations involve the duplication or deletion of nucleotide 

sequences of an entire chromosome, an example of which is aneuploidy or formation of 

micronuclei that contain a centromere. A large proportion of Group 1 carcinogens are genotoxic, 

as documented in IARC Monographs Volume 100 A-F 

(http://monographs.iarc.fr/ENG/Monographs/PDFs/index.php).

Characteristic 3: Alters DNA Repair or Causes Genomic Instability

Normal cells avoid deleterious mutations by replicating their genomes with high 

accuracy However, the fidelity of DNA replication can vary widely depending on the DNA 

polymerase involved, introducing the possibility of error. Indeed, most spontaneous mutations 

are caused by polymerase error (Preston et al. 2010), The nature of the error, the flanking 

sequence, the presence of DNA damage and the ability to correct errors, all impact on the 

outcome of this process (Arana and Kunkel 2010). As a consequence, defects in processes that 

determine DNA-replication fidelity can confer strong mutator phenotypes that result in genomic 

instability. Thus, carcinogens may act not only by producing DNA damage directly, but also by 

altering the processes that control normal DNA replication or repair of DNA damage. Examples 

include the inhibition of DNA repair by cadmium (Candeias et al. 2010) and formaldehyde 

(Lucli et al. 2014)

Genomic instability is a well-recognized feature of many cancers (Bielas et al. 2006) and

considered to be one of the enabling characteristics of cancer (Hanahan and Weinberg 2011). 

Cells exposed to ionizing radiation have genetic instability that is a relatively late-occurring 

event that appears several cell generations after irradiation and results in a reduced ability to
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replicate the genotype faithfully (Kadhim et al. 2013). The events indicating genomic instability 

include chromosome aberrations, gene mutations, microsatellite instability, and apoptosis. These 

events are observed after exposure to arsenic (Bhattachaijee et al. 2013) and cadmium (Filipic

2012).

Characteristic 4: Induces Epigenetic Alterations

The term “epigenetic” refers to stable changes in gene expression and chromatin organization 

that are not caused by changes in the DNA sequence itself and can be inherited over cell 

divisions (Herceg et al. 2013). Epigenetic phenomena, including changes to the DNA methylome 

and chromatin compaction states, along with histone modification can impact the carcinogenic 

process by affecting gene expression and DNA repair dynamics (Herceg et al. 2013). A wide 

range of carcinogens have been shown to deregulate the epigenome, and it has been suggested 

that their mechanism may involve disruption of epigenetic mechanisms (Pogribny and Rusyn

2013) However, evidence for a causal role of epigenetic changes in cancer caused by Group 1 

agents was considered to be limited in Volume 100, and for many agents, their impact on the 

epigenome was considered to be a secondary mechanism of carcinogenesis (Herceg et al. 2013). 

Herceg and others (Herceg et al. 2013) have described a wealth of studies demonstrating the 

impact of carcinogens on epigenetic mechanisms. They note, however, that most carcinogens 

(even those reviewed for Volume 100 in 2008 and 2009) were evaluated by 1ARC Working 

Groups before new data on their epigenetic effects became available. This evolving area wili 

generate new mechanistic data in the years to come.
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Characteristic 5: Induces Oxidative stress

Many carcinogens are capable of influencing redox balance within target cells. If an imbalance 

occurs, favoring formation of reactive oxygen and/or nitrogen species at the expense of their 

detoxification, this is referred to as oxidative stress. Reactive oxygen species and other tree 

radicals arising from tissue inflammation, xenobiotic metabolism, interaction of mitochondrial 

oxidative phosphorylation (Figueira et al. 2013), or reduced turnover of oxidized cellular 

components may play key roles in many of the processes necessary for the conversion of normal 

cells to cancer cells. However, oxidative stress is not unique to cancer induction and is associated 

with a number of chronic diseases and pathological conditions, e g., cardiovascular disease 

(Kayama et al. 2015), neurodegenerativo disease (Chen et al. 2015), and chronic inflammation 

(Suman et al. 2015). Oxidative stress is also a common occurrence in neoplastic tissue and can 

be part of the tumor environment (Suman et al. 2015).

Oxidative damage is considered a major factor in the generation of mutations in DNA and over 

100 different types of oxidative DNA damage have been identified (Klaunig et al. 2011). At least 

24 base modifications are produced by reactive oxygen species, as well as DNA-protein 

crosslinks and other lesions (Berquist and Wilson 2012), all potentially leading to genomic 

instability. Oxidative damage to DNA can lead to point mutations, deletions, insertions, or 

chromosomal translocations, which may cause oncogene activation and tumor suppressor gene 

inactivation, and potentially initiate or promote carcinogenesis (Berquist and Wilson 2012; 

Klaunig et al 2011). Thus, the induction of oxygen radical-induced cellular injury is a 

characteristic of a set of diverse carcinogens, including radiation, asbestos, and carcinogenic 

infectious agents.
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Characteristic 6: Induces Chronic Inflammation

Chronic inflammation from persistent infections, such as that caused by H. pylori, as well as that 

produced by chemical agents including silica or asbestos fibers, has been associated with several 

forms of cancer (Grivennikov et al. 2010). Indeed, inflammation has been hypothesized to 

contribute to multiple aspects of cancer development and progression (Trinchieri 2012) and is an 

enabling hallmark of cancer (Hanahan and Weinberg 2011). Inflammation acts by both intrinsic 

and extrinsic pathways Persistent infection and chronic inflammation disrupt local tissue 

homeostasis and alter cell signaling, leading to the recruitment and activation of inflammatory 

cells. These constitute extrinsic pathways linking inflammation to cancer (MulthofFand Radons

2012). On the other hand, intrinsic pathways driven by activation of proto-oncogenes in pre- 

neoplastic and neoplastic cells recruit host-derived inflammatory cells that accelerate tumor 

promotion and progression (Grivennikov et al. 2010). Because strong links exist between 

inflammation and the induction of oxidative stress and genomic instability, it may be difficult to 

separate out the importance of each of these mechanisms.

Characteristic 7: Is Immunosuppressive

Immunosuppression is a reduction in the capacity of the immune system to respond effectively to 

foreign antigens, including antigens on tumor cells. Persistent immunosuppression presents a 

risk of cancer, especially excess risk for lymphoma. For example, immunosuppression poses a 

significant risk when it is accompanied by continuing exposure to foreign antigens, such as in 

people with organ transplants, or when it occurs in individuals who are latently infected with a 

carcinogenic virus (Hartge and Smith 2007; Smith et al. 2004). Immune suppression differs from 

other mechanisms of carcinogenesis in that agents that cause immunosuppression may not
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directly transform normal cells into potential tumor cells. Potentially neoplastic cells that arise 

naturally, or that have been transformed by other carcinogens acting by a mechanism such as 

genotoxicity or by the various mechanisms of action associated with carcinogenic viruses, escape 

immune surveillance in immunosuppressed individuals. As a result, survival of these cells and 

their replication to form tumors is greatly facilitated by immune suppression. Several 

carcinogens act entirely or largely by immunosuppression, often in concert with other Group 1 

agents, especially oncogenic infectious agents. The Group 1 agents that act by 

immunosuppression include Human Immunodeficiency Virus (HIV-1) and the 

immunosuppressive drug cyclosporin (Rafferty et al. 2012 ).

Characteristic 8: Modulates Receptor-mediated effects

Numerous carcinogens act as ligands to receptor proteins, including menopausal hormone 

therapy, 2,3,7,8-tetrachlorodibenzo-para-dioxin and PCBs (Wallace and Redinbo 2013). 

Receptor-mediated activation broadly falls into two categories: (a) intracellular activation, 

mediated by nuclear receptors that translocate into the nucleus and act on DNA as transcription 

factors (Aranda and Pascual 2001); and (b) activation of cell surface receptors that induce signal- 

transduction pathways resulting in biological responses that involve a variety of protein kinases 

(Griner and Kazanietz 2007). Most exogenous agents act as agonists by competing for binding 

with an endogenous ligand; however, there are also receptors for which few or no endogenous 

ligands have been identified, such as the aryl-hydrocarbon (Ah) receptor (Baek and Kim 2014; 

Ma 2011). Receptor-mediated activation most often results in changes in gene transcription. 

Molecular pathways that are regulated through ligand-receptor interaction and are most relevant 

to carcinogenesis include cell proliferation (e g., stimulation of the normal proliferative pathways
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as is the case for estrogen-dependent tissues and hormone therapy), xenobiotic metabolism, 

apoptosis, as well as modulation of the bioavailability of endogenous ligands by affecting 

biosynthesis, bioactivation, and degradation (Rushmore and Kong 2002).

Characteristic 9: Causes Immortalization

Several human DNA and RNA viruses, including various human papillomaviruses, Epstein- 

Barr virus, Kaposi's sarcoma-associated herpesvirus, hepatitis B virus, hepatitis C virus, and 

human immunodeficiency virus, are carcinogenic to humans (Bouvard et al 2009),

These viruses have evolved multiple molecular mechanisms to disrupt specific cellular pathways 

to facilitate aberrant replication. Although oncogenic viruses belong to different families, their 

strategies in human cancer development show many similarities and involve viral-encoded 

oncoproteins targeting the key cellular proteins that regulate cell growth (Saha et al. 2010) 

Recent studies show that virus and host interactions also occur at the epigenetic level (Allday

2013). The result of these viral effects is to immortalize the target tissue cells such that they are 

not subject to the Hayflick limit, the point at which cells can no longer divide due to DNA 

damage or shortened telomeres (Klingelhutz 1999). For example, the Human Papillomavirus 

type-16 (HPV-16)£6 and £7  oncogenes are selectively retained and expressed in cervical 

carcinomas, and expression of E6 and £7 is sufficient to immortalize human cervical epithelial 

cells (Yugawa and Kiyono 2009).

Characteristic 10: A lters Cell Proliferation, Cell Death or Nutrient Supply

There are at least three scenarios related to carcinogenesis in which alterations in cellular 

replication and/or cell-cycle control have been described. One invokes the predisposition for
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unrepaired DNA damage leading to cancer-initiating mutations in replicating cells, another has 

attempted to identify sustained replication as a key mechanistic event, and a third describes the 

ability of a transformed cell to escape normal cell-cycle control and to continue replication. A 

component common to all three scenarios is the evasion of apoptosis or other terminal 

programming, including autophagy, in at least a proportion of the cell population (Ryter et al.

2014).

Necrotic cell death releases pro-inflammatory signals into the surrounding tissue 

microenvironment, recruiting inflammatory immune cells to the site of trauma, which can 

enhance cancer-cell proliferation and promote cancer metastasis (Coussens and Pollard 2011; 

Coussens et al. 2013; Pollard 2008). In contrast, various forms of apoptosis and autophagy 

(Galluzzi et al. 2015) have the opposite effect by removing potentially cancerous cells from a 

population before they acquire the changes permitting malignancy. Many agents affect necrosis, 

apoptosis and/or autophagy and can have profoundly divergent effects on cancer induction in 

different tissues.

In addition to cell death caused directly by agent toxicity, cells may die within a tumor as a result 

of an impaired nutrient supply. Neoplastic cell numbers can increase exponentially, quickly 

outstripping the supply capabilities of the existing tissue vasculature. Neoangiogenesis, in which 

new blood vessels grow into a tumor, is key to providing this supply of nutrients. Thus, agents 

that promote or inhibit angiogenesis will promote or delay tumor growth (Hu et al. 2015).

Cancer cells also usually show quite different cellular energetics, relying on glycolysis for

energy even under aerobic conditions (Rajendran et al. 2004), Although a likely consequence of

mutation and altered gene expression rather than a cancer-inducing mechanism, any modification
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of cellular energetics may reflect an important cancer-relevant switch in the cell or tissue’s 

metabolic state.

Using the key characteristics to systematically identify, organize, and summarize 

mechanistic information

Step 1: Identifying the relevant information

The starting point for systematic evaluation is to conduct comprehensive searches of the peer- 

reviewed literature aimed at identifying mechanistic data (Kushman et al. 2013). The searches 

can be constructed to address a series of study questions in the PECO (population, exposure, 

comparator, and outcomes) framework (Higgins and Green 2011) wherein endpoints associated 

with the key characteristics are identified. Specifically, the questions to be answered by the 

searches are, “Does exposure to the agent induce endpoints associated with one or more specific 

key characteristic properties of carcinogens”? The population (humans and any relevant 

experimental systems), exposure (the agent and relevant metabolites) and comparator (the 

unexposed comparison group or condition) should be sufficiently broad to identify a range of 

available mechanistic data informative of the overall evaluation of carcinogenic hazard. This 

approach thus entails comprehensive, targeted literature searches using appropriate Medical 

Search Heading (MeSH) terms and key words to identify evidence on the 10 key characteristics 

for the agent(s) or exposure(s) under evaluation.

Additional complementary literature searches may incorporate terms for the agent and its 

metabolites, alone or in combination with broad terms for carcinogenicity or related effects. For 

instance, because US EPA Integrated Risk Information System (IRIS) toxicological reviews also

18



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 249 of 398

Environ Health PerspectDOl: 10.1289/ehp.1509912 
Advance Publication: Not Copyedited

encompass a range of non-cancer toxicities, “top-down” broad literature searches aimed at 

comprehensively identifying studies on all potential toxic effects of an agent are employed (EPA 

2014; NRC 2014). These comprehensive searches of peer-reviewed literature are supplemented 

by examining past IARC Monographs or other authoritative reviews; databases (e.g., PubChem); 

and, peer-reviewed government reports can also be systematically searched. The search terms 

used and literature retrieved can be documented (e g , using MyNCBl, which saves searches of 

the National Center for Biotechnology database, or https://hawcproject.org).

Step 2: Screening and organizing the results

Based on title and abstract review, studies identified initially are excluded if no data on the 

chemical or a metabolite are reported, or if no data on toxicological or other cancer-related 

effects of the chemical is provided For example, a study on levels of a chemical, but not effects 

of the chemical, would be excluded, Included studies are then organized by the population 

(human or experimental systems) and by the endpoints associated with the 10 key characteristics 

(see Table 1). Studies relevant to toxicokinetics (covering absorption, distribution, metabolism 

and excretion) are also identified. Additionally, authoritative, comprehensive review articles are 

identified, as are studies reporting toxicological endpoints in cancer target and non-target tissues. 

These may include morphological evaluations pertaining to the dysfunction of organs, tissues, 

and cells. Importantly, studies reporting endpoints that are relevant to multiple characteristics 

may fall under several categories.

To illustrate these two steps, targeted literature searches were conducted to identify endpoints for 

the effects of benzene pertinent to the 10 key characteristics, in populations comprising humans 

or experimental systems. The literature searches were conducted using the Health Assessment
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Workplace Collaborative (HAWC) Literature Search tool (https://hawcproieci.oru/). 

documenting the search terms, sources, and articles retrieved. Following title and abstract 

review, studies were excluded if they were not about benzene or its metabolites, or if they 

reported no data on toxicological endpoints. Included studies were further sorted into categories 

representing the 10 key characteristics based on the mechanistic endpoints and species evaluated 

(i.e. human in vivo, human in vitro, mammalian in vivo, mammalian in vitro, non-mammalian, 

see Figure l). The figure also identifies reviews, gene expression studies, and articles relevant to 

toxicokinetics, toxicity, or susceptibility.

Step 3: Using the key characteristics to  synthesize mechanistic information and to develop 

adverse-outcome nehvorks

It is increasingly evident that multiple biological alterations or sets of different perturbations are 

necessary to convert a normal cell to a transformed cell and ultimately a tumor (Hanahan and 

Weinberg 2011), Carcinogens appear to impact this complex process in various ways and can act 

through multiple mechanisms to induce cancer and other adverse health outcomes (Goodson et 

al. 2015; Guyton et al. 2009). Using the 10 key characteristics as a basis, the collected 

information can be organized to form hypotheses and evaluate the evidentiary support for 

mechanistic events as a function of relevant aspects (e g. dose, species, temporality, etc) (Guyton 

et al. 2009). The diverse and complex mechanistic endpoints elicited by benzene can then be 

organized into an overview inclusive of multiple alterations and any linkages thereof (Figure 2). 

The resulting overview can provide guidance for further assessments of the literature, including 

dose relevance, species relevance, and temporality of events This additional detailed information 

can then be used to produce proposed mechanisms or adverse outcome pathway networks as
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described in (McHale et al. 2012) and the EPA’s NexGen Risk Assessment Report (EPA 2014),

We note that there is evidence that benzene is associated with 8 of the 10 key characteristics we 

have described.

Figure 3 presents a similar overview for PCBs based on data from 1ARC Monograph Volume 

107 (1ARC 2015). In summarizing the mechanistic evidence, this Monograph Working Group 

indicated that PCBs may induce up to 7 of the 10 key characteristics in producing 

carcinogenicity (Lauby-Secretan et al. 2013). We note that the less chlorinated PCBs are 

associated with key characteristics similar to benzene (metabolic activation, DNA damage, 

cellular proliferation), whereas the dioxin-like PCBs are associated primarily with receptor- 

mediated activities.

Recently, using this same approach, the Working Groups of 1ARC Monograph Volume 112 and 

Volume 113 concluded that strong mechanistic evidence exists for 5 key characteristics being 

involved in malathion carcinogenicity (i.e genotoxicity, oxidative stress, inflammation, receptor- 

mediated effects and cell proliferation or death), 3 in DDT carcinogenicity (i.e. 

immunosuppression, receptor-mediated effects and oxidative stress) and 2 each for diazinon and 

glyphosate (i.e. genotoxicity and oxidative stress), providing evidence to support their 

classification as probable human carcinogens in Group 2A (Guyton et al, 2015; Loomis et al.

2015).

Discussion and Conclusions

Identification and incorporation of important, novel scientific findings providing insights into 

cancer mechanisms is an increasingly essential aspect of carcinogen hazard identification and
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risk assessment. Systematic approaches are needed to organize the available mechanistic data 

relevant to the overall evaluation of the carcinogenic hazard of an agent. Information to support 

the identification of 10 key characteristics of human carcinogens was obtained during the 

Volume 100 Monographs and two subsequent expert workshops. These characteristics, although 

not necessarily representing mechanisms themselves, provide the rationale for an objective 

approach to identifying and organizing relevant mechanistic data. Using literature collected 

previously by others as well as by us, we have categorized the literature data according to the 10 

characteristics for benzene and PCBs. This approach identified pertinent positive literature for 8 

of the 10 key characteristics on benzene and 7 for PCBs, thereby providing a practical, objective 

method for organizing the large mechanistic literature associated with these chemicals.

This approach also lays the groundwork for a structured evaluation of the strength of the 

mechanistic evidence base, and therefore its utility in supporting hazard classifications. In the 

I ARC Monographs the strength of the evidence that any carcinogenic effect observed is due to a 

particular mechanism is evaluated using the terms 'weak', 'moderate' or 'strong' 

(http://monographs.iarc.fr/ENG/Preamble/index.php). In general, the strongest indications that a 

particular mechanism operates in humans derive from data obtained in exposed humans or in 

human cells in vitro. Data from experimental animals can support a mechanism by findings of 

consistent results and from studies that challenge the hypothesized mechanism experimentally. 

Other considerations include whether multiple mechanisms might contribute to tumor 

development, whether different mechanisms might operate in different dose ranges, whether 

separate mechanisms might operate in humans and experimental animals and whether a unique 

mechanism might operate in a susceptible group. The possible contribution of alternative 

mechanisms must be considered before concluding that tumors observed in experimental animals

http://monographs.iarc.fr/ENG/Preamble/index.php
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are not relevant to humans. An uneven level of experimental support for different mechanisms 

may reflect that disproportionate resources have been focused on investigating a favored 

mechanism. All of these factors make assignment of descriptors such as ‘strong’ to the 

mechanistic evidence challenging, but recent experience with two 1ARC Monograph meetings 

suggest that the weighing of the evidence on the basis of the I0 key characteristics focuses the 

group discussion on the available science and allows rapid consensus to be reached regardless of 

the strength of the evidence base (Guyton et al 2015; Loomis et al. 2015).

Because the literature search and categorization approach described herein is comprehensive, it 

may aid consideration of the overall strength of the mechanistic database according to these 

principles. In particular, it is inclusive of diverse mechanistic evidence, enabling support for 

divergent or related mechanisms from human and experimental systems to be identified 

Moreover, the literature support for endpoints relevant to specific mechanisms can be evaluated 

in an integrated fashion when the mechanism is complex. Additionally, comparisons across 

agents will be facilitated, including evaluation of any similarities or differences in the pattern of 

key characteristics with agents that are currently classified.

As this approach is carried forward, we hope it will facilitate the objective identification of 

mechanistic data for consideration in the context of epidemiology, animal bioassay, or other 

types of evidence (e.g., studies in model organisms or in vitro assays) when classifying agents 

with regard to carcinogenic hazard. Equally important is to consider whether key characteristics 

of carcinogens are apparent upon exposures that are relevant to human health (Thomas et al. 

2013). Overall, these developments will aid advancement of future evaluations of newly
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introduced chemicals, including those for which mechanistic data provide the primary evidence 

of carcinogenicity.
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Table 1. Key characteristics of carcinogens.

C haracteristic Exam ples of relevant evidence
1. Is E lectrophilic o r  C an Be 
M etaholically Activated

Parent com pound or m etabolite w ith  an electrophilic structure 
(e .g ., epoxide , qum one, etc), form ation o f  D N A  and protein  
adducts.

2. Is Genotoxic D N A  dam age (D N A  strand breaks, D N A -protein cross-links, 
unscheduled D N A  synthesis), intercalation, gene m utations, 
cytogenetic  changes (e  g., chrom osom e aberrations, m icronuclei).

3. A lters DNA rep a ir  o r  causes genomic 
instability

A lterations o f  D N A  replication or repair (e .g ., topoisom erase II. 
b ase-excision  or double-strand break repair)

4. Induces Epigenetic A lterations D N A  m éthylation , histone m odification , m ieroR N A  expression
5. Induces O xidative Stress O xygen radicals, oxidative stress, oxidative  dam age to 

m acrom olecu les (e .g ., D N A , lipids)
6. Induces chronic inflam m ation E levated w hite  b lood ce lls , m yeloperoxidase activity', altered  

evtokine and/or chem okine production
7. Is Im m unosuppressive D ecreased im m unosurveillance, im m une system  dysfunction
8. M odulates receptor-m ediated effects R eceptor in/activation (e .g ., ER, PPA R , A hR) or m odulation of 

exo g en o u s ligands (including horm ones)
9. Causes Im m ortalization Inhibition o f  senescen ce , cell transformation
10. A lters cell pro liferation , cell death or 
n u trien t supply

Increased proliferation, decreased apoptosis, changes in  growth  
factors, energetics and signaling pathw ays related to cellular

______ ________________________________________replication or cell cy c le  control, angiogenesis_________________________

Any of the 10 characteristics in this table could interact with any other (e g. oxidative stress, 
DNA damage and chronic inflammation, which when combined provides stronger evidence for a 
cancer mechanism than would oxidative stress alone).
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Figure Legends

Figure 1: Literature flow diagram, illustrating the systematic identification and 

categorization process for benzene mechanistic studies. Using appropriate MeSH terms and 

key words, targeted literature searches were conducted for the 10 key characteristics using online 

tools available from the HAWC Project (https://hawcproiect.oru/). Section 4 refers to the 

location of the discussion of mechanistic data within the IARC Monograph structure 

(http://monographs.iarc.fr/ENG/Preamble/currentb4studiesother0706.php). All inclusion 

categories were expanded to document the number of studies attributed to each, down to the 

individual key characteristic level, which were expanded to illustrate human information when 

>100 total studies were identified Less frequently encountered key characteristic categories 

(grey circles) were left unexpanded for clarity. Human refers to both humans exposed in vivo 

and human cells exposed in vitro.

Figure 2: An overview of how benzene induces 8 of the key characteristics in a probable 

mechanism of carcinogenicity. A full review of these mechanistic data is given in (McHale et 

al. 2012), from which this Figure was adapted.

Figure 3: An overview of how polychlorinated biphenyls (PCBs) may induce 7 key 

characteristics in their carcinogenicity (Lauby-Secretan et al. 2013). Highly chlorinated 

PCBs act as ligands for the aryl hydrocarbon receptor (AhR) and other receptors activating a 

large number of genes in a tissue- and cell-specific manner that can lead to cell proliferation, 

apoptosis and other effects that influence cancer risk. Less chlorinated PCBs can be activated to 

electrophilic metabolites, such as arene oxides and quinones, which can cause genotoxic effects 

and induce oxidative stress. Receptor binding to CAR and AhR (a key characteristic) leads

https://hawcproiect.oru/
http://monographs.iarc.fr/ENG/Preamble/currentb4studiesother0706.php
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xenobiotic metabolism induction (not a key characteristic, brown not blue box) that in turn leads 

to genotoxicity and other key characteristics.
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Figure 2
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Figure 3
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GLYPHOSATE

1. Exposure Data

1.1 Identification of the agent
1.1.1 Nom enclature

Chem. Abstr. Serv. Reg. No.: 1071-83-6 (acid); 
also relevant:
38641-94-0 (glyphosate-isopropylamine salt) 
40465-66-5 (monoammonium salt) 
69254-40-6 (diammonium salt)
34494-03-6 (glyphosate-sodium)
81591-81-3 (glyphosate-trimesium)
Chem. Abstr. Serv. Name: A/-(phosphono- 
methyl)glycine
Preferred 1UPAC Name: N-(phosphono- 
methyl)glycine
Synonyms: Gliphosate; glyphosate; glypho- 
sate hydrochloride; glyphosate [calcium, 
copper (2+), dilithium, disodium, magne
sium, monoammonium, monopotassium, 
monosodium, sodium, or zinc] salt 
Trade names: Glyphosate products have been 
sold worldwide under numerous trade names, 
including: Abundit Extra; Credit; Xtreme; 
Glifonox; Glyphogan; Ground-Up; Rodeo; 
Roundup; Touchdown; Tragli; Wipe Out; 
Yerbimat (Farm Chemicals International. 
2015).

1.1.2 Structural and m olecular form ulae and  
relative m olecular mass

Ov OH

V
:,c/  Xoh

CH,
/

Molecular formula: C,H8NOsP 
Relative molecular mass: 169.07 
Additional information on chemical struc

ture is also available in the PubChem Compound 
database (NCBI, 2015).

1.1.3 Chem ical and physical properties o f  the 
pure substance

Description: Glyphosate acid is a colour
less, odourless, crystalline solid. It is 
formulated as a salt consisting of the 
deprotonated acid of glyphosate and 
a cation (isopropylamine, ammon
ium, or sodium), with more than one salt in 
some formulations.
Solubility: The acid is of medium solubility 
at 11.6 g/L in water (at 25 °C) and insoluble 
in common organic solvents such as acetone, 
ethanol, and xylene; the alkali-metal and

1
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amine salts are readily soluble in water
(Tomlin. 2000).
Volatility: Vapour pressure, 1.31 x 10~2mPaat 
25 °C (negligible) ( Fomlin. 2000).
Stability: Glyphosate is stable to hydrolysis 
in the range of pH 3 to pH 9, and relatively 
stable to photodegradation ( fomlin. 2000). 
Glyphosate is not readily hydrolysed or 
oxidized in the field (Rueppel el j if 1977). 
It decomposes on heating, producing toxic 
fumes that include nitrogen oxides and phos
phorus oxides (IPGS. 2003).
Reactivity: Attacks iron and galvanized steel
H PC S, 2005).

Octanol/water partition coefficient (P): log 
P, < -3.2 (pH 2-5, 20 °C) (OECD method 107)
(Tomlin, 2000).
Henry’s law: < 2.1 x 10-7 Pa m3 moH ( fom lin,
2000).
Conversion factor: Assuming normal temper
ature (25 °C) and pressure (101 kPa), mg/m3 
= 6.92 x ppm.

1 1.4 Technical products and impurities

Glyphosate is formulated as an isopropyl
amine, am m onium , or sodium  salt in water- 
soluble concentrates and water-soluble gran
ules. The relevant impurities in glyphosate technical 
concentrates are formaldehyde (maximum, 1.3 g/kg), 
N-nitrosoglyphosate (maximum, 1 mg/kg), and N- 
nitroso - JV-phosphcnomet hylglyc i ne (I-AC), 2000). 
Surfactants and sulfuric and phosphoric acids 
may be added to formulations of glyphosate, with 
type and concentration differing by formulation 
(¡P CS, 1994).

1.2 Production and use
1.2.1 Production

(a) Manufacturing processes

Glyphosate was first synthesized in 1950 as 
a potential pharmaceutical compound, but its 
herbicidal activity was not discovered until it 
was re-synthesized and tested in 1970 (Szekacs 
& Darvas, 2012). The isopropylamine, sodium, 
and ammonium salts were introduced in 1974, 
and the trimesium (trimethylsulfonium) salt was 
introduced in Spain in 1989. The original patent 
protection expired outside the USA in 1991, and 
within the USA in 2000. Thereafter, production 
expanded to other major agrochemical m anu
facturers in the USA, Europe, Australia, and 
elsewhere (including large-scale production in 
China), but the leading preparation producer 
remained in the USA (S/ekacs £  Darvas. 2012).

There are two dominant families of commer
cial production of glyphosate, the “alkyl ester” 
pathways, predominant in China, and the 
“iminodiacetic acid” pathways, with im ino
diacetic acid produced from iminodiacetonitrile 
(produced from hydrogen cyanide), diethanol 
amine, or chloroacetic acid (Dill et al., 2010: Tian 
cl /»/.. 2012).

To increase the solubility of technical-grade 
glyphosate acid in water, it is formulated as its 
isopropylamine, monoammonium, potassium, 
sodium, or trimesium salts. Most common 
is the isopropylamine salt, which is formu
lated as a liquid concentrate (active ingredient, 
5.0-62%), ready-to-use liquid (active ingredient, 
0.5-20%), pressurized liquid (active ingredient, 
0.75-0.96%), solid (active ingredient, 76-94%), 
or pellet/tablet (active ingredient, 60-83%) ( t PA, 
1993a).

There are reportedly more than 750 products 
containing glyphosate for sale in the USA alone 
(NEK-. 2010), Formulated products contain 
various non-ionic surfactants, most notably 
polyethyloxylated tallowamine (POEA), to

2
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facilitate uptake by plants (S/ékacs & Darvas. 
2012). Formulations might contain other active 
ingredients, such as simasine, 2,4-dichlorophen- 
oxyacetic acid (2,4-D), or 4-chloro-2-methyl- 
phenoxyacetic acid (IPCS, 199o). with herbicide 
resistance driving demand for new herbicide 
formulations containing multiple active ingredi
ents (I reedonia, 2012).

(b) Production volume

Glyphosate is reported to be manufactured 
by at least 91 producers in 20 countries, including 
53 in China, 9 in India, 5 in the USA, and others 
in Australia, Canada, Cyprus, Egypt, Germany, 
Guatemala, Hungary, Israel, Malaysia, Mexico, 
Singapore, Spain, Taiwan (China), Thailand, 
Turkey, the United Kingdom, and Venezuela 
(Farm Chemicals International. 2015). Glyph
osate was registered in over 130 countries as of 
2010 and is probably the most heavily used herbi
cide in the world, with an annual global produc
tion volume estimated at approximately 600 000 
tonnes in 2008, rising to about 650 000 tonnes in 
2011, and to 720 000 tonnes in 2012 (Dill et al., 
2010; CCM International. 2011; Hilton. 2012; 
Transparency Market Research. 2014).

Production and use of glyphosate have risen 
dramatically due to the expiry of patent protec
tion (see above), with increased promotion of 
non-till agriculture, and with the introduction 
in 1996 of genetically modified glyphosate-tol- 
erant crop varieties (S/ckacs & Darvas, 2012). 
In the USA alone, more than 80 000 tonnes of 
glyphosate were used in 2007 (rising from less 
than 4000 tonnes in 1987) (EPA. 1997. 2011). 
This rapid growth rate was also observed in 
Asia, which accounted for 30% of world demand 
for glyphosate in 2012 ( Transparency Market 
Research. 2014). In India, production increased 
from 308 tonnes in 2003-2004, to 2100 tonnes in 
2007-2008 (Minis11 y of Chemicals £  Fertilizers.
2008). China currently produces more than 
40% of the global supply of glyphosate, exports 
almost 35% of the global supply (Hilton, 2012),

and reportedly has sufficient production capacity 
to satisfy total global demand (Yin, 2011).

1.2.2 Uses

Glyphosate is a broad-spectrum, post-emergent, 
non-selective, systemic herbicide, which effectively 
kills or suppresses all plant types, including grasses, 
perennials, vines, shrubs, and trees. When applied 
at lower rates, glyphosate is a plant-growth regulator 
and desiccant. It has agricultural and non-agricul- 
tural uses throughout the world.

(a) Agriculture

Glyphosate is effective against more than 100 
annual broadleaf weed and grass species, and 
more than 60 perennial weed species (Dill ct ul.,
2010). Application rates are about 1.5-2 kg/ha 
for pre-harvest, post-planting, and pre-emer
gence use; about 4.3 kg/ha as a directed spray in 
vines, orchards, pastures, forestry, and industrial 
weed control; and about 2 kg/ha as an aquatic 
herbicide (Tomlin, 2000). Common application 
methods include broadcast, aerial, spot, and 
directed spray applications (1 PA, 1993a).

Due to its broad-spectrum activity, the 
use of glyphosate in agriculture was formerly 
limited to post-harvest treatments and weed 
control between established rows of tree, nut, 
and vine crops. Widespread adoption of no-till 
and conservation-till practices (which require 
chemical weed control while reducing soil 
erosion and labour and fuel costs) and the intro
duction of transgenic crop varieties engineered 
to be resistant to glyphosate have transformed 
glyphosate to a post-emergent, selective herbi
cide for use on annual crops (Duke_£ Powles, 
2009; Dill et al. 2010). Glyphosate-resistant 
transgenic varieties have been widely adopted 
for the production of corn, cotton, canola, and 
soybean (Duke & Powles, 2009). Production 
of such crops accounted for 45% of worldwide 
demand for glyphosate in 2012 (Transparency 
Market Research. 2014). However, in Europe,
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where the planting of genetically modified crops 
has been largely restricted, post-harvest treat
ment is still the most common application of 
glyphosate ((ilvphosate Task Force, 2014). Intense 
and continuous use of glyphosate has led to the 
emergence of resistant weeds that may reduce its 
effectiveness (Duke & Powles, 2009).

(b) Residential use

Glyphosate is widely used for household 
weed control throughout the world. In the USA, 
glyphosate was consistently ranked as the second 
most commonly used pesticide (after 2,4-D) in 
the home and garden market sector between 
2001 and 2007, with an annual use of 2000-4000 
tonnes (EPA, 2011).

(c) Other uses

Glyphosate was initially used to control 
perennial weeds on ditch banks and roadsides 
and under power lines (( fill el ai. 2010). It is also 
used to control invasive species in aquatic or 
wetland systems (T_u ct u i, 2001). Approximately 
1-2% of total glyphosate use in the USA is in 
forest management (Mance, 7012).

Glyphosate has been used in a large-scale 
aerial herbicide-spraying programme begun 
in 2000 to reduce the production of cocaine in 
Colombia (l.ubick, 2009), and of marijuana in 
Mexico and South America (Szekacs & Daryas, 
2012).

(d) Regulation

Glyphosate has been registered for use in 
at least 130 countries (Dill cl n/., 2010). In the 
USA, all uses are eligible for registration on the 
basis of a finding that glyphosate “does not pose 
unreasonable risks or adverse effects to humans 
or the environment” (I:PA. 1993a). A review 
conducted in 2001 in connection with the regis
tration process in the European Union reached 
similar conclusions regarding animal and human 
safety, although the protection of groundwater

during non-crop use was identified as requiring 
particular attention in the short term (European 
C()nu 11is.sion. 2002).

Nevertheless, as worldwide rates of adoption 
of herbicide-resistant crops and of glyphosate use 
have risen in recent years (Duke & Powles. 2UP9), 
restriction of glyphosate use has been enacted or 
proposed in several countries, although docu
mented actions are few. In 2013, the Legislative 
Assembly of El Salvador voted a ban on the use of 
pesticides containing glyphosate (Republic,! de 
El Salvador. 2013). Sri Lanka is reported to have 
instituted a partial ban based on an increasing 
number of cases of chronic kidney disease among 
agricultural workers, but the ban was lifted after 
2 months (ColomboPage, 2014). The reasons for 
such actions have included the development of 
resistance among weed species, as well as health 
concerns.

No limits for occupational exposure were 
identified by the Working Group.

1.3 Measurement and analysis
Several methods exist for the measurement of 

glyphosate and its major metabolite aminomethyl 
phosphonic acid (AMPA) in various media, 
including air, water, urine, and serum (Table 1 ). 
The methods largely involve derivatization with 
9-fluorenylmethyl chloroformate (FMOC-Cl) 
to reach sufficient retention in chromatographic 
columns (Kuang el al., 2011; Botero-Cov ct a i, 
2013). Chromatographic techniques that do not 
require derivatization and enzyme-linked immuno
sorbent assays (ELISA) are under development 
(Sanchls cl a I 2012).

4
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Table 1.1 Methods for the analysis of glyphosate

Sample m atrix Assay procedure Limit of detection Reference
Water HPLC/MS (with online solid- 

phase extraction)
0.08 pg/L Lee e t  til. (2001)

ELISA 0.05 pg/L Abraxis (2005)
LC-LC-FD 0.02 pg/L Hidalgo e t n l. (2004)
Post HPLC column 
derivatization and FD

6.0 pg/L EPA (1992)

UV visible spectrophotometer 
(at 435 ng)

1.1 pg/L Ian e t a l. (2009)

Soil LC-MS/MS with triple 
quadrupole

0.02 mg/kg Hotero-Cov e t  a l. (2013)

Dust GC-MS-MID 0.0007 mg/kg Curwin e l  a l. (2005)
Air HPLC/MS with online solid- 

phase extraction
0.01 ng/mJ Chang c t  a l. (2011)

Fruits and vegetables HILIC/WAX with ESI-MS/MS 1-2 pg/kg Chen e t  a l. (2013)
Field crops
(rice, maize and soybean)

LC-ESI-MS/MS 0.007-0.12 mg/kg Botero-Cov e t a l. (2013b)

Plant vegetation HPLC with single polymeric 
amino column

0.3 mg/kg Nedeikoska & Low (2004)

Serum LC-MS/MS 0.03 pg/mL 
0.02 pg/mL
(aminomethylphosphonic acid)
0,01 pg/mL
(3-methylphosphinicopropionic acid)

Yoshioka e l a l. (2011)

Urine HPLC with post-column 
reaction and FD

1 pg/L Acquavella e l a l. (2004)

ELISA 0.9 pg/L Curwin e t  a l. (2007)
ELISA, enzyme-linked immunosorbent assay; ESI-MS/MS, electrospray tandem mass spectrometry; FD, fluorescence detection; GC-MS- 
MID, gas chromatography-mass spectrometry in multiple ion detection mode; IIILIC/WAX, hydrophilic interaction/weak anion-exchange 
liquid chromatography; HPLC/MS, high-performance liquid chromatography with mass spectrometry; HPLC, high-performance liquid 
chromatography; LC-ESI-MS/MS, liquid chromatography-elcctrospray-tandem mass spectrometry; LC-LC, coupled-column liquid 
chromatography; LC-MS/MS, liquid chromatography-tandem mass spectrometry

1.4 Occurrence and exposure
1.4.1 Exposure

(a) Occupational exposure

Studies related to occupational exposure 
to glyphosate have included farmers and tree 
nursery workers in the USA, forestry workers in 
Canada and Finland, and municipal weed-con
trol workers in the United Kingdom (Centre de 
Toxicologie du Québec. 1988; lauhiainen et al., 
1991: Lavv et a i, 1992; Acquavella et a i, 2004; 
Johnson et a i, 2005). Para-occupational expo
sures to glyphosate have also been measured in

farming families (Acquavella et al.. 2004; Curwin 
el a i. 2007). These studies are summarized in
Table 1.2.

(b) Community exposure

Glyphosate can be found in soil, air, surface 
water, and groundwater (EPA, 1993a). Once in 
the environment, glyphosate is adsorbed to soil 
and is broken down by soil microbes to AMPA 
(Borggaard & Gimsing, 2008). In surface water, 
glyphosate is not readily broken down by water 
or sunlight (EPA. 1993a). Despite extensive 
worldwide use, there are relatively few studies

5



Table 1.2 Occupational and para-occupational exposure to glyphosate 30n
Industry, 
country, year

F o r e s tr y  

Canada, 1986

Finland, year NR

USA, year NR

W e e d  c o n tr o l  

Uniled Kingdom, 
year NR

Job/process Results Commcnts/additional data Reference

Signaller

Operator

Overseer

Mixer

Workers performing 
silvicultural clearing 
(n = 5)

Workers in two tree 
nurseries (n  = 14)

Arithmetic mean of air glyphosate 
concentrations:
Morning, 0.63 pg/m3 
Afternoon, 2.25 pg/m3 
Morning, 1.43 pg/m3 
Afternoon, 6.49 pg/m5 
Morning, 0.84 pg/m5 
Afternoon, 2.41 pg/m5 
Morning, 5.15 pg/m5 
Afternoon, 5.48 pg/m '
Range of air glyphosate concentrations, 
< 1.25-15.7 pg/m3 (mean, NR)

In dermal sampling, 1 of 78 dislodgeable 
residue samples were positive for 
glyphosate
The body portions receiving the highest 
exposure were ankles and thighs

Air concentrations of glyphosate were Centre dc fox i cologic
measured at the work sites of one crew (five
workers) during ground spraying
268 urine samples were collected from 40
workers; glyphosate concentration was above
the LOD (15 pg/L) in 14%

Clearing work was done with brush saws lauhiainen e t a l .  11991)
equipped with pressurized herbicide sprayers 
Air samples were taken from the workers’ 
breathing zone (number of samples, NR)
Urine samples were collected during the 
afternoons of the working week (number, NR)
Glyphosate concentrations in urine were below 
the LOD (10 pg/L)
Dermal exposure was assessed with gauze Law et til. (1992)
patches attached to the clothing and hand
rinsing
Analysis of daily urine samples repeated over 
12 weeks was negative for glyphosate

Municipal weed 
control workers
(w = 18)

Median, 16 mg/m5 in 85% of 21 personal 
air samples for workers spraying with 
mechanized all-terrain vehicle 
Median, 0.12 mg/m5 in 33% of 12 
personal air samples collected from 
workers with backpack with lance 
applications

[The Working Group noted that the reported 
air concentrations were substantially higher 
than in other studies, but was unable to 
confirm whether the data were for glyphosate 
or total spray fluid]
Dermal exposure was also measured, but 
reported as total spray fluid, rather than 
glyphosate

lohnson e t a l. (2005)
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Table 1.2 1[continued)

Industry, 
country, year

Job/process Results Comments/additional data Reference

F a r m in g

USA, 2001 Occupational and 
para-occupational 
exposure of 24 
farm families (24 
fathers, 24 mothers 
and 65 children). 
Comparison group: 
25 non-farm families 
(23 fathers, 24 
mothers and 51 
children)

Geometric mean (range) of glyphosate 
concentrations in urine:
Non-farm fathers, 1.4 pg/L (0.13-5.4) 
Farm fathers, 1.9 pg/L (0.02-18) 
Non-farm mothers, 1.2 pg/L (0.06-5.0) 
Farm mothers, 1.5 pg/L (0.10-11) 
Non-farm children, 2.7 pg/L (0.10-9.4) 
Farm children, 2.0 pg/L (0.02-18)

Frequency of glyphosate detection ranged 
from 66% to 88% of samples (observed 
concentrations below the LOD were not 
censored). Detection frequency and geometric 
mean concentration were not significantly 
different between farm and non-farm families 
(observed concentrations below the LOD were 
not censored)

Curwin e t a l. (20071

USA, year NR Occupational and 
para-occupational 
exposures of 48 
farmers, their 
spouses, and 79 
children

Geometric mean (range) of glyphosate 
concentration in urine on day of 
application:
Farmers, 3.2 pg/L (< 1 to 233 pg/L) 
Spouses, NR (< 1 to 3 pg/L)
Children, NR (< 1 to 29 pg/L)

24-hour composite urine samples for each 
family member the day before, the day of, 
and for 3 days after a glyphosate application. 
Glyphosate was detected in 60% of farmers’ 
samples, 4% of spouses’ samples and 12% of 
children’s samples the day of spraying and 
in 27% of farmers’ samples, 2% of spouses’ 
samples and 5% of children’s samples 3 days 
after

Acuuavella e l a l  (70041

LO D , lim it o f detection; N D , not detected; N R , not reported
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on the environmental occurrence of glyphosate
(Kolpin cl a t 2006).

(0 Air
Very few studies of glyphosate in air were 

available to the Working Group. Air and rain
water samples were collected during two 
growing seasons in agricultural areas in Indiana, 
Mississippi, and Iowa, USA (Chang cl at., 201J). 
The frequency of glyphosate detection ranged 
from 60% to 100% in air and rain samples, and 
concentrations ranged from < 0.01 to 9.1 ng/m 5 
in air samples and from < 0.1 to 2.5 pg/L in 
rainwater samples. Atmospheric deposition 
was measured at three sites in Alberta, Canada. 
Rainfall and particulate matter were collected 
as total deposition at 7-day intervals throughout 
the growing season. Glyphosate deposition 
rates ranged from < 0.01 to 1.51 pg/m2 per day 
(Humphries cl til.. 2005).

No data were available to the Working Group 
regarding glyphosate concentrations in indoor 
air.

(ii) Water
Glyphosate in the soil can leach into ground- 

water, although the rate of leaching is believed to 
be low (Borggaard & Gimsing. 2008; Si monsen 
cl al. 2008). It can also reach surface waters by 
direct emission, atmospheric deposition, and by 
adsorption to soil particles suspended in runoff 
water (KPA, 1993a; Humphries et ai. 2005k 
1 able L3 summarizes data on concentrations 
of glyphosate or AMPA in surface water and 
groundwater.

(Hi) Residues in food and dietary intake
Glyphosate residues have been measured 

in cereals, fruits, and vegetables ( Table 1.4). 
Residues were detected in 0.04% of 74 305 
samples of fruits, vegetables, and cereals tested 
from 27 member states of the European Union, 
and from Norway, and Iceland in 2007 (I I SA,
2009). In cereals, residues were detected in 50% 
of samples tested in Denmark in 1998-1999, and

in 9.5% of samples tested from member states 
of the European Union, and from Norway and 
Iceland in 2007 (Granby £  Vahl. 2001; EESA, 
2_009). In the United Kingdom, food sampling 
for glyphosate residues has concentrated mainly 
on cereals, including bread and flour. Glyphosate 
has been detected regularly and usually below the 
reporting limit (Pesticide' Residues Committee, 
2007. 2008, 2009. 2010). Six out of eight samples 
of tofu made from Brazilian soy contained 
glyphosate, with the highest level registered 
being 1.1 mg/kg (Pesticide Residues Committee.
2007).

(iv) Household exposure
In a survey of 246 California households, 

14% were found to possess at least one product 
containing glyphosate (Ciuha cl ill., 2013).

(v) Biological markers
Glyphosate concentrations in urine were 

analysed in urban populations in Europe, and 
in a rural population living near areas sprayed 
for drug eradication in Colombia (MI.HB, 2013; 
Varona ct al., 2009). Glyphosate concentrations 
in Colombia were considerably higher than in 
Europe, with means of 7.6 ng/L and 0.02 pg/L, 
respectively (Table 1.5). In a study in Canada, 
glyphosate concentrations in serum ranged from 
undetectable to 93.6 ng/mL in non-pregnant 
women (n = 39), and were undetectable in serum 
of pregnant women (n = 30) and fetal cord serum 
(Aris £  Leblanc. 2011).

1.4.2 Exposure assessment

Exposure assessment methods in epidemio
logical studies on glyphosate and cancer are 
discussed in Section 2.0 of the Monograph on 
Malathion, in the present volume.

8



Table 1.3 Concentration of glyphosate and AMPA in water

Country, year of 
sampling

Number of samplcs/setting Results Comment s/additional data Reference

USA, 2002 51 streams/agricultural areas 
(154 samples)

Maximum glyphosate 
concentration, 5.1 pg/L 
Maximum AMPA concentration, 
3.67 pg/L

The samples were taken following 
pre- and post-emergence 
application and during harvest 
season
Glyphosate detected in 36% of 
samples; AMPA detected in 69% 
of samples

Battaglin e t a i .  (2005)

USA, 2002 10 wastewater treatment plants 
and two reference streams (40 
samples)

Glyphosate, range < 0.1-2 pg/L 
AMPA, range < 0.1-4 pg/L

AMPA was detected more 
frequently (67.5%) than 
glyphosate (17.5%)

Koloin e t a l . (20061

Canada, 2002 3 wetlands and 10 agricultural 
streams (74 samples)

Range, < 0.02-6.08 pg/L Glyphosate was detected in most 
of the wetlands and streams (22% 
of samples)

Humphries e t  a l. (20051

Colombia, year NR 5 areas near crops and coca 
eradication (24 samples)

Maximum concentration,
30.1 pg/L (minimum and mean, 
NR)

Glyphosate detected in 8% of 
samples (MDL, 25 pg/L)

Solomon e t  a i .  (2007)

Denmark, 2010-2012 4 agricultural sites (450 samples) Range, <0.1-31,0 pg/L Glyphosate detected in 23% of 
samples; AMPA detected in 25% 
of samples

Rrüch e t  a l. (2013)

A M PA , am inom cthylphosphonic acid; M D L, method detection lim it; N R , data not reported
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Table 1.4 Concentrations of glyphosate in food

Country, year Type of food Results Comments/additional data Reference

Denmark, 1998, 1999 Cereals > 50% of samples had detectable 
residues
Means: 0.08 mg/kg in 1999 and 
0.11 mg/kg in 1998

49 samples of the 1998 harvest 
46 samples of the 1999 harvest

Granby &Vah1(2001)

27 European Union 
member states, Norway 
and Iceland, 2007

350 different food 
commodities

0.04% of 2302 fruit, vegetable and
cereal samples
9.5% of 409 cereal samples

74 305 total samples El'SA (2009)

Australia, 2006 Composite sample of foods 
consumed in 24 hours

75% of samples had detectable 
residues
Mean, 0.08 mg/kg 
Range, < 0.005 to 0.5 mg/kg

20 total samples from 43 
pregnant women

McQueen el a l. (2012)
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Table 1.5 Concentrations of glyphosate and AMPA in urine and serum in the general population

Country, period Subjects Results Com ments/additional data Reference

U r in e

18 European countries, 2013 162 individuals Arithmetic mean of glyphosate 
concentration:
0.21 pg/L (maximum, 1.56 pg/L) 
Arithmetic mean of AMPA 
concentration;
0.19 pg/L (maximum, 2.63 pg/L)

44% of samples had quantifiable 
levels of glyphosate and 36% had 
quantifiable levels of AMPA

MLHBÍ2013)

Colombia, 2005-2006 112 residents of areas 
sprayed for drug 
eradication

Arithmetic mean (range) of 
glyphosate concentration:
7.6 pg/L (ND-130 pg/L)
Arithmetic mean (range) of AMPA 
concentration;
1.6 pg/L (ND-56 pg/L)

40% of samples had detectable 
levels of glyphosate and 4% had 
detectable levels of AMPA (LODs, 
0.5 and 1.0 pg/L, respectively) 
Urinary glyphosate was associated 
with use in agriculture

Varona e t  a l. (2009)

S e r u m

Canada, NR 30 pregnant women 
and 39 non-pregnant 
women

ND in serum of pregnant women or 
cord serum;
Arithmetic mean, 73.6 pg/L,
(range, ND-93.6 pg/L) in non
pregnant women

No subject had worked or lived 
with a spouse working in contact 
with pesticides 
LOD, 15 pg/L

Aris 8ì Leblanc (2011)
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2. Cancer in Humans

2.0 General discussion of 
epidemiological studies

A general discussion of the epidemiological 
studies on agents considered in Volume 112 of 
the IARCMonographs is presented in Section 2.0 
of the Monograph on Malathion.

2.1 Cohort studies
See Table 2.1
The Agricultural Health Study (AHS), a large 

prospective cohort study conducted in Iowa and 
North Carolina in the USA, is the only cohort 
study to date to have published findings on expo
sure to glyphosate and the risk of cancer at many 
different sites (A lava nia et al., 1996: NIH. 20151 
(see Section 2.0 of the Monograph on Malathion, 
in the present volume, for a detailed description 
of this study).

The enrolment questionnaire from the AHS 
sought information on the use of 50 pesticides 
(ever or never exposure), crops grown and live
stock raised, personal protective equipment used, 
pesticide application methods used, other agri
cultural activities and exposures, nonfarm occup 
ational exposures, and several lifestyle, medical, 
and dietary variables. The duration (years) and 
frequency (days per year) of use was investigated 
for 22 of the 50 pesticides in the enrolment ques
tionnaire. [Blair et al. (2011) assessed the possible 
impact of misclassification of occupational pesti
cide exposure on relative risks, demonstrating 
that nondifferential exposure misclassification 
biases relative risk estimates towards the null in 
the AHS and tends to decrease the study power.]

The first report of cancer incidence associated 
with pesticide use in the AHS cohort considered 
cancer of the prostate (Alavanja cl al., 2003). Risk 
estimates for exposure to glyphosate were not 
presented, but no significant exposure-response

association with cancer of the prostate was found. 
In an updated analysis of the AHS (1993 to 2001), 
I >e Roos el al. (2005a) (see below) also found no 
association between exposure to glyphosate and 
cancer of the prostate (relative risk, RR, 1.1; 95% 
Cl, 0.9-1.3) and no exposure-response trend (P 
value for trend = 0.69).

De Roos et al. (2005a) also evaluated associ
ations between exposure to glyphosate and the 
incidence of cancer at several other sites. The 
prevalence of ever-use of glyphosate was 75.5% 
(> 97% of users were men). In this analysis, expo
sure to glyphosate was defined as: (a) ever personally 
mixed or applied products containing glyphosate;
(b) cumulative lifetime days of use, or “cumulative 
exposure days” (years of use x days/year); and
(c) intensity-weighted cumulative exposure days 
(years of use x days/year x estimated intensity 
level). Poisson regression was used to estimate 
exposure-response relations between expo
sure to glyphosate and incidence of all cancers 
combined, and incidence of 12 cancer types: lung, 
melanoma, multiple myeloma, and non-Hodgkin 
lymphoma (see fable 2.1) as well as oral cavity, 
colon, rectum, pancreas, kidney, bladder, prostate, 
and leukaemia (results not tabulated). Exposure 
to glyphosate was not associated with all cancers 
combined (RR, 1.0; 95% Cl, 0.9-1.2; 2088 cases). 
For multiple myeloma, the relative risk was 1.1 
(95% Cl, 0.5-2.4; 32 cases) when adjusted for 
age, but was 2.6 (95% Cl, 0.7-9.4) when adjusted 
for multiple confounders (age, smoking, other 
pesticides, alcohol consumption, family history 
of cancer, and education); in analyses by cumu
lative exposure-days and intensity-weighted 
exposure-days, the relative risks were around 2.0 
in the highest tertiles. Furthermore, the associ
ation between multiple myeloma and exposure 
to glyphosate only appeared within the subgroup 
for which complete data were available on all the 
covariates; even without any adjustment, the risk 
of multiple myeloma associated with glypho
sate use was increased by twofold among the 
smaller subgroup with available covariate data
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Table 2.1 Cohort studies of cancer and exposure to glyphosate

Reference, Population size, description, Organ site Exposure Exposed Risk estimate Covariates Comments
study location, exposure assessment method (ICD code) category or cases/ (95% Cl) controlled
enrolm ent level deaths
period/follow- 
up, study-design

De Rons e t  a l. 54 315 (after exclusions, from a total Lung Ever use 147 0.9 (0.6-1.3) Age, smoking, AHS
(2005al cohort of 57 311) licensed pesticide Cumulative other Cancer sites
Iowa and North applicators exposure pesticides, investigated: lung,
Carolina, USA Exposure assessment method: days: alcohol melanoma, multiple
1993-2001 questionnaire; semi-quantitative 1-20 40 1 (ref.) consumption, myeloma and NHL

assessment from self-administered 
questionnaire 21-56 26 0.9 (0.5-1.5) family history 

of cancer,
(results tabulated) as 
well as oral cavity,

57-2678 26 0.7 (0.4-1.2) education colon, rectum, pancreas,
Trend-test P value: 0.21 kidney, bladder, prostate

Melanoma Ever use 75 1.6 (0.8-3) and leukaemia (results
1-20 23 1 (ref.) not tabulated)

21-56 20 1.2 (0.7-2.3) [Strengths: large cohort;

57-2678 14 0.9 (0.5-1.8) specific assessment 
of glyphosate;

I rend-test P  value: 0.77
1.1 (0.5-2.4) Age only

semiquantitative
Multiple Ever use 32 exposure assessment.
myeloma Ever use 32 2.6 (0.7-9.4) (results in this Limitations: risk

1-20 8 1 (ref.) row only) estimates based on

21-56 5 1.1 (0.4-3.5) self-reported exposure; 
limited to licensed

I rend-test P  value: 0.27
1.1 (0.7-1.9)

applicators; potential
NHL Ever use 92 exposure to multiple

1-20 29 1 (ref.) pesticides]
21-56 15 0.7 (0.4-1.4)
57-2678 17 0.9 (0.5-1.6)
Trend-test P value: 0.73
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Table 2.1 (continued)

Reference, 
study location, 
enrolment 
period/follow- 
up, study-design

Population size, description, 
exposure assessment method

Organ site 
(ICD code)

Exposure 
category or 
level

Exposed
cases/
deaths

Risk estimate
(95% Cl)

Covariates
controlled

Comments

Flower e t  til. 21 375; children (aged < 19 years) Childhood Maternal 13 0.61 Child’s age at AHS
(2004)
Iowa and North
Carolina, USA
Enrolment,
1993-1997;
follow-up,
1975-1998

of licensed pesticide applicators in 
Iowa (n = 17 357) and North Carolina 
(n  = 4018)
Exposure assessment method: 
questionnaire

cancer use of
glyphosate
(ever)
Paternal
use of
glyphosate
(prenatal)

6

(0.32-1.16)

0.84
(0.35-2.34)

enrolment Glyphosate results relate 
to the Iowa participants 
only
[Strengths: Large cohort; 
specific assessment of 
glyphosate. Limitations: 
based on self-reported 
exposure; potential 
exposure to multiple 
pesticides; limited 
power for glyphosate 
exposure]

Engel c l a l. 
(2005)
Iowa and North 
Carolina, USA 
Enrolment, 
1993-1997 
follow-up to 
2000

30 454 wives of licensed pesticide 
applicators with no history of breast 
cancer at enrolment 
Exposure assessment method: 
questionnaire

Breast Direct 
exposure to 
glyphosate 
Husband’s 
use of 
glyphosate

82

109

0.9(07-1.1) 

1.3 (0.8-1.9)

Age, race, state AHS
[Strengths: large cohort; 
specific assessment of 
glyphosate. Limitations: 
based on self-reported 
exposure; limited to 
licensed applicators; 
potential exposure to 
multiple pesticides]

Lee e t ill. (2007) 
Iowa and North

56 813 licensed pesticide applicators 
Exposure assessment method:

Colorectum Exposed to 
glyphosate

225 1.2 (0.9-1.6) Age, smoking, 
state, total

AHS
(Strengths; large cohort.

Carolina, USA 
Enrolment, 
1993-1997; 
follow-up to 2002

questionnaire Colon

Rectum

Exposed to 
glyphosate 
Exposed to 
glyphosate

151

74

days of any
pesticide
application

Limitations: based on 
self-reported exposure, 
limited to licensed 
applicators, potential
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Table 2.1 (continued)

Reference, 
study location, 
enrolm ent 
period/follow- 
up, study-design

Population size, description, 
exposure assessment method

Organ site 
(ICD code)

Exposure 
category or 
level

Exposed
cases/
deaths

Risk estimate
(95% Cl)

Covariates
controlled

Comments

Andreotti e t  a l. Cases: 93 (response rate, NR); identified Pancreas Ever 55 1.1 (0.6-1.7) Age, smoking, AHS
(20091 from population-based state-cancer (C25.0- exposure to diabetes [Strengths: large cohort.
Iowa and North registries. Incident cases diagnosed C25.9) glyphosate Limitations: based on
Carolina, USA between enrolment and 31 December Low 29 self-reported exposure;
Enrolment, 2004 (> 9 years follow-up) included in (< 185 days) limited to licensed
1993-1997; the analysis. Participants with any type High 19 applicators; potential
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follow-up to 
2004
Nested case- 
control study

of prevalent cancer at enrolment were 
excluded. Vital status was obtained from 
the state death registries and the National 
Death Index. Participants who left North 
Carolina or Iowa were not subsequently 
followed for cancer occurrence. Controls: 
82 503 (response rate, NR); cancer-free 
participants enrolled in the cohort 
Exposure assessment method: 
questionnaire providing detailed 
pesticide use, demographic and lifestyle 
information. Ever-usc of 24 pesticides and 
intensity-weighted lifetime days [(lifetime 
exposure days) x (exposure intensity 
score)] of 13 pesticides was assessed

(> 185 days)
Trend-test P  value: 0.85

exposure to mul 
pesticides]

AM S, A gricu ltura l Health Study; N H L ,  non-H odgkin  lymphoma; N R , not reported
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(I)c R ous ct al,, 2005b). [The study had limited 
power for the analysis of multiple myeloma; there 
were missing data on covariates when multiple 
adjustments were done, limiting the interpreta
tion of the findings.] A re-analysis of these data 
conducted by Sorahan (2015) confirmed that the 
excess risk of multiple myeloma was present only 
in the subset with no missing information (of 22 
cases in the restricted data set). In a subsequent 
cross-sectional analysis of 678 male participants 
from the same cohort, Landgren cl al. (2()<)c>) 
did not find an association between exposure to 
glyphosate and risk of monoclonal gammopathy 
of undetermined significance (MGUS), a prema- 
lignant plasma disorder that often precedes 
multiple myeloma (odds ratio, OR, 0.5; 95% Cl, 
0.2-1.0; 27 exposed cases).

Flower ct al. (2004) reported the results of the 
analyses of risk of childhood cancer associated 
with pesticide application by parents in the AHS. 
The analyses for glyphosate were conducted 
among 17 357 children of Iowa pesticide appli
cators from the AHS. Parents provided data 
via questionnaires (1993-1997) and the cancer 
follow-up (retrospectively and prospectively) 
was done through the state cancer registries. 
Fifty incident childhood cancers were identi
fied (1975-1998; age, 0-19 years). For all the 
children of the pesticide applicators, risk was 
increased for all childhood cancers combined, 
for all lymphomas combined, and for Hodgkin 
lymphoma, compared with the general popula
tion. The odds ratio for use of glyphosate and risk 
of childhood cancer was 0.61 (95% Cl, 0.32-1.16; 
13 exposed cases) for maternal use and 0.84 (95% 
Cl, 0.35-2.34; 6 exposed cases) for paternal use. 
[The Working Group noted that this analysis 
had limited power to study a rare disease such as 
childhood cancer.]

Engel ct al. (2005) reported on incidence of 
cancer of the breast among farmers’ wives in the 
AHS cohort, which included 30 454 women with 
no history of cancer of the breast before enrol
ment in 1993-1997. Information on pesticide use

and other factors was obtained at enrolment by 
self-administered questionnaire from the women 
and their husbands. A total of 309 incident cases 
of cancer of the breast were identified until 2000. 
There was no difference in incidence of cancer of 
the breast for women who reported ever applying 
pesticides compared with the general popula
tion. The relative risk for cancer of the breast 
among women who had personally used glypho
sate was 0.9 (95% Cl, 0.7-1.1; 82 cases) and 1.3 
(95% CI, 0.8-1.9; 109 cases) among women who 
never used pesticides but whose husband had 
used glyphosate. [No information on duration of 
glyphosate use by the husband was presented.] 
Results for glyphosate were not further stratified 
by menopausal status.

Lee ct al, (2007) investigated the relation
ship between exposure to agricultural pesticides 
and incidence of cancer of the colorectum in 
the AHS. A total of 56 813 pesticide applicators 
with no prior history of cancer of the colorectum 
were included in this analysis, and 305 incident 
cancers of the colorectum (colon, 212; rectum, 
93) were diagnosed during the study period, 
1993-2002. Most of the 50 pesticides studied 
were not associated with risk of cancer of the 
colorectum, and the relative risks with expo
sure to glyphosate were 1.2 (95% Cl, 0.9-1.6), 1.0 
(95% Cl, 0.7-1.5), and 1.6 (95% CI, 0.9-2.9) for 
cancers of the colorectum, colon, and rectum, 
respectively.

Andreotti et al. (200V) examined associations 
between the use of pesticides and cancer of the 
pancreas using a case-control analysis nested 
in the AHS. This analysis included 93 incident 
cases of cancer of the pancreas (64 applicators, 
29 spouses) and 82 503 cancer-free controls who 
completed the enrolment questionnaire. Ever-use 
of 24 pesticides and intensity-weighted life
time days [(lifetime exposure days) x (exposure 
intensity score)] of 13 pesticides were assessed. 
Risk estimates were calculated controlling for 
age, smoking, and diabetes. The odds ratio for 
ever- versus never-exposure to glyphosate was
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1.1 (95% Cl, 0.6-1.7; 55 exposed cases), while 
the odds ratio for the highest category of level of 
intensity-weighted lifetime days was 1.2 (95% Cl, 
0.6-2.6; 19 exposed cases).

Dennis ct til (2010) reported that exposure 
to glyphosate was not associated with cutaneous 
melanoma within the AHS. [The authors did not 
report a risk estimate.]

2.2 Case-control studies on non- 
Hodgkin lymphoma, multiple 
myeloma, and leukaemia

2.2.1 N on-Hodgkin lym phom a

See Table 2.2

(a) Case-control studies in the midwest USA

Cantor el al. (1992) conducted a case-control 
study of incident non-Hodgkin lymphoma (NHL) 
among males in Iowa and Minnesota, USA (see 
the Monograph on Malathion, Section 2.0, for a 
detailed description of this study). A total of 622 
white men and 1245 population-based controls 
were interviewed in person. The association with 
farming occupation and specific agricultural 
exposures were evaluated. When compared with 
non-farmers, the odds ratios for NHL were 1.2 
(95% Cl, 1.0-1.5) for men who had ever farmed, 
and 1.1 (95% Cl, 0.7-1.9; 26 exposed cases; adjusted 
for vital status, age, state, cigarette smoking 
status, family history of lymphohaematopoietic 
cancer, high-risk occupations, and high-risk 
exposures) for ever handling glyphosate. [There 
was low power to assess the risk of NHL associ
ated with exposure to glyphosate. There was no 
adjustment for other pesticides. These data were 
included in the pooled analysis by De Rons cl al. 
(2003).]

Brown ct al. (1993) reported the results of 
a study to evaluate the association between 
multiple myeloma and agricultural risk factors 
in the midwest USA (see the Monograph on

Malathion, Section 2.0, for a detailed description 
of this study). A population-based case-control 
study of 173 white men with multiple myeloma 
and 650 controls was conducted in Iowa, USA, an 
area with a large farming population. A non-sig- 
nificantly elevated risk of multiple myeloma 
was seen among farmers compared with never- 
farmers. The odds ratio related to exposure to 
glyphosate was 1.7 (95% Cl, 0.8-3.6; 11 exposed 
cases). [This study had limited power to assess 
the association between multiple myeloma and 
exposure to glyphosate. Multiple myeloma is 
now considered to be a subtype of NHL.]

De Roos et al. (2003) used pooled data from 
three case-control studies of NHL conducted in 
the 1980s in Nebraska (Zahm cl al.. 1990), Kansas 
( ioar cl ¡il., 1986), and in Iowa and Minnesota 
(Cantor et al.. 1992) (see the Monograph on 
Malathion, Section 2.0, for a detailed description 
of these studies) to examine pesticide exposures in 
farming as risk factors for NHL in men. The study 
population included 870 cases and 2569 controls; 
650 cases and 1933 controls were included for the 
analysis of 47 pesticides controlling for potential 
confounding by other pesticides. Both logistic 
regression and hierarchical regression (adjusted 
estimates were based on prior distributions 
for the pesticide effects, which provides more 
conservative estimates than logistic regression) 
were used in data analysis, and all models were 
essentially adjusted for age, study site, and other 
pesticides. Reported use of glyphosate as well 
as several individual pesticides was associated 
with increased incidence of NHL. Based on 36 
cases exposed, the odds ratios for the association 
between exposure to glyphosate and NHL were
2.1 (95% Cl, 1.1-4.0) in the logistic regression 
analyses and 1.6 (95% Cl, 0.9-2.8) in the hier
archical regression analysis. [The numbers of 
cases and controls were lower than those in the 
pooled analysis by Waddell cl al. (2001 because 
only subjects with no missing data on pesticides 
were included. The strengths of this study when 
compared with other studies are that it was large,
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Table 2 .2  Case-control studies of leukaemia and lymphoma and exposure to glyphosate

Reference, Population size, description, Organ site
location, exposure assessment method (ICD code)
enrolm ent 
period

U SA

Brown e t n i. 
(1 9 9 0 )
Iowa and 
Minnesota, USA 
1981-1983

Cantor e t til. 
(1 9 9 2 )

Iowa and 
Minnesota, USA 
1980-1982

Cases: 578 (340 living, 238 Leukaemia
deceased) (response rate, 86%); 
cancer registry or hospital 
records
Controls: 1245 (820 living,
425 deceased) (response rate,
77-79%); random-digit dialling 
for those aged < 65 years and 
Medicare for those aged > 65 
years
Exposure assessment method: 
questionnaire
Cases: 622 (response rate, 89.0%); NHL 
Iowa health registry records 
and Minnesota hospital and 
pathology records 
Controls: 1245 (response rate,
76-79%); population-based; 
no cancer of the lympho- 
hacmatopoietic system; 
frequency-matched to cases by 
age (5-year group), vital status, 
state. Random-digit dialling 
(aged < 65 years); Medicare 
records (aged > 65 years); state 
death certificate files (deceased 
subjects)
Exposure assessment method: 
questionnaire; in-person 
interview

Exposure Exposed Risk estimate Covariates Comments
category or cases/ (95% Cl) controlled
level deaths

Any 15
glyphosate

0.9 (0.5-1.6) Age, vital status, 
state, tobacco use, 
family history 
lymphopoietic 
cancer, high-risk 
occupations, high 
risk exposures

(Strengths: large 
population based 
study in a farming 
area.
Limitations: not 
controlled for 
exposure to other 
pesticides. Limited 
power for glyphosate 
exposure]

Ever handled 26 
glyphosate

1.1 (0.7-1.9) Age, vital 
status, state, 
smoking status, 
family history 
lymphopoietic 
cancer, high-risk 
occupations, 
high-risk 
exposures

Data subsequentially 
pooled in Dc Roos 
e t a l. (2003k white 
men only 
[Strengths: large 
population-based 
study in farming 
areas.
Limitations: not 
controlled for 
exposure to other 
pesticides. Limited 
power for glyphosate 
exposure]
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Table 2.2 (continued) n
>
33

Reference,
location,
enrolm ent
period

Brown e t a l. 
(1993)
Iowa, USA 
1981-1984

D e  R o o s  e t a l. 

(2003)
Nebraska, Iowa, 
Minnesota, 
Kansas, USA 
1979-1986

Population size, description, Organ site
exposure assessment method (ICD code)

Cases: 173 (response rate, 84%); Multiple
Iowa health registry myeloma
Controls: 650 (response rate,
78%); Random-digit dialling 
(aged < 65 years) and Medicare 
(aged > 65 years)
Exposure assessment method: 
questionnaire
Cases: 650 (response rale, 74.7%); NHL 
cancer registries and hospital 
records
Controls: 1933 (response rate,
75.2%); random-digit dialling,
Medicare, state mortality files 
Exposure assessment method: 
questionnaire; interview (direct 
or next-of-kin)

Exposure 
category or 
level

Exposed Risk estimate Covariates 
cases/ (95% Cl) controlled
deaths

Comments

Any
glyphosate

11 1.7 (0.8-3.6) Age, vital status [Strengths: 
population-based 
study. Areas with high 
prevalence of farming. 
Limitations: limited 
power for glyphosate 
exposure]

Any
glyphosate
exposure

36 2.1 (1.1-4) Age, study area, 
other pesticides

Both logistic 
regression and 
hierarchical regression 
were used in data
analysis, the latter 
providing more 
conservative estimates 
[Strengths: increased 
power when compared 
with other studies, 
population-based, and 
conducted in farming 
areas. Advanced 
analytical methods to 
account for multiple 
exposures]
Included participants 
from Cantor c t a l. 
(1992). Zahm f t  a l. 
(1990). H o a rd  a l. 
(1986). and Brown cl 
a l. (1990)
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Table 2.2 (continued)

Reference, Population size, description, Organ site
location, exposure assessment method (ICD code)
enrolm ent 
period

Lee e t a l. (2004a) 
Iowa, Minnesota 
and Nebraska, 
USA
1980-1986

Canada
McDuffie e t al. 
( 2001)

Canada
1991-1994

Cases: 872 (response rate, NR); NHL 
diagnosed with NHL from 1980 
to 1986
Controls: 2381 (response rate,
NR); frequency-matched 
controls
Exposure assessment method: 
questionnaire; information on 
use of pesticides and history of 
asthma was based on interviews

Cases: 517 (response rate, 67.1%), NHL
from cancer registries and
hospitals
Controls: 1506 (response rate,
48%); random sample from 
health insurance and voting 
records
Exposure assessment 
method: questionnaire, some 
administered by telephone, some 
by post

Exposure 
category or 
level

Exposed Risk estimate Covariates 
cases/ (95% Cl) controlled
deaths

Comments

Exposed to 
glyphosate 
-  non
asthmatics

53 1.4 (0.98-2.1) Age, vital status, 
state

177 participants 
(45 NHL cases, 132 
controls) reported 
having been told by

Exposed to 
glyphosate -  
asthmatics

6 1.2 (0.4-3.3) their doctor that they 
had asthma

Exposed to 
glyphosate

51 1.2(0.83-1.74) Age, province of 
residence

Unexposed 464 1
> 0 and < 2 
days

28 1.0 (0.63-1.57)

> 2 days 23 2.12(1.2-3.73)

Cross-Canada study 
[Strengths: large 
population based 
study. Limitations: 
no quantitative 
exposure data. 
Exposure assessment 
by questionnaire. 
Relatively low 
participation]
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Table 2.2 (continued)

Reference,
location,
enrolm ent
period

Population size, description, 
exposure assessment method

Organ site 
(ICD code)

Exposure 
category or 
level

Exposed
cases/
deaths

Risk estimate
(95% Cl)

Covariates
controlled

Comments

Karunanavake Incident cases: 316 (response HL (ICD02 Glyphosate- 38 1.14(0.74-1.76) Age group, Cross Canada study
e l a l. 120121 rate, 68.4%); men aged > 19 years; included based province of Based on the statistical
Six provinces ascertained from provincial nodular formulation residence analysis of pilot study
in Canada cancer registries, except in sclerosis Glyphosate- 38 0.99 (0.62-1.56) Age group, data, it was decided
(Quebec, Ontario, Quebec (hospital ascertainment) (M9656/3; based province of that the most efficient
Manitoba, Controls: 1506 (response rate, M9663/3; formulation residence, medical definition of pesticide
Saskatchewan, 48%); matched by age ± 2 years M9664/3; history exposure was a
Alberta, and to be comparable with the age M9665/3; cumulative exposure
British Columbia) distribution of the entire case M9666/3; > 10 hours/year to
1991-1994 group (HL, NHL, MM, and M9667/3), any combination

STS) within each province of lymphocytic of pesticides. This
residence. Potential controls predominance discriminated (a)
(men aged > 19 years) selected at (M9651/3; between incidental,
random within age constraints M9657/3; bystander, and
from the provincial health M9658/3; environmental
insurance records (Alberta, M9659/3), exposure vs more
Saskatchewan, Manitoba, mixed intensive exposure,
Quebec), computerized cellularity and (b) between cases
telephone listings (Ontario), or (M9652/3), and controls
voters’ lists (British Columbia) lymphocytic [Strengths: large study.
Exposure assessment method: depletion Limitations: low
questionnaire; stage 1 used (M9653/3; response rates]
a self-administered postal M9654/3),
questionnaire; and in stage 2 miscellaneous
detailed pesticide exposure (other
information was collected by M9650-M9669
telephone interview codes for HL)
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Table 2.2 (continued)

Reference,
location,
enrolment
period

Population size, description, 
exposure assessment method

Organ site 
(ICD code)

Exposure 
category or 
level

Kachuri c l a l. Cases: 342 (response rate, 58%); Multiple Glyphosate
(2013) men aged > 19 years diagnosed myeloma use
Six Canadian between 1991 and 1994 were
provinces (British ascertained from provincial glyphosate
Columbia, cancer registries except in (> 0 and
Alberta, Quebec, where ascertained from £ 2 days per 

year)Saskatchewan, hospitals
Manitoba, Controls: 1357 (response rate, Use of 

glyphosate 
(> 2 days per 
year)

Ontario and 48%); men aged > 19 years
Quebec) selected randomly using
1991-1994

S w e d e n

provincial health insurance 
records, random digit dialling, 
or voters’ lists, frequency- 
matched to cases by age 
(±2 years) and province of 
residence
Exposure assessment method: 
questionnaire

Nordstrom e l nl. Cases: 111 (response rate, 91%); HCL Exposed to
(1998)
Sweden
1987-1992

121 HCL cases in men identified 
from Swedish cancer registry 
Controls: 400 (response rate, 
83%); 484 (four controls/case) 
matched for age and county; 
national population registry 
Exposure assessment method: 
questionnaire; considered 
exposed if minimum exposure 
of 1 working day (8 h) and an 
induction period of at least 
1 year

glyphosate

Exposed Risk estimate Covariates Comments
cases/ (95% Cl) controlled
deaths

32

15

12

1.19(0.76-1.87)

0.72(0.39-1.32)

Age, province of 
residence, use of a 
proxy respondent, 
smoking status, 
medical variables, 
family history of 
cancer

Cross-Canada study 
[Strengths: 
population-based 
case-control study. 
Limitations: relatively 
low response rates)

2.04 (0.98-4.23)

4 3.1(0.8-12) Age Overlaps with Hanlell
e l a l. (2002). HCL is a 
subtype of NHL 
[Strengths: 
population-based 
case-control study. 
Limitations: Limited 
power. There was no 
adjustment for other 
exposures]
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Table 2.2 (continued)
>
33
n

Reference,
location,
enrolm ent
period

H a r d c ll  &  
E r ik s s o n  (1 9 9 9 ) 
Northern and 
middle Sweden 
1987-1990

H a rd e ll el nl. 
(20021
Sweden; four 
Northern 
counties and 
three counties in 
mid Sweden 
1987-1992

Population size, description, 
exposure assessment method

Organ site Exposure
(ICD code) category or

level

E x p o s e d  R is k  e st im a te  
c a se s/ (95% Cl)
d e a th s

Covariates Comments
controlled

Cases; 404 (192 deceased) NHL (ICD-9 Ever
(response rate, 91%); regional 200 and 202) glyphosate -
cancer registries univariate
Controls: 741 (response rate, Ever
84%); live controls matched for glyphosate -
age and county were recruited multivariate
from the national population 
registry, and deceased cases 
matched for age and year of 
death were identified from the 
national registry for causes of 
death
Exposure assessment method; 
questionnaire
Cases: 515 (response rate, 91% NHL and HCL Ever
in both studies); Swedish cancer glyphosate
registry exposure
Controls: 1141 (response rates, (univariate)
84% and 83%%); national Ever
population registry glyphosate
Exposure assessment method: exposure
questionnaire (multivariate)

2.3 (0.4-13) Not specified in Overlaps with 1 la r d e l l

the mull ¡variable e t  a l. (2 0 0 2 )

analysis [Strengths:
5.8 (0.6-54) population-based

study.
Limitations: few 
subjects were exposed 
to glyphosate and 
the study had limited 
power. Analyses were 
“multivariate” but 
covariates were not 
specified]

3.04(1.08-8.5) Age, county, study Overlaps with
site, vital status, N o r d s t r o m  e t a l.

other pesticides in (1998) and 1 la r d e l l  is

the multivariate E r ik s s o n  (1 9 9 9 ),

1.85 (0.55-6.2) analysis [Strengths: large 
population-based 
study. Limitations: 
limited power for 
glyphosate exposure]
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Table 2.2 (continued)

Reference,
location,
enrolment
period

Population size, description, 
exposure assessment method

Organ site 
(ICD code)

Exposure 
category or 
level

Eriksson e t a l. Cases: 910 (response rate, NHL Any
(2008) 91%); incident NHL cases glyphosate
Sweden. Four were enrolled from university Any
health service hospitals glyphosate*
areas (Lund, Controls: 1016 (response rate,
Linköping, 92%); national population
Örebro and registry < 10 days pei
Umea) Exposure assessment method: year use
1999-2002 questionnaire > 10 days per

year use
NHL 1-10 yrs

> 10 yrs
B-cell Exposure to
lymphoma glyphosate
Lymphocytic Exposure to
lymphoma/B- glyphosate
CLL
Diffuse Exposure to
large B-cell glyphosate
lymphoma
Follicular, Exposure to
grade I-III glyphosate
Other Exposure to
specified B-cell glyphosate
lymphoma
Unspecified Exposure to
B-cell glyphosate
lymphoma
T-ccll Exposure to
lymphoma glyphosate
Unspecified Exposure to
NHL glyphosate

N JU>

Exposed Risk estimate Covariates Comments
cases/ (95% Cl) controlled
deaths

29 2.02(1.1-3.71) Age, sex, year of [Strengths:
enrolment population-based

29 1.51 (0.77-2.94) case-control. 
Limitations: limited 
power for glyphosate]

12 1.69 (0.7-4.07)
* Exposure to other 
pesticides (e.g. MPCA) 
controlled in the

17 2.36(1.04-5.37) analysis

NR 1.11 (0.24-5.08)
NR 2.26(1.16-4.4)
NR 1.87(0.998-3.51)

NR 3.35(1.42-7.89)

NR 1.22(0.44-3.35)

NR 1.89 (0.62-5.79)

NR 1.63(0.53-4.96)

NR 1.47(0.33-6.61)

NR 2.29(0.51-10.4)

NR 5.63(1.44-22)
Q
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Table 2.2 (continued)

Population size, description, Organ site
exposure assessment m ethod (ICD code)

Reference, 
location, 
enrolm ent 
period

Other studies in Europe
Orsi e t a l. (2009) Cases: 491 (response rate, 95.7%); 
France cases (244 NHL; 87 HL; 104
2000-2004 LPSs; 56 MM) were recruited

from main hospitals of the 
French cities of Brest, Caen, 
Nantes, Lille, Toulouse and 
Bordeaux, aged 20-75 years; ALL 
cases excluded 
Controls: 456 (response rate, 
91.2%); matched on age and sex, 
recruited in the same hospitals as 
the cases, mainly in orthopaedic 
and rheumatological 
departments and residing in the 
hospital’s catchment area 
Exposure assessment method: 
questionnaire

Exposure 
category or 
level

Exposed
cases/
deaths

Risk estimate Covariates
(95% Cl) controlled

Comments

NHL Any
glyphosate
exposure

12 1.0 (0.5-2.2) Age, centre, 
socioeconomic 
category (blue/

HL Any exposure 
to glyphosate

6 1.7 (0.6-5) white collar)

LPS Any exposure 
to glyphosate

4 0.6 (0.2-2.1)

MM Any exposure 
to glyphosate

5 2.4 (0.8-7.3)

All lymphoid 
neoplasms

Any exposure 
to glyphosate

27 1.2 (0.6-2.1)

NHL, diffuse 
large cell 
lymphoma

Occupational 
use of 
glyphosate

5 1.0 (0.3-2.7)

NHL, follicular 
lymphoma

Occupational 
exposure to 
glyphosate

3 1.4 (0.4-5.2)

LPS/CLL Occupational 
exposure to 
glyphosate

2 0.4 (0.1-1.8)

LPS/HCL Occupational 
exposure to 
glyphosate

2 1.8 (0.3-9.3)

[Limitations: limited 
power for glyphosate]
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Table 2.2 (continued)

Reference, Population size, description, Organ site
location, exposure assessment method (ICD code)
enrolment 
period

( lo c c o  e l ill. Cases: 2348 (response rate, 88%);
cases were all consecutive adult 

Czech Republic, patients first diagnosed with 
France, Germany, lymphoma during the study 
Italy, Ireland and period, resident in the referral 
Spain area of the participating centres
1998-2004 Controls: 2462 (response rate,

81% hospital; 52% population); 
controls from Germany and 
Italy were randomly selected 
by sampling from the general 
population and matched to cases 
on sex, 5-year age-group, and 
residence area. The rest of the 
centres used matched hospital 
controls, excluding diagnoses of 
cancer, infectious diseases and 
immunodeficiency diseases 
Exposure assessment method: 
questionnaire; support of a crop- 
exposure matrix to supplement 
the available information, 
industrial hygienists and 
occupational experts in each 
participating centre reviewed the 
general questionnaires and job 
modules to assess exposure to 
pesticides

B-ccll
lymphoma

Exposure 
category or 
level

Exposed Risk estimate Covariates 
cases/ (95% Cl) controlled
deaths

Comments

Occupational 4 
exposure to 
glyphosate

3.1 (0.6-17.1) Age, sex, EPILYMPH case-
education, centre control study in six

European countries

A L L ,  acute lym phocytic leukaemia; B -C L L ,  chronic lym phocytic leukaemia; C L L ,  chronic lym phocytic leukaemia; 1IC L ,  hairy  cell leukaemia; H L , H o dgkin  lymphoma; LPS, 
lymphoproliférative syndrome; M CPA , 2-m elhyl-4-chlorophenoxyacctic acid; M M , multiple myeloma; N H L ,  non-H odgkin  lymphoma; N R , not reported; re f, reference; S T S , soft tissue 
sarcoma
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population-based, and conducted in farming 
areas. Potential confounding from multiple 
exposures was accounted for in the analysis.]

Using the data set of the pooled popu
lation-based case-control studies in Iowa, 
Minnesota, and Nebraska, USA, Lee el id. 
(2004a) investigated whether asthma acts as an 
effect modifier of the association between pesti
cide exposure and NHL. The study included 872 
cases diagnosed with NHL from 1980 to 1986 and 
2381 frequency-matched controls. Information 
on use of pesticides and history of asthma was 
based on interviews. A total of 177 subjects (45 
cases, 132 controls) reported having been told 
by their doctor that they had asthma. Subjects 
with a history of asthma had a non-significantly 
lower risk of NHL than non-asthmatics, and 
there was no main effect of pesticide exposure. 
In general, asthmatics tended to have larger odds 
ratios associated with exposure to pesticides 
than non-asthmatics. There was no indication 
of effect modification: the odds ratio associated 
with glyphosate use was 1.4 (95% Cl, 0.98-2.1; 
53 exposed cases) among non-asthmatics and 1.2 
(95% Cl, 0.4-3.3; 6 exposed cases) for asthmatics, 
when compared with non-asthmatic non-ex- 
posed farmers). [This analysis overlapped with 
that of De Rous el al. (2003).]

(b) The cross-Canada case-control study

McDuffie et id. (2001) studied the associa
tions between exposure to specific pesticides and 
NHL in a multicentre population-based study 
with 517 cases and 1506 controls among men of 
six Canadian provinces (see the Monograph on 
Malathion, Section 2.0, for a detailed descrip
tion of this study). Odds ratios of 1.26 (95% 
Cl, 0.87-1.80; 51 exposed cases; adjusted for 
age and province) and 1.20 (95% Cl, 0.83-1.74, 
adjusted for age, province, high-risk exposures) 
were observed for exposure to glyphosate. In an 
analysis by frequency of exposure to glyphosate, 
participants with > 2 days of exposure per year 
had an odds ratio of 2.12 (95% Cl, 1.20-3.73, 23

exposed cases) compared with those with some, 
but < 2 days of exposure. [The study was large, 
but had relatively low participation rates.]

Kachuri et al. (201; investigated the asso
ciation between lifetime use of pesticides and 
multiple myeloma in a population-based case- 
control study among men in six Canadian 
provinces between 1991 and 1994 (see the 
Monograph on Malathion, Section 2.0, for a 
detailed description of this study). Data from 
342 cases of multiple myeloma and 1357 controls 
were obtained for ever-use of pesticides, number 
of pesticides used, and days per year of pesticide 
use. The odds ratios were adjusted for age, prov
ince of residence, type of respondent, smoking 
and medical history. The odds ratio for ever-use 
of glyphosate was 1.19 (95% Cl, 0.76-1.87; 32 
cases). When the analysis was conducted by level 
of exposure, no association was found for light 
users (< 2 days per year) of glyphosate (OR, 0.72; 
95% Cl, 0.39-1.32; 15 exposed cases) while the 
odds ratio in heavier users (> 2 days per year) was 
2.04 (95% Cl, 0.98-4.23; 12 exposed cases). [The 
study had relatively low response rates. Multiple 
myeloma is now considered a subtype of NHL.]

(c) Case-control studies in Sweden

Nordstrom et al. (1998) conducted a popu
lation case-control study in Sweden on hairy 
cell leukaemia (considered to be a subgroup 
of NHL). The study included 121 cases in men 
and 484 controls matched for age and sex. An 
age-adjusted odds ratio of 3.1 (95% Cl, 0.8-12; 
4 exposed cases) was observed for exposure to 
glyphosate. [This study had limited power to 
detect an effect, and there was no adjustment for 
other exposures.]

Hardell & Hriksson (1SN9) reported the 
results of a population-based case-control study 
on the incidence of NHL in men associated with 
pesticide exposure in four northern counties in 
Sweden. Exposure data was collected by ques
tionnaire (also supplemented by telephone inter
views) from 404 cases (192 deceased) and 741
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controls (matched by age, sex, county, and vital 
status). Increased risks of NHL were found for 
subjects exposed to herbicides and fungicides. 
The odds ratio for ever-use of glyphosate was 2.3 
(95% Cl, 0.4-13; 4 exposed cases) in a univariate 
analysis, and 5.8 (95% Cl, 0.6-54) in a multivar
iable analysis. [The exposure frequency was low 
for glyphosate, and the study had limited power 
to detect an effect. The variables included in the 
multivariate analysis were not specified. This 
study may have overlapped partially with those 
of Hardell et al. (2002).)

Hardell ef ul. (2002) conducted a pooled anal
ysis of two case-control studies, one on NHL 
(already reported in Hardell & Eriksson, 1999) 
and another on hairy cell leukaemia, a subtype 
of NHL (already reported by Nordstrom et al.. 
1998). The pooled analysis of NHL and hairy 
cell leukaemia was based on 515 cases and 1141 
controls. Increased risk was found for exposure 
to glyphosate (OR, 3.04; 95% Cl, 1.08-8.52; 8 
exposed cases) in the univariate analysis, but the 
odds ratio decreased to 1.85 (95% Cl, 0.55-6.20) 
when study, study area, and vital status were 
considered in a multivariate analysis. [The expo
sure frequency was low for glyphosate and the 
study had limited power. This study partially 
overlapped with those of Hardell _& ITiksson 
(1999) and Nordstrom et al. (1998).)

Eriksson et al. (2008) reported the results of 
a population based case-control study of expo
sure to pesticides as a risk factor for NHL. Men 
and women aged 18-74 years living in Sweden 
were included from 1 December 1999 to 30 
April 2002. Incident cases of NHL were enrolled 
from university hospitals in Lund, Linköping, 
Örebro, and Umea. Controls (matched by age 
and sex) were selected from the national popu
lation registry. Exposure to different agents was 
assessed by questionnaire. In total, 910 (91%) 
cases and 1016 (92%) controls participated. 
Multivariable models included agents with 
statistically significant increased odds ratios 
(MCPA, 2-methyl-4-chlorophenoxyacetic acid),

or with an odds ratio of > 1.50 and at ieast 10 
exposed subjects (2,4,5-T and/or 2,4-D; mercu
rial seed dressing, arsenic, creosote, tar), age, 
sex, year of diagnosis or enrolment. The odds 
ratio for exposure to glyphosate was 2.02 (95% 
Cl, 1.10-3.71) in a univariate analysis, and 1.51 
(95% Cl, 0.77-2.94) in a multivariable analysis. 
When exposure for more than 10 days per year 
was considered, the odds ratio was 2.36 (95% Cl, 
1.04-5.37). With a latency period of > 10 years, 
the odds ratio was 2.26 (95% Cl, 1.16-4.40). 
The associations with exposure to glyphosate 
were reported also for lymphoma subtypes, and 
elevated odds ratios were reported for most of the 
cancer forms, including B-cell lymphoma (OR, 
1.87; 95% Cl, 0.998-3.51) and the subcategory of 
small lymphocytic lymphoma/chronic lympho
cytic leukaemia (OR, 3.35; 95% Cl, 1.42-7.89; 
[not adjusted for other pesticides]). [This was a 
large study; there was possible confounding from 
use of other pesticides including MCPA, but this 
was considered in the analysis.]

(d) Other case-control studies in Europe

Orsi et al. (2009) reported the results of a 
hospital-based case-control study conducted in 
six centres in France between 2000 and 2004. 
Incident cases with a diagnosis of lymphoid 
neoplasm aged 20-75 years and controls of the 
same age and sex as the cases were recruited in 
the same hospital, mainly in the orthopaedic and 
rheumatological departments during the same 
period. [The Working Group noted that the age 
of case eligibility was given in the publication as 
20-75 years in the materials and methods section, 
but as 18-75 years in the abstract.] Exposures 
to pesticides were evaluated through specific 
interviews and case-by-case expert reviews. The 
analyses included 491 cases (244 cases of NHL, 
87 cases of Hodgkin lymphoma), 104 of lymph
oproliférative syndrome, and 56 cases of multiple 
myeloma), and 456 age- and sex-matched controls. 
Positive associations between some subtypes 
and occupational exposure to several pesticides
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were noted. Ihe  odds ratios associated with any 
exposure to glyphosate were 1.2 (95% Cl, 0.6-2.1; 
27 exposed cases) for all lymphoid neoplasms 
combined, 1.0 (95% Cl, 0.5-2.2; 12 exposed 
cases) for NHL, 0.6 (95% Cl, 0.2-2.1; 4 exposed 
cases) for lymphoproliferative syndrome, 2.4 
(95% Cl, 0.8-7.3) for multiple myeloma, and 1.7 
(95% Cl, 0.6-5.0; 6 exposed cases) for Hodgkin 
lymphoma, after adjusting for age, centre, and 
socioeconomic category (“blue/white collar”).

:co et ai. (2013) reported the results of a 
pooled analysis ofcase-control studies conducted 
in six European countries in 1998-2004 
(EPILYMPEI, Czech Republic, France, Germany, 
Ireland, Italy, and Spain) to investigate the role of 
occupational exposure to specific groups of chem
icals in the etiology of lymphoma overall, B-cell 
lymphoma, and its most prevalent subtypes. A 
total of 2348 incident cases of lymphoma and 
2462 controls were recruited. Controls from 
Germany and Italy were randomly selected by 
sampling from the general population, while the 
rest of the centres used matched hospital controls. 
Overall, the participation rate was 88% for cases, 
81% for hospital controls, and 52% for population 
controls. An occupational history was collected 
with farm work-specific questions on type of 
crop, farm size, pests being treated, type and 
schedule of pesticide use. In each study centre, 
industrial hygienists and occupational experts 
assessed exposure to specific groups of pesti
cides and individual compounds with the aid of 
agronomists. [Therefore any exposure misclas- 
sification would be non-differential.] Analyses 
were conducted for lymphoma and the most 
prevalent lymphoma subtypes adjusting for age, 
sex, education, and centre. Lymphoma overall, 
and B-cell lymphoma were not associated with 
any class of the investigated pesticides, while 
the risk of chronic lymphocytic leukaemia was 
elevated among those ever exposed to inorganic 
and organic pesticides. Only for a few individual 
agrochemicals was there a sizeable number of 
study subjects to conduct a meaningful analysis,

and the odds ratio for exposure to glyphosate 
and B-cell lymphoma was 3.1 (95% Cl, 0.6-17.1; 
4 exposed cases and 2 exposed controls). [The 
study had a very limited power to assess the 
effects of glyphosate on risk of NHL.]

2.2.2 Other haem atopoietic cancers

Orsi el al. (2009) also reported results for 
Hodgkin lymphoma (see Section 2.2.1).

Karunanavake et al. (2012) conducted a case- 
control study of Hodgkin lymphoma among 
white men, aged 19 years or older, in six regions of 
Canada (see the Malathion Monograph, Section 
2.0, for a detailed description of this study). The 
analysis included 316 cases and 1506 age-matched 
(± 2 years) controls. Based on 38 cases exposed 
to glyphosate, the odds ratios were 1.14 (95% Cl, 
0.74-1.76) adjusted for age and province, and 0.99 
(95% Cl, 0.62-1.56) when additionally adjusted 
for medical history variables.

Brown et a i U990) evaluated exposure 
to carcinogens in an agricultural setting and 
the relationship with leukaemia in a popula
tion-based case-control interview study in Iowa 
and Minnesota, USA, including 578 white men 
with leukaemia and 1245 controls. The exposure 
assessment was done with a personal interview 
of the living subjects or the next-of-kin. Farmers 
had a higher risk of all leukaemias compared 
with non-farmers, and associations were found 
for exposure to specific animal insecticides, 
including the organophosphates crotoxyphos, 
dichlorvos, famphur, pyrethrins, and methoxy- 
chlor. The odds ratio for glyphosate was 0.9 (95% 
Cl, 0.5-1.6; 15 exposed cases; adjusted for vital 
status, age, state, tobacco use, family history of 
lymphopoietic cancer, high-risk occupations, 
and high-risk exposures). [This was a large study 
in an agricultural setting, but had limited power 
for studying the effects of glyphosate use.]
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2.3 Case-control studies on other 
cancer sites

2.3.1 Cancer o f  the oesophagus and stom ach

Lee et al. (2004b) evaluated the risk of adeno
carcinomas of the oesophagus and stomach 
associated with farming and agricultural pesti
cide use. The population-based case-control 
study was conducted in eastern Nebraska, USA. 
Subjects of both sexes diagnosed with adenocar
cinoma of the stomach (n = 170) or oesophagus 
(n = 137) between 1988 and 1993 were enrolled. 
Controls (n = 502) were randomly selected from 
the population registry of the same geographical 
area. The response rates were 79% for cancer of the 
stomach, 88% for cancer of the oesophagus, and 
83% for controls. Adjusted odds ratios were esti
mated for use of individual and chemical classes 
of insecticides and herbicides, with non-farmers 
as the reference category. No association was 
found with farming or ever-use of insecticides 
or herbicides, or with individual pesticides. For 
ever-use of glyphosate, the odds ratio was 0.8 
(95% Cl, 0.4-1.4; 12 exposed cases) for cancer of 
the stomach, and 0.7 (95% Cl, 0.3-1.4; 12 exposed 
cases) for oesophageal cancer. [The study was 
conducted in a farming area, but the power to 
detect an effect of glyphosate use was limited.]

2.3.2 Cancer o f  the brain

R uder c l ul. (2004) conducted a case-control 
study on glioma among nonmetropolitan 
residents of Iowa, Michigan, Minnesota, and 
Wisconsin in the Upper Midwest Health Study, 
USA. The study included 457 cases of glioma 
and 648 population-based controls, all adult 
men. Exposure assessment was done with inter
views of the subject or the relatives. Ihe  response 
rates were 93% and 70% for cases and controls, 
respectively. No association were found with any 
of the pesticides assessed, including glyphosate. 
[Glyphosate use was assessed, but specific results 
were not presented.]

Carreon el uL (.2005) evaluated the effects of 
rural exposures to pesticides on risk of glioma 
among women aged 18-80 years who were 
nonmetropolitan residents of Iowa, Michigan, 
Minnesota, and Wisconsin in the Upper Midwest 
Health Study, USA. A total of 341 cases of glioma 
and 528 controls were enrolled. A personal inter
view was carried out for exposure assessment. The 
response rates were 90% and 72%, respectively. 
After adjusting for age, age group, education, and 
farm residence, no association with glioma was 
observed for exposure to several pesticide classes 
or individual pesticides. There was a reduced 
risk for glyphosate (OR, 0.7; 95% Cl, 0.4-1.3; 18 
exposed cases). These results were not affected by 
the exclusion of proxy respondents (43% of cases, 
2% of controls).

Lee et al. (2005) evaluated the association 
between farming and agricultural pesticide use 
and risk of adult glioma in a population-based 
case-control study in eastern Nebraska, USA. 
Cases of glioma were in men and women (n = 251) 
and were compared with population controls 
from a previous study (n = 498). A telephone 
interview was conducted for 89% of the cases 
and 83% of the controls. Adjusted odds ratios 
for farming and for use of individual and chem
ical classes of insecticides and herbicides were 
calculated using non-farmers as the reference 
category. Among men, ever living or working 
on a farm and duration of farming were associ
ated with significantly increased risks of glioma, 
but the positive findings were limited to proxy 
respondents. Among women, there were no posi
tive associations with farming activities among 
self or proxy respondents. Some specific pesti
cide families and individual pesticides were asso
ciated with significantly increased risks among 
male farmers, but most of the positive associa
tions were limited to proxy respondents. There 
was a non-significant excess risk with glyphosate 
use for the overall group (OR, 1.5; 95% Cl, 0.7-3.1; 
17 exposed cases), but there was inconsistency 
between observations for self-respondents (OR,
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0.4; 95% Cl, 0.1-1.6) and observations for proxy 
respondents (OR, 3.1; 95% Cl, 1.2-8.2). [The 
study had limited power to detect an effect of 
glyphosate use, and the inconsistencies for self 
and proxy respondents made the results difficult 
to interpret.]

2.3.3 Soft tissue sarcom a

Pahwa cl nl. ( 2 0 1 1 )  reported the results of 
the soft tissue sarcoma component of the cross- 
Canada study in relation to specific pesticides, 
including 357 cases of soft tissue sarcoma and 
1506 population controls from 1991-1994. The 
fully adjusted odds ratio for glyphosate use was 
0.90 (95% Cl, 0.58-1.40).

2.3.4 Cancer o f  the prostate

Band et a\. (2011) report results of a case- 
control study including 1516 patients with cancer 
of the prostate (ascertained by the cancer registry 
of British Columbia, Canada, for 1983-90) and 
4994 age-matched controls with cancers at all 
other cancer sites excluding lung and unknown 
primary site. Agricultural exposures were 
assessed by job-exposure matrix. A total of 60 
cases were exposed to glyphosate (adjusted OR, 
1.36; 95% Cl, 0.83-2.25).

2.3.5 Childhood cancer

Parental exposure to pesticides, including 
glyphosate, was assessed in a population-based 
case-control study of childhood leukaemia in 
Costa Rica ( M o n g e  cl a/., 2 0 0 7 ) .  However, associ
ations of childhood cancer with glyphosate were 
reported only for an “other pesticides” category 
that also included paraquat, chlorothalonil, and 
other chemicals. [Because glyphosate was not 
specifically assessed, this study was not evalu
ated by the Working Group.]

2.4. Meta-analyses
Schinasi & Leon (2014) conducted a system

atic review and meta-analysis of NHL and occu
pational exposure to agricultural pesticides, 
including glyphosate. The meta-analysis for 
glyphosate included six studies (McDuffie cl aL, 
2001: Hardell el nl., 2002; De Roos et al., 2003; 
2005a: Eriksson et al.. 2008: Orsi et nl., 2009) and 
yielded a meta risk-ratio of 1.5 (95% Cl, 1.1-2.0). 
[The Working Group noted that the most fully 
adjusted risk estimates from the articles by 
Hardell cl al. (2002) and Eriksson el al. (2008) 
were not used in this analysis. After considering 
the adjusted estimates of the two Swedish studies 
in the meta-analysis, the Working Group esti
mated a meta risk-ratio of 1.3 (95% Cl, 1.03-1.65), 
I2 = 0%, P  for heterogeneity 0.589.]

3. Cancer in Experimental Animals

3.1 Mouse
See Table 3.1

3.1.1 Dietary adm inistration

Groups of 50 male and 50 female CD-I mice 
[age not reported] were given diets containing 
glyphosate (purity, 99.7%) at a concentration of 
0, 1000, 5000, or 30 000 ppm, ad libitum, for 24 
months. There was no treatment-related effect on 
body weight in male and female mice at the lowest 
or intermediate dose. There was a consistent 
decrease in body weight in the male and female 
mice at the highest dose compared with controls. 
Survival in all dose groups was similar to that of 
controls. There was a positive trend (P = 0.016, 
trend test; see 1 PA, 1983b) in the incidence of 
renal tubule adenoma in dosed male mice: 0/49, 
0/49, 1/50 (2%), 3/50 (6%). [The Working Group 
noted that renal tubule adenoma is a rare tumour 
in CD-I mice.] No data on tumours of the kidney
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Table 3.1 Studies of carcinogenicity with glyphosate in mice

Species, strain (sex) Dosing regimen, For each target organ: incidence Significance Comments
Duration Animals/group at start (%) and/or multiplicity of tumours
Reference

Mouse, CD-I (M, F) Diet containing glyphosate (technical M a le s
24 mo grade; purity, 99.7%) at concentrations of Renal tubule adenoma: 0/49,0/49,
EPA (1985a. h. 1986. 0, 1000, 5000, or 30 000 ppm, ad libitum, 1/50 (2%), 3/50(6%)
1991a) for 24 mo F e m a le s

50 M and 50 F/group [age, NR] No data provided on the kidney

Report from the PWG of the EPA
(1986):
M a le s

Renal tubule adenoma: 1/49 (2%), 
0/49, 0/50, 1/50 (2%)
Renal tubule carcinoma: 0/49, 0/49, 
1/50 (2%), 2/50 (4%)
Renal lubule adenoma or carcinoma 
(combined): 1/49 (2%), 0/49, 1/50 
(2%), 3/50 (6%)

Mouse, CD-I (M, F) Diet containing glyphosate (purity, M a le s
104 wk 98.6%) at doses of 0,100, 300, 1000 mg/kg Haemangiosarcoma: 0/50, 0/50,
1M PR (20061 bw, ad libitum, for 104 wk 0/50, 4/50 (8%)

50 M and 50 F/group [age, NR] Histiocytic sarcoma in the 
lymphoreticular/haemopoictic
tissue: 0/50, 2/50 (4%), 0/50, 2/50 
(4%)
F e m a le s

Haemangiosarcoma: 0/50, 2/50 
(4%), 0/50, 1/50 (2%)
Histiocytic sarcoma in the 
lymphoreticular/haemopoictic 
tissue: 0/50, 3/50 (6%), 3/50 (6%), 
1/50 (2%)

Pfor trend = 0.016; 
see Comments

INS]

[P = 0.037; Cochran- 
Armitage trend test] 
[P = 0.034; Cochran- 
Armitage trend test]

No information was provided on 
renal tubule adenomas in female 
mice, or on statistical analyses of 
tumour data
EPA recommended that additional 
renal sections be cut and evaluated 
from all control and treated male 
mice. The pathology report for 
these additional sections (F.PA. 
1985b) showed the same incidence 
of renal tubule adenomas as 
originally reported, with no 
significant difference in incidence 
when comparing control and 
treated groups; however, the test 
for linear trend in proportions 
resulted in P = 0.016 
HPA (1986) convened a PWG and 
requested additional pathological 
and statistical information on 
kidney tumours observed in male 
mice treated with glyphosate

[P < 0.001; Cochran- 
Armitage trend test] 
NS

NS

NS
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Table 3.1 (continued)

Species, strain (sex) Dosing regimen, For each target organ: incidence Significance Comments
Duration
Reference

Animals/group at start (%) and/or multiplicity of tum ours

Mouse, Swiss (M) Initiation-promotion study Skin tumours [called “papillomas” Short duration of treatment, no
32 wk Skin application of glyphosate-based by the authors, following gross solvent controls, and lack of any
George e l a l. (2010) formulation (glyphosate, 41%; POEA, examination only] histopathological evaluation

~15%) (referred to as “glyphosate”) Age at start, NR (mice weighed
dissolved in 50% ethanol; DMBA 12-15 g bw)
dissolved in 50% ethanol, and TPA [The Working Group concluded
dissolved in 50% acetone, used in the this was an inadequate study for
groups described below 
20 M/group
Group 1: untreated control (no treatment) Group 1:0/20

the evaluation of glyphosate]

Group II: glyphosate only: 25 mg/kg bw Group II: 0/20
topically, 3 x /wk, for 32 wk
Group III: single topical application of Group III: 20/20% 7.8 ± 1.1 *P < 0.05 vs groups
DMBA, 52 pg/mouse, followed 1 wk later 
by TPA, 5 pg/mouse, 3 x /wk, for 32 wk 
Group IV: single topical application of 
glyphosate, 25 mg/kg bw, followed 1 wk 
later by TPA, 5 pg/mouse, 3 x /wk, for 32 
wk

Group I: 0/20

VI and VII

Group V: 3 x /wk topical application 
of glyphosate, 25 mg/kg bw, for 3 wk, 
followed 1 wk later by TPA, 5 pg/mouse, 
3 x /wk, for 32 wk

Group V: 0/20

Group VI: single topical application of Group VI: 0/20
DMBA, 52 pg/mouse
Group VII: topical application of TPA,
5 pg/mouse, 3 x /wk, for 32 wk

Group VII: 0/20

Group VIII: single topical application of 
DMBA, 52 pg/mouse, followed 1 wk later 
by topical treatment with glyphosate,
25 mg/kg bw, 3 x /wk, for 32 wk

Group VIII: 8/20*, 2.8 ± 0.9 *P < 0.05 vs group VI

bw, body weight; D M B A , 7,12-dim ethylbenz[ajanthraccnc; EP A , United States Environm ental Protection A gency; F, female; M , male; mo, m onth; N R , not reported; N S , not significant; 
P O E A , polycthoxylated tallow am inc; PW G , pathology w o rkin g group; T P A , 12-0-tctradccanoyl-phorbol-13-acetatc; vs, versus; wk, week; yr, year
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were provided for female mice. No other tum our 
sites were identified (EPA, 1985a). Subsequent to 
its initial report (EPA, 1985a). the United States 
Environmental Protection Agency (EPA) recom
mended that additional renal sections be cut and 
evaluated from all male mice in the control and 
treated groups. The pathology report for these 
additional sections (EPA, 1985b) indicated the 
same incidence of renal tubule adenoma as orig
inally reported, with no significant increase in 
incidence between the control group and treated 
groups by pairwise comparison. However, as 
already reported above, the test for linear trend 
in proportions resulted in a significance of 
P = 0.016. The EPA (1986) also requested that a 
pathology working group (PWG) be convened 
to evaluate the tumours of the kidney observed 
in male mice treated with glyphosate, including 
the additional renal sections. In this second eval
uation, the PWG reported that the incidence of 
adenoma of the renal tubule was 1/49 (2%), 0/49, 
0/50, 1/50 (2%) [not statistically significant]; the 
incidence of carcinoma of the renal tubule was 
0/49, 0/49, 1/50 (2%), 2/50 (4%) [P = 0.037, trend 
test for carcinoma]; and the incidence of adenoma 
or carcinoma (combined) of the renal tubule was 
1/49 (2%), 0/49, 1/50 (2%), 3/50 (6%) [P = 0.034, 
trend test for combined], [The Working Group 
considered that this second evaluation indicated 
a significant increase in the incidence of rare 
tumours, with a dose-related trend, which could 
be attributed to glyphosate. Chandra & Frith 
(1994) reported that only 1 out of 725 [0.14%] 
CD-I male mice in their historical database had 
developed renal cell tumours (one carcinoma).] 

[The Working Group noted the differences 
in histopathological diagnosis between pathol
ogists. Proliferative lesions of the renal tubules 
are typically categorized according to published 
criteria as hyperplasia, adenoma, or carcinoma. 
The difference is not trivial, because focal hyper
plasia, a potentially preneoplastic lesion, should 
be carefully differentiated from the regenerative 
changes of the tubular epithelium. There is a

morphological continuum in the development 
and progression of renal neoplasia, 'thus larger 
masses may exh ibit greater heterogeneity i n histo
logical growth pattern, and cytologically more 
pleomorphism and atypia than smaller lesions 
(Eustis et uL, 1994). O f note, a renal tumour 
confirmed by the PWG after re-evaluation of the 
original slides (EPA, 1986), had not been seen in 
the re-sectioned kidney slides (EPA, 1985b). This 
may be related to the growth of tumour that -  
in contrast to tumours in other organs -  is not 
spherical but elliptical because of the potential 
expansion in tubules. In addition, the concept 
of tubular expansion without compression of 
adjacent parenchyma may be at the basis of the 
discrepancy between the first (EPA, 1985a, b) and 
second evaluation (EPA, 1986).]

In another study reported to the Joint FAO/ 
WHO Meeting on Pesticide Residues (JMPR), 
groups of 50 male and 50 female CD-I mice [age 
at start not reported] were given diets containing 
glyphosate (purity, 98.6%) at a concentration 
that was adjusted weekly for the first 13 weeks 
and every 4 weeks thereafter to give doses of 0, 
100, 300, or 1000 mg/kg bw, ad libitum, for 104 
weeks (1MPR, 2006). There was no treatment-re
lated effect on body weight or survival in any 
of the dosed groups. There was an increase in 
the incidence of haemangiosarcoma in males -  
0/50, 0/50, 0/50, 4/50 (8%) [P < 0.001, Cochran- 
Armitage trend test], and in females -  0/50, 2/50 
(4%), 0/50,1/50 (2%) [not statistically significant], 
and an increase in the incidence of histiocytic 
sarcoma in the lymphoreticular/haemopoietic 
tissue in males -  0/50, 2/50 (4%), 0/50, 2/50 (4%), 
and in females -  0/50, 3/50 (6%), 3/50 (6%), 1/50 
(2%) [not statistically significant for males or 
females]. [The Working Group considered that 
this study was adequately reported.]
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3.1.2 In itiation-prom otion

Groups of 20 male Swiss mice [age at start 
not reported; body weight, 12-15 g] were given a 
glyphosate-based formulation (glyphosate, 41%; 
polyethoxylated tallowamine, -15%) (referred to 
as glyphosate in the article) that was dissolved in 
50% ethanol and applied onto the shaved back 
skin (i Tcorge et al.. 2010). Treatment groups were 
identified as follows:

• Group I -  untreated control;
• Group II -  glyphosate only (25 mg/kg bw), 

applied topically three times per week for 32 
weeks;

• Group III -  single topical application of 
dimethylbenz[i?]anthracene (DMBA; in ethanol; 
52 pg/mouse), followed 1 week later by 
12-0-tetradecanoylphorbol-13-acetate (TPA; 
in acetone; 5 pg/mouse), applied topically three 
times per week for 32 weeks;

• Group IV -  single topical application of 
glyphosate (25 mg/kg bw) followed 1 week 
later by TPA (in acetone; 5 pg/mouse), applied 
topically three times per week for 32 weeks;

• Group V -  glyphosate (25 mg/kg bw) applied 
topically three times per week for 3 weeks 
(total of nine applications), followed 1 week 
later by TPA (in acetone; 5 pg/mouse), applied 
topically three times per week for 32 weeks;

• Group VI -  single topical application of 
DMBA (in ethanol; 52 pg/mouse);

• Group VII -TPA (in acetone; 5 pg/mouse), 
applied topically three times per week for 32 
weeks; and

• Group VIII -single topical application of 
DMBA (in ethanol; 52 pg/mouse), followed 
1 week later by glyphosate (25 mg/kg bw), 
applied topically three times per week for 32 
weeks.

All mice were killed at 32 weeks. Skin 
tumours were observed only in group III (posi
tive control, DMBA + TPA, 20/20) and group

VIII (DMBA + glyphosate, 8/20; P < 0.05 versus 
group VI [DMBA only, 0/20]). No microscopic 
examination was conducted and tumours were 
observed “as a minute wart like growth [that the 
authors called squamous cell papillomas], which 
progressed during the course of experiment.” 
[The glyphosate formulation tested appeared to 
be a tum our promoter in this study. The design 
of the study was poor, with short duration of 
treatment, no solvent controls, small number of 
animals, and lack of histopathological exami
nation. The Working Group concluded that this 
was an inadequate study for the evaluation of 
glyphosate.]

3.1.3 Review articles

Greim cl al. (2015) have published a review 
article containing information on five long
term bioassay feeding studies in mice. Of these 
studies, one had been submitted for review to the 
EPA (TPA. 1985a. b, 1986. 1991a), and one to the 
JMPR (J.MI’R, 20(16); these studies are discussed 
in Section 3.1.1. The review article reported on 
an additional three long-term bioassay studies in 
mice that had not been previously available in 
the open literature, but had been submitted to 
various organizations for registration purposes. 
The review article provided a brief summary of 
each study and referred to an online data supple
ment containing the original data on tum our 
incidence from study reports. The three addi
tional long-term bioassay studies in mice are 
summarized below. [The Working Group was 
unable to evaluate these studies, which are not 
included in Table 3J and Section 5.3, because the 
information provided in the review article and 
its supplement was insufficient (e.g. information 
was lacking on statistical methods, choice of 
doses, body-weight gain, survival data, details of 
histopathological examination, and/or stability 
of dosed feed mixture).]

In the first study (identified as Study 12, 
1997a), groups of 50 male and 50 female CD-I
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mice [age at start not reported] were given diets 
containing glyphosate (purity, 94-96%) at a 
concentration of 0, 1600, 8000, or 40 000 ppm 
for 18 months. The increase in the incidence of 
bronchiolo-alveolar adenoma and carcinoma, 
and of lymphoma, was reported to be not statis
tically significant in males and females receiving 
glyphosate. [ The Working Group was unable to 
evaluate this study because of the limited exper
imental data provided in the review article and 
supplemental information.]

In the second study (identified as Study 13, 
2001), groups of 50 male and 50 female Swiss 
albino mice [age at start not reported] were 
given diets containing glyphosate (purity, > 95%) 
at a concentration of 0 (control), 100, 1000, or 
10 000 ppm for 18 months. The authors reported 
a statistically significant increase in the incidence 
of malignant lymphoma (not otherwise specified, 
NOS) in males at the highest dose: 10/50 (20%), 
15/50 (30%), 16/50 (32%), 19/50 (38%; P  < 0.05; 
pairwise test); and in females at the highest dose: 
18/50 (36%), 20/50 (40%), 19/50 (38%), 25/50 
(50%; P < 0.05; pairwise test). [The Working 
Group was unable to evaluate this study because 
of the limited experimental data provided in the 
review article and supplemental information.]

In the third study (identified as Study 14, 
2009a), groups of 51 male and 51 female CD-I 
mice [age at start not reported] were given diets 
containing glyphosate (purity, 94.6-97.6%) at a 
concentration of 0, 500, 1500, or 5000 ppm for 
18 months. Incidences for bronchiolo-alveolar 
adenoma and carcinoma, malignant lymphoma 
(NOS), and hepatocellular adenoma and carci
noma in males, and for bronchiolo-alveolar 
adenoma and carcinoma, malignant lymphoma 
(NOS) and pituitary adenoma in females, were 
included in the article. In males, the authors 
reported that there was a significant positive trend 
[statistical test not specified] in the incidence of 
bronchiolo-alveolar carcinoma (5/51, 5/51, 7/51, 
11/51) and of malignant lymphoma (0/51, 1/51, 
2/51, 5/51). [The Working Group was unable to

evaluate this study because of the limited exper
imental data provided in the review article and 
supplemental information.]

3.2 Rat
See fab le  3.2

3.2.7 Drinking-w ater

Groups of 10 male and 10 female Sprague- 
Dawley rats (age, 5 weeks) were given drinking- 
water containing a glyphosate-based formulation 
atadoseof0(control),l.l x 10~8%(5.0x 10_5mg/L), 
0.09% (400 mg/L) or 0.5% (2.25 x 10J mg/L), ad 
libitum, for 24 months (Seraiini cl a l 2014). [The 
study reported is a life-long toxicology study on 
a glyphosate-based formulation and on geneti
cally modified NK603 maize, which the authors 
stated was designed as a full study of long-term 
toxicity and not a study of carcinogenicity. No 
information was provided on the identity or 
concentration of other chemicals contained in 
this formulation.] Survival was similar in treated 
and control rats. [No data on body weight were 
provided.] In female rats, there was an almost 
twofold increase in the incidence of tumours 
of the mammary gland (mainly fibroadenoma 
and adenocarcinoma) in animals exposed to 
the glyphosate-based formulation only versus 
control animals: control, 5/10 (50%); lowest dose, 
9/10 (90%); intermediate dose, 10/10 (100%) 
[P < 0.05; Fisher exact test]; highest dose, 9/10 
(90%). [The Working Group concluded that this 
study conducted on a glyphosate-based formu
lation was inadequate for evaluation because 
the number of animals per group was small, the 
histopathological description of tumours was 
poor, and incidences of tumours for individual 
animals were not provided.]

In another study with drinking-water, 
Chruscielska et al. (2000) gave groups of 55 
male and 55 female Wistar rats (age, 6-7 weeks) 
drinking-water containing an ammonium salt
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of glyphosate as a 13.85% solution [purity of 
glyphosate, not reported] that was used to make 
aqueous solutions of 0 (control), 300, 900, and 
2700 mg/L, for 24 months [details on the dosing 
regimen were not reported]. The authors reported 
that survival and body-weight gain were similar 
in treated and control animals. No significant 
increase in tum our incidence was reported in 
any of the treated groups. [The Working Group 
noted the limited information provided on 
dosing regimen, histopathological examination 
method, and tum our incidences.]

3.2.2 Dietary adm inistration

The JMPR report included information on a 
1-year feeding study in which groups of 24 male 
and 24 female Wistar-Alpk:APfSD rats [age at 
start not reported] were given diets containing 
glyphosate (purity, 95.6%) at a concentration of 0, 
2000, 8000, or 20 000 ppm, ad libitum, for 1 year 
(1MPR, 2006). There was a treatment-related 
decrease in body-weight gain at the two highest 
doses (significant at 20 000 ppm for both sexes, 
and at 8000 ppm only in females). There was no 
treatment-related decrease in survival. No signif
icant increase in tum our incidence was observed 
in any of the treated groups. [The Working Group 
noted the short duration of exposure.]

The JMPR report also included information 
on a 104-week feeding study in which groups of 
50 male and 50 female Sprague-Dawley rats [age 
at start not reported] were given diets containing 
glyphosate (purity, 98.7-98.9%) at a concentra
tion that was adjusted to provide doses of 0, 10, 
100, 300, or 1000 mg/kg bw, ad libitum, for 104 
weeks (JMPR, 2006). There was a treatment-re
lated decrease in body-weight gain in males and 
females at the highest dose. There was no signif
icant treatment-related decrease in survival or 
increase in tum our incidence in any of the 
treated groups.

Information was also included in the JMPR 
report on a 24-month feeding study in which

groups of 52 male and 52 female Wistar- 
Alpk:APfSD rats [age at start not reported] were 
given diets containing glyphosate (purity, 97.6%) 
at a concentration of0,2000,6000, or 20 000 ppm, 
ad libitum, for 24 months (JMPR, 2006). There 
was a treatment-related decrease in body-weight 
gain in males and females at the highest dose, and 
a corresponding significant increase in survival 
in males. No significant increase in tumour inci
dence was observed in any of the treated groups.

The PA (1991a. b, c, d) provided information 
on a long-term study in which groups of 60 male 
and 60 female Sprague-Dawley rats (age, 8 weeks) 
were given diets containing glyphosate (technical 
grade; purity, 96.5%) at a concentration of 0 ppm, 
2000 ppm, 8000 ppm, or 20 000 ppm, ad libitum, 
for 24 months. Ten animals per group were killed 
after 12 months. There was no compound-related 
effect on survival, and no statistically significant 
decreases in body-weight gain in male rats. In 
females at the highest dose, body-weight gain 
was significantly decreased, starting on day 51. In 
males at the lowest dose, there was a statistically 
significant increase in the incidence of pancre
atic islet cell adenoma compared with controls: 
8/57 (14%) versus 1/58 (2%), P < 0.05 (Fisher exact 
test). Additional analyses by the l-PA (1991a) 
(using the Cochran-Armitage trend test and 
Fisher exact test, and excluding rats that died or 
were killed before week 55) revealed a statistically 
significant higher incidence of pancreatic islet 
cell adenoma in males at the lowest and highest 
doses compared with controls: lowest dose, 8/45 
(18%; P = 0.018; pairwise test); intermediate dose, 
5/49 (10%); highest dose, 7/48 (15%; P = 0.042; 
pairwise test) versus controls, 1/43 (2%). The 
range for historical controls for pancreatic islet 
cell adenoma reported in males at this labora
tory was 1.8-8.5%. [The Working Group noted 
that there was no statistically significant positive 
trend in the incidence of these tumours, and 
no apparent progression to carcinoma.] There 
was also a statistically significant positive trend 
in the incidence of hepatocellular adenoma in
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Table 3.2 Studies of carcinogenicity with glyphosate in rats

Species, strain (sex) Dosing regimen, For each target organ:
Duration Animals/group at start incidence (%) and/or
Reference multiplicity of tumours

Rat, Sprague-Dawley 
(M, F)
24 mo
Séralini e t a l. (2014)

Drinking-water containing a glyphosate- 
based formulation at a concentration 
of 0 (control), 1.1 x 10 *% (glyphosate,
5.0 x 10 5 mg/L), 0.09% (glyphosate,
400 mg/L) or 0.5% (glyphosate,
2.25 x 103 mg/L), ad libitum, for 24 mo 
10 M and 10 F/group (age, 5 wk)

Rat, Wistar (M, F) 
24 mo
C.hrusciclska e t al. 
( 2000 )

Rat, Wistar- 
Alpk:APfSD (M, F)
1 yr
1M PR (20061
Rat, Sprague-Dawley
(M.F)
104 wk 
IMPR (2006)
Rat, Wistar- 
Alpk:APfSD (M, F) 
24 mo
IMPR (2006)

Drinking-water containing ammonium 
salt of glyphosate (13.85% solution) 
[purity of glyphosate, NR] was used to 
make aqueous solutions of 0, 300, 900, 
and 2700 mg/L
[Details on dosing regimen, NR]
55 M and 55 F/group (age, 6-7 wk)
Diet containing glyphosate (purity, 
95.6%) at concentrations of 0, 2000,
8000, or 20 000 ppm, ad libitum, for 1 yr 
24 M and 24 F/group [age, NR]
Diet containing glyphosate (purity, 
98.7-98.9%) at doses of 0, 10, 100, 300, or 
1000 mg/kg bw, ad libitum, for 104 wk 
50 M and 50 F/group [age, NR]
Diet containing glyphosate (purity, 
97.6%) at concentrations of 0, 2000,
6000, or 20 000 ppm, ad libitum, for 2 yr 
52 M and 52 F/group [age, NR]

M a le s

No significant increase in 
tumour incidence observed in 
any of the treated groups 
F e m a le s

Mammary tumours 
(mainly fibroadenomas and 
adenocarcinomas): 5/10 
(50%), 9/10 (90%), 10/10 
(100%)’, 9/10 (90%)
Pituitary lesions 
(hypertrophy, hyperplasia, 
and adenoma): 6/10 (60%), 
8/10 (80%), 7/10 (70%), 7/10 
(70%)
No significant increase in 
tumour incidence observed in 
any of the treated groups

No significant increase in 
tumour incidence observed in 
any groups of treated animals

No significant increase in 
tumour incidence observed in 
any groups of treated animals

No significant increase in 
tumour incidence observed in 
any groups of treated animals

Significance Comments

NS

* \P  < 0.05]

[NS]

Data are from an in-depth life-long toxicology 
study on a glyphosate-based formulation and 
NK603 genetically modified maize; authors 
stated that the study was designed as a full 
chronic toxicity and not a carcinogenicity study. 
No information provided on the identity or 
concentration of other chemicals contained in 
this formulation
Histopathology poorly described and tumour 
incidences for individual animals not discussed 
in detail. Small number of animals per group 
[The Working Group concluded this was an 
inadequate study for the evaluation of glyphosate 
carcinogenicity]

NS Limited information on dosing regimen,
histopathological examination methods, and 
tumour incidences

NS Short duration of exposure

NS

NS
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Table 3.2 (continued)
LO >

33
O

Species, strain (sex) Dosing regimen, For each target organ: Significance Comments
Duration Animals/group at start incidence (%) and/or
Reference multiplicity of tumours

Rat Sprague-Dawley 
(M, F)
24 mo
I: I’A (1991a. h. i,d ) for 24 mo 

60 M and 60 F/group (age, 8 wk) 
10 rals/group killed after 12 mo

Males
Pancreas (islet cell):
Adenoma: 1/58 (2%), 8/57 
(14%)*, 5/60 (8%), 7/59 (12%) 
Carcinoma: 1/58 (2%), 0/57, 
0/60,0/59
Adenoma or carcinoma 
(combined): 2/58 (3%), 8/57 
(14%), 5/60 (8%), 7/59 (12%) 
Liver:
Hepatocellular adenoma: 2/60 
(3%), 2/60 (3%), 3/60 (6%), 
7/60(12%)
Hepatocellular carcinoma: 
3/60 (5%), 2/60 (3%), 1/60 
(2%), 2/60 (3%)
Females

Diet containing glyphosate (technical 
grade; purity, 96.5%) at concentrations of 
0, 2000, 8000, or 20 000 ppm, ad libitum.

Pancreas (islet cell): 
Adenoma: 5/60 (8%), 1/60 
(2%), 4/60 (7%), 0/59 
Carcinoma: 0/60,0/60,0/60, 
0/59
Adenoma or carcinoma 
(combined): 5/60 (8%), 1/60 
(2%), 4/60 (7%), 0/59 
Thyroid:
C-cell adenoma: 2/60 (3%), 
2/60 (3%), 6/60 (10%), 6/60 
( 10% )

C-cell carcinoma: 0/60, 0/60, 
1/60, 0/60

Adenoma,
*  P < 0.05 
(Fisher exact 
test with 
Bonferroni 
inequality); 
see
comments

Adenoma,
P for trend 
= 0.016; see 
comments

NS

Adenoma, 
P for trend 
= 0.031; see 
comments

Historical control range for pancreatic islet cell 
adenoma reported in males at this laboratory,
1.8-8.5%
F FA 11991a) performed additional analyses using 
the Cochran-Armitage trend test and Fisher 
exact test, and excluding animals that died or 
were killed before wk 54-55:
Males
Pancreas (islet cell):
Adenoma: 1/43 (2%), 8/45 (18%; P = 0.018), 5/49 
(10%), 7/48 (15%; P = 0.042)
Carcinoma: 1/43 (2%), 0/45 (0%), 0/49 (0%), 0/48 
(0%)
Adenoma or carcinoma (combined): 2/43 (5%), 
8/45 (18%), 5/49 (10%), 7/48 (15%)
IThcrc was no statistically significant positive 
trend in the incidence of pancreatic tumours, 
and no apparent progression to carcinoma]
Liver:
Hepatocellular adenoma: 2/44 (5%; P for trend = 
0.016), 2/45 (4%), 3/49 (6%), 7/48 (15%) 
Hepatocellular carcinoma: 3/44 (7%); 2/45 (4%), 
1/49 (2%), 2/48 (4%)
Hepatocellular adenoma or carcinoma 
(combined): 5/44 (11%), 4/45 (9%), 4/49 (8%),
9/48 (19%)
|There was no apparent progression to 
carcinoma]
Females
Thyroid:
C-cell adenoma: 2/57 (4%; P for trend = 0.031), 
2/60 (3%), 6/59 (10%), 6/55 (11%)
C-cell carcinoma: 0/57,0/60, 1/59 (2%), 0/55 
C-cell adenoma or carcinoma (combined): 2/57 
(4%), 2/60 (3%), 7/59 (12%), 6/55 (11%)
[There was no apparent progression to 
carcinoma]
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Table 3.2 (continued)

Species, strain (sex) Dosing regimen, 
D uration Animals/group at start
Reference

Rat Sprague-Dawley 
(M, F)
Lifetime (up to 26 
mo)
FIFA (1991a. b .c .d )

Diet containing glyphosate (purity, 
98.7%) at concentrations of 0 ppm,
30 ppm (3 mg/kg bw per day), 100 
ppm (10 mg/kg bw per day), 300 ppm 
(31 mg/kg bw per day), ad libitum, up to 
26 mo
50 M and 50 F/group [age, NR]

For each target organ: 
incidence (%) and/or 
multiplicity of tumours

Males
Pancreas (islet cell): 
Adenoma: 0/50 (0%), 5/49* 
(10%), 2/50 (4%), 2/50 (4%)

Carcinoma: 0/50 (0%), 0/49 
(0%), 0/50 (0%), 1/50 (2%) 
Adenoma or carcinoma 
(combined): 0/50 (0%), 5/49 
(10%), 2/50 (4%), 3/50 (6%) 
Females
Pancreas (islet cell): 
Adenoma: 2/50 (4%), 1/50 
(2%), 1/50 (2%), 0/50 (0%) 
Carcinoma: 0/50 (0%), 1/50 
(2%), 1/50 (2%), 1/50 (2%) 
Adenoma or carcinoma 
(combined): 2/50 (10%), 2/50 
(2%), 2/50 (74%), 1/50 (2%)

Significance

Adenoma, 
*[P < 0.05; 
Fisher exact 
test]

NS

hw, body weight; 6, d a y ;fe m a le ;  M, male; mo, month; N R , not reported; NS, not significant; wk, week; yr, year

Comments

[There was no statistically significant positive 
trend in the incidence of pancreatic tumours, 
and no apparent progression to carcinoma]
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males (P = 0.016) and of thyroid follicular cell 
adenoma in females (P = 0.031). [The Working 
Group noted that there was no apparent progres
sion to carcinoma for either tumour type.]

The PA (1991 a, b, c, d) provided information 
on another long-term study in which groups of 
50 male and 50 female Sprague-Dawley rats [age 
at start not reported] were given diets containing 
glyphosate (purity, 98.7%) at a concentration of 
0, 30 (3 mg/kg bw per day), 100 (10 mg/kg bw 
per day), or 300 ppm (31 mg/kg bw per day), ad 
libitum, for life (up to 26 months). No informa
tion was provided on body weight or survival of 
the study animals. An increase in the incidence 
of pancreatic islet cell adenoma was reported 
in males at the lowest dose: controls, 0/50 (0%); 
lowest dose, 5/49 (10%) [P < 0.05; Fisher exact 
test]; intermediate dose, 2/50 (4%); highest dose, 
2/50 (4%). [The Working Group noted that there 
was no statistically significant positive dose-re
lated trend in the incidence of these tumours, 
and no apparent progression to carcinoma.]

3.2.3 Review articles

( iroim et al. (2015) have published a review 
article containing information on nine long
term bioassay feeding studies in rats. O f these 
studies, two had been submitted for review to 
the EPA (1991a. b, c, d), two to the JMPR (1MPR, 
2006), and one had been published in the openly 
available scientific literature (Ch ruscielska 
cl al.. 2000); these studies are discussed earlier 
in Section 3.2. The review article reported on an 
additional four long-term bioassay studies in rats 
that had not been previously published, but had 
been submitted to various organizations for regis
tration purposes. The review article provided a 
brief summary of each study and referred to an 
online data supplement containing the original 
data on tum our incidence from study reports. 
The four additional long-term bioassay studies 
in rats are summarized below. [The Working 
Group did not evaluate these studies, which are

not included in fable 3.2 and Section 5.3, because 
the information provided in the review article 
and its supplement was insufficient (e.g. infor
mation lacking on statistical methods, choice of 
doses, body-weight gain, survival data, details on 
histopathological examination and/or stability 
of dosed feed mixture).]

In one study (identified as Study 4, 1996), 
groups of 50 male and 50 female Wistar rats [age 
at start not reported] were given diets containing 
glyphosate (purity, 96%) at a concentration 
of 0, 100, 1000, or 10 000 ppm, ad libitum, for 
24 months. It was reported that hepatocellular 
adenomas and hepatocellular carcinomas were 
found at non-statistically significant incidences 
in both males and females. There was no signifi
cant increase in tum our incidence in the treated 
groups. [The Working Group was unable to 
evaluate this study because of the limited exper
imental data provided in the review article and 
supplemental information.]

In one study in Sprague-Dawley rats (iden
tified as Study 5, 1997), groups of 50 male and 
50 female rats [age at start not reported] were 
given diets containing glyphosate technical acid 
[purity not reported] at a concentration ofO, 3000, 
15 000, or 25 000 ppm, ad libitum, for 24 months. 
There was no significant increase in tum our inci
dence in the treated groups. [The Working Group 
was unable to evaluate this study because of the 
limited experimental data provided in the review 
article and supplemental information.]

In a second study in Sprague Dawley rats 
(identified as Study 6, 1997b), groups of 50 
males and 50 females [age at start not reported] 
were given diets containing glyphosate (purity, 
94.6-97.6%) at a concentration ofO, 3000,10 000, 
or 30 000 ppm, ad libitum, for 24 months. 
Non-significant increases in tum our incidences 
compared with controls were noted for skin 
keratoacanthoma in males at the highest dose, 
and for fibroadenoma of the mammary gland 
in females at the lowest and intermediate doses. 
[The Working Group was unable to evaluate this
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study because of the limited experimental data 
provided in the review article and supplemental 
information.]

In another study in male and female Wistar 
rats (identified as Study 8, 2009b), groups of 
51 male and 51 female rats [age at start not 
reported] were fed diets containing glyphosate 
(purity, 95.7%) at a concentration of 0, 1500, 
5000, or 15 000 ppm, ad libitum, for 24 months. 
The highest dose was progressively increased 
to reach 24 000 ppm by week 40. A non-signif
icant increase in tum our incidence was noted 
for adenocarcinoma of the mammary gland in 
females at the highest dose (6/51) compared with 
controls (2/51). [The Working Group was unable 
to evaluate this study because of the limited 
experimental data provided in the review article 
and supplemental information. The Working 
Group noted that tumours of the mammary 
gland had been observed in other studies in rats 
reviewed for the present Monograph.]

4. Mechanistic and Other 
Relevant Data

4.1 Toxicokinetic data
4.7.7 Introduction

The herbicidal activity of glyphosate is attrib
uted to interference with the production of essen
tial aromatic amino acids (I FA. 1993b). In plants, 
glyphosate competitively inhibits the activity 
of enolpyruvylshikimate phosphate synthase, 
an enzyme that is not present in mammalian 
cells. Glyphosate is degraded by soil microbes 
to aminomethylphosphonic acid (AMPA) (see 
Fig. 4,1), a metabolite that can accumulate in the 
environment. In mammals, glyphosate is not 
metabolized efficiently, and is mainly excreted 
unchanged into the urine; however, it has been 
suggested that glyphosate can undergo gut

microbial metabolism in humans (Motoiyuku 
ct al., 2008) and rodents (Brewster el al„ 1991).

4.7.2 Absorption  

(a) Humans

Data on the absorption of glyphosate via 
intake of food and water in humans were not 
available to the Working Group. Inhalation of 
glyphosate is considered to be a minor route 
of exposure in humans, because glyphosate is 
usually formulated as an isopropylamine salt 
with a very low vapour pressure (Tomlin, 2000).

In the Farm Family Exposure Study, 60% of 
farmers had detectable levels of glyphosate in 
24-hour composite urine samples taken on the 
day they had applied a glyphosate-based formu
lation (Acquavella el al., 2004). Farmers who 
did not use rubber gloves had higher urinary 
concentrations of glyphosate than those who did 
use gloves [indicating that dermal absorption is 
a relevant route of exposure]. In a separate study, 
detectable levels of glyphosate were found in 
urine samples from farm families and non-farm 
families (Curwin ct al.. 2007).

In accidental and deliberate intoxication cases 
involving ingestion of glyphosate-based formu
lations, glyphosate was readily detectable in the 
blood (Zouaoui et al., 2013). After deliberate 
or accidental ingestion, one glyphosate-based 
formulation was found to be more lethal to 
humans than another (Sorensen & Gregersen, 
1999). [Greater lethality was attributed to the 
presence of trimethylsulfonium counterion, 
which might facilitate greater absorption after 
oral exposure.]

Small amounts of glyphosate can be absorbed 
after dermal exposures in humans in vitro. 
For example, when an aqueous solution of 1% 
glyphosate was applied in an in-vitro human 
skin model, only 1.4% of the applied dose was 
absorbed through the skin. Glyphosate is typi
cally formulated as an isopropylamine salt, and 
is dissolved in a water-based vehicle, while the
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stratum corneum is a lipid-rich tissue (Wester 
cl iii, 1991). In-vitro studies using human skin 
showed that percutaneous absorption of a 
glyphosate-based formulation was no more than 
2% of the administered dose over a concentration 
range of 0.5-154 pg/cm2 and a topical volume 
range of 0.014-0.14 mL/cm2. In addition, very 
little glyphosate (< 0.05% of the administered 
dose) was sequestered in the stratum corneum 
after dermal application (Wester ct al., 1991).

In the human Caco-2 cell line, an in-vitro 
model of intestinal enterocytes, glyphosate 
(> 10 mg/mL) was shown to significantly disrupt 
barrier properties, leading to an increase in para- 
cellular permeability (transport of substances 
that pass through the intercellular space between 
the cells) (Vasiluk c l cil., 2003).

(b) Experimen tal sys terns

Three studies have been conducted to inves
tigate the absorption of a single oral dose of 
glyphosate in rats (Brewster cl al.. 1991: Chan & 
Mahler, 1992; EPA. 1993b).

In male Sprague-Dawley rats given 
[l4C]-labelled glyphosate (10 mg/kg bw), the 
majority of the radiolabel was associated with 
the gastrointestinal contents and small intestinal 
tissue 2 hours after administration (Brewster 
cl if/., 1991). Approximately 35-40% of the adm in
istered dose was found to be absorbed from the 
gastrointestinal tract. Urinary and faecal routes 
of elimination were equally important. [The 
Working Group concluded that glyphosate is 
incompletely absorbed from the gastrointestinal 
tract after oral exposure in rats.]

In a study by the United States National 
Toxicology Programme (NTP) in Fisher 344 rats, 
30% of the administered oral dose (5.6 mg/kg bw) 
was absorbed, as determined by urinary excre
tion data (Chan & Mahler. 19921. This finding 
was in accordance with the previously described 
study of oral exposure in rats (Brewstei cl aL, 
1991).

In a study reviewed by the EPA, Sprague- 
Dawley rats were given an oral dose of glyphosate 
(10 mg/kg bw); 30% and 36% of the administered 
dose was absorbed in males and females, respec
tively (EPA, 1993b). At a dose that was ~ 10-fold 
higher (1000 mg/kg bw), oral absorption of 
glyphosate by the rats was slightly reduced.

In a 14-day feeding study in Wistar rats given 
glyphosate at dietary concentrations of up to 100 
ppm, only ~15% of the administered dose was 
found to be absorbed UMPR, 2006). In New 
Zealand White rabbits or lactating goats given 
glyphosate as single oral doses (6-9 mg/kg bw), 
a large percentage of the administered dose was 
recovered in the faeces [suggesting very poor 
gastrointestinal absorption of glyphosate in 
these animal models] (1MPR, 2006).

In monkeys given glyphosate by dermal appli
cation, percutaneous absorption was estimated 
to be between 1% and 2% of the administered 
dose (Wester et at., 1991). Most of the adminis
tered dose was removed by surface washes of the 
exposed skin.

4.1.3 Distribution  

(a) Humans

No data in humans on the distribution of 
glyphosate in systemic tissues other than blood 
were available to the Working Group. In cases 
of accidental or deliberate intoxication involving 
ingestion of glyphosate-based formulations, 
glyphosate was measured in blood. Mean blood 
concentrations of glyphosate were 61 mg/L and 
4146 mg/L in mild-to-moderate cases of intoxi
cation and in fatal cases, respectively (Zouamu 
ct a i. 2013).

One report, using optical spectroscopy and 
molecular modelling, indicated that glyphosate 
could bind to human serum albumin, mainly 
by hydrogen bonding; however, the fraction of 
glyphosate that might bind to serum proteins 
in blood was not actually measured (Yue ct aL,
2008).
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Fig. 4.1 Microbial metabolism of glyphosate to AMPA
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(b) Experimental systems

In Sprague-Dawley rats given a single oral 
dose of glyphosate (100 mg/kg bw), glypho
sate concentrations in plasma reached peak 
levels, then declined slowly from day 1 to day 5 
(Bernal cl al., 2010). The plasma data appeared 
to fit a one-compartment model with an elim
ination rate constant of kcl = 0.021 h o u r1. [The 
Working Group estimated the elimination half- 
life of glyphosate to be 33 hours.] Tissue levels of 
glyphosate were not determined in this study. In 
a study by Brewster el al. (1991). the tissue levels 
of glyphosate at 2, 6.3, 28, 96, and 168 hours in 
Sprague-Dawley rats given a single oral dose 
(10 mg/kg bw) declined rapidly. Tissues with the 
greatest amounts of detectable radiolabel (> 1% of 
the administered dose) were the small intestine, 
colon, kidney, and bone. Peak levels were reached 
in small intestine tissue and blood by 2 hours, 
while peak levels in other tissues occurred at 
6.3 hours after dosing. After 7 days, the total 
body burden of [14C]-labelled residues was ~1% of 
the administered dose, and was primarily asso
ciated with the bone (~1 ppm). In every tissue 
examined after administration of [l4C]-labelled 
glyphosate, essentially 100% of the radiolabel 
that was present in the tissue was unmetabolized 
parent glyphosate. Thus, essentially 100% of the 
body burden was parent compound, with no 
significant persistence of glyphosate after 7 days 
(Brewster et al.. 1991). In a 14-day feeding study 
in Wistar rats given diets containing glyphosate 
at 100 ppm, glyphosate reached steady-state levels

in the blood by day 6 ( IMPR, 2006). The tissue 
concentrations of glyphosate had the following 
rank order: kidneys > spleen > fat > liver. 
Tissue levels declined rapidly after cessation of 
exposure to glyphosate. A second study in rats 
given glyphosate (10 mg/kg bw per day, 14 days) 
followed by a single oral dose of [14C]-glyphosate 
(at 10 mg/kg bw) showed that repeated dosing 
did not alter the tissue distribution of glyphosate 
( IMPR. 20061.

In rhesus monkeys, tissues harvested 7 days 
after dermal exposures to [l4C]-labelled glypho
sate did not contain radiolabel at detectable levels
(Wester cl al., 1991).

4.1.4 Metabolism and m odulation o f  
m etabolic enzym es

(a) Metabolism

Glyphosate is degraded in the environ
ment by soil microbes, primarily to AMPA 
and carbon dioxide (Fig, 4.1; lacob cl al., 
1988). A minor pathway for the degradation of 
glyphosate in bacteria (P s e u d o m o n a s  sp. strain 
LBr) is via conversion to glycine (Jacob c[ al.. 
1988), In a case of deliberate poisoning with a 
glyphosate-based formulation, small amounts 
of AMPA (15.1 pg/mL) were detectable in the 
blood (Motoiyuku cl al., 2008) [suggesting that 
this pathway might also operate in humans]. In 
rats given a single high oral dose of glyphosate 
(100 mg/kg bw), small amounts of AMPA were 
detected in the plasma (Bernal et al.. 2010). In
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male Sprague-Dawley rats given an oral dose of 
glyphosate (10 mg/kg bw), a very small amount 
of AMPA (< 0.04% of the administered dose) was 
detected in the colon 2 hours after dosing; this 
was attributed to intestinal microbial metabo
lism (Brewster el a l 1991).

(b) Modulation of metabolic enzymes

(i) Humans
In human hepatic cell lines, treatment with 

one of four glyphosate-based formulations 
produced by the same company was shown to 
enhance CYP3A4 and CYP1A2 levels, while 
glutathione transferase levels were reduced 
(Gasnier ct al., 2011 i). [The Working Group noted 
that it was not clear whether the effects were 
caused by glyphosate alone or by the adjuvants 
contained in the formulation.]

(ii) Experimental systems
Exposure of Wistar rats to a glyphosate-based 

formulation significantly altered some hepatic 
xenobiotic enzyme activities (l.arsen ct al.,
2011). Liver microsomes obtained from male 
and female rats treated with the formulation 
exhibited ~50% reductions in cytochrome 
P450 (CYP450) content compared with control 
(untreated) rats. However, opposing effects were 
observed when assessing 7-ethoxycoumarin 
O-deethylase activity (7-ECOD, a non-specific 
CYP450 substrate). Female rats treated with the 
glyphosate-based formulation exhibited a 57% 
increase in hepatic microsomal 7-ECOD activity 
compared with controls, while male rats treated 
with the formulation exhibited a 58% decrease in 
this activity (l.arsen et a l 2014). [The Working 
Group noted that it was not clear whether the 
effects were caused by glyphosate alone or by 
adjuvants contained in the formulation.]

4.7.5 Excretion

(a) Humans

Excretion of glyphosate in humans was docu
mented in several biomonitoring studies. For 
example, as part of the Farm Family Exposure 
Study, urinary concentrations of glyphosate were 
evaluated immediately before, during, and after 
glyphosate application in 48 farmers and their 
spouses and children (Acquavella cl al., 2004). 
Dermal contact with glyphosate during mixing, 
loading, and application was considered to be the 
main route of exposure in the study. On the day 
the herbicide was applied, 60% of the farmers 
had detectable levels of glyphosate in 24-hour 
composite urine samples, as did 4% of their 
spouses and 12% of children. For farmers, the 
geometric mean concentration was 3 pg/L, the 
maximum value was 233 pg/L, and the highest 
estimated systemic dose was 0.004 mg/kg bw 
( |uavella el al., 2004). In a separate study, 
detectable levels of glyphosate were excreted 
in the urine of members of farm families and 
of non-farm families, with geometric means 
rangingfrom 1.2to2.7 pg/L (' urwin ii al.: 2007).

In a study of a rural population living near 
areas sprayed for drug eradication in Colombia 
(see Section 1.4.1, Table 3,5). mean urinary 
glyphosate concentrations were 7.6 pg/L (range, 
undetectable to 130 pg/L) (Varona ct nl., 2009). 
AMPA was detected in 4% of urine samples 
(arithmetic mean, 1.6 pg/L; range, undetectable 
to 56 pg/L).

(b) Experimental systems

In an NTP study in Fisher 344 rats given a 
single oral dose of [uC]Tabelled glyphosate (5.6 
or 56 mg/kg bw), it was shown that > 90% of 
the radiolabel was eliminated in the urine and 
faeces within 72 hours (Chan & Mahler, 1992). In 
Sprague-Dawley rats given [HC]-labelled glypho
sate at an oral dose of 10 or 1000 mg/kg bw, 
~60-70% of the administered dose was excreted 
in the faeces, and the remainder in the urine (EPA,
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1993b). By either route, most (98%) of the adm in
istered dose was excreted as unchanged parent 
compound. AMPA was the only metabolite found 
in the urine (0.2-0.3% of the administered dose) 
and faeces (0.2-0.4% of the administered dose). 
[The large amount of glyphosate excreted in the 
faeces is consistent with its poor oral absorption.] 
Less than 0.3% of the administered dose was 
expired as carbon dioxide.

In rhesus monkeys given glyphosate as 
an intravenous dose (9 or 93 pg), > 95% of the 
administered dose was excreted in the urine 
(Wester cl al., 1991). Nearly all the administered 
dose was eliminated within 24 hours. In contrast, 
in rhesus monkeys given glyphosate by dermal 
application (5400 pg/20 cm2), only 2.2% of the 
administered dose was excreted in the urine 
within 7 days (Wester et t i l 1991).

Overall, systemically absorbed glyphosate 
is not metabolized efficiently, and is mainly 
excreted unchanged into the urine.

4.2 Mechanisms of carcinogenesis
4.2.1 Genetic and related effects

Glyphosate has been studied for genotoxic 
potential in a wide variety of assays. Studies 
carried out in exposed humans, in human cells 
in vitro, in other mammals in vivo and in vitro, 
and in non-mammalian systems in vivo and in 
vitro, respectively, are summarized in fable 4 .1, 
Table 4,2. Table 4.3. fable 4.4. and Table 4.5. 
[A review article by Kier & Kirkland (2013) 
summarized the results of published articles 
and unpublished reports of studies pertaining 
to the genotoxicity of glyphosate and glypho
sate formulations. A supplement to this report 
contained information on 66 unpublished regu
latory studies. The conclusions and data tables 
for each individual study were included in the 
supplement; however, the prim ary study reports 
from which these data were extracted were not 
available to the Working Group. The information

provided in the supplement was insufficient 
regarding topics such as details of statistical 
methods, choice of the highest dose tested, and 
verification of the target tissue exposure. The 
Working Group determined that the informa
tion in the supplement to Kier & Kirkland (2013) 
did not meet the criteria for data inclusion as laid 
out in the Preamble to the ¡ARC Monographs, 
being neither “reports that have been published 
or accepted for publication in the openly avail
able scientific literature” nor “data from govern
mental reports that are publicly available” (1 ARC'. 
2006). The review article and supplement were 
not considered further in the evaluation.]

(a) Humans

(i) Studies in exposed humans
See Table 4.1
In exposed individuals (« = 24) living in 

northern Ecuador in areas sprayed with a glypho- 
sate-based formulation, a statistically significant 
increase in DNA damage (DNA strand breaks) 
was observed in blood cells collected 2 weeks to 
2 months after spraying (Paz-v-Mino et al., 2007). 
The same authors studied blood cells from indi
viduals (n = 92) in 10 communities in Ecuador’s 
northern border, who were sampled 2 years after 
the last aerial spraying with a herbicide mix 
containing glyphosate, and showed that their 
karyotypes were normal compared with those of 
a control group (Paz-v-Mino et a l 2011).

Bolognesi et al. (2009) studied community 
residents (137 women of reproductive age and 
their 137 spouses) from five regions in Colombia. 
In three regions with exposures to glypho- 
sate-based formulations from aerial spraying, 
blood samples were taken from the same indi
viduals at three time-points (before spraying 
(baseline), 5 days after spraying and 4 months 
after spraying) to determine the frequency of 
micronucleus formation in lymphocytes. The 
baseline frequency of binucleated cells with 
micronuclei was significantly higher in subjects
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from the three regions where there had been 
aerial spraying with glyphosate-formulations 
and in a fourth region with pesticide exposure 
(but not through aerial spraying), compared 
with a reference region (without use of pesti
cide). The frequency of micronucleus formation 
in peripheral blood lymphocytes was signifi
cantly increased, compared with baseline levels 
in the same individuals, after aerial spraying 
with glyphosate-based formulations in each of 
the three regions (see Table 4.1; Bolognesi et ai,
2009). Immediately after spraying, subjects who 
reported direct contact with the glyphosate-based 
spray showed a higher frequency of binucleated 
cells with micronuclei. However, the increase in 
frequency of micronucleus formation observed 
immediately after spraying was not consistent 
with the rates of application used in the regions, 
and there was no association between self-re- 
ported direct contact with pesticide sprays and 
frequency of binucleated cells with micronuclei. 
In subjects from one but not other regions, the 
frequency of binucleated cells with micronu
clei was significantly decreased 4 months after 
spraying, compared with immediately after 
spraying.

(ii) Human cells in vitro
See Table T.2
Glyphosate induced DNA strand breaks (as 

measured by the comet assay) in liver Hep-2 cells
/Mañas et al.. 2009a). lymphocytes (Mladinic 
Si ¡il., 2009b; Alvarez-Moya et a i, 20 IT). GM38 
fibroblasts, the HT1080 fibrosarcoma cell line 
(Monrov et a i, 2005). and the TR146 buccal 
carcinoma line (Roller cl a i, 2012). DNA strand 
breaks were induced by AMPA in Hep-2 cells 
(Mafias et ¡il., 2009b), and by a glyphosate-based 
formulation in the TR146 buccal carcinoma cell 
line (Roller et til., 2012).

In human lymphocytes, AMPA (Mafias cl al.. 
20()9b). but not glyphosate (Mafias el al., 2009a). 
produced chromosomal aberrations. Glyphosate 
did not induce a concentration-related increase

in micronucleus formation in human lympho
cytes at levels estimated to correspond to occupa
tional and residential exposure (Mladinic cl ai, 
3009a). Sister-chromatid exchange was induced 
by glyphosate (Bolognesi cl a!., 1997), and by 
a glyphosate-based formulation (Vigt'usson & 
Vvse, 1980; Bolognesi cl al., 1997) in human 
lymphocytes exposed in vitro.

(b) Experimental systems

(i) Non-human mammals in vivo
See T able 4.3
The ability of glyphosate or a glypho

sate-based formulation to induce DNA adducts 
was studied in mice given a single intraperito- 
neal dose. Glyphosate induced DNA adducts 
(8-hydroxy deoxyguanosine) in the liver, but not 
in the kidney, while a glyphosate-based formula
tion caused a slight increase in DNA adducts in 
the kidney, but not in the liver (Bolognesi cl til., 
1997). Peluso et al. (1998) showed that a glypho
sate-based formulation (glyphosate, 30.4%), but 
not glyphosate alone, caused DNA adducts (as 
detected by 32P-DNA post-labelling) in mouse 
liver and kidney. Glyphosate and a glypho
sate-based formulation produced DNA strand 
breaks in  the liver and kidney after a single intra- 
peritoneal dose (Bolognesi cl a i. 1997).

In mice given a single dose of glyphosate by 
gavage, no genotoxic effect was observed by the 
dominant lethal test (i PA, 1980a).

After a single intraperitoneai dose, no 
chromosomal aberrations were observed in the 
bone marrow of rats treated with glyphosate (Li 
Ik bong 198.8), while chromosomal aberrations 
were increased in the bone marrow of mice given 
a glyphosate-based formulation (glyphosate 
isopropylamine salt, -41%) (Prasad cl a i, 2009). 
A single oral dose of a glyphosate-based formu
lation did not cause chromosomal aberrations in 
mice (Dimitrov cl t i l 2006).

In mice treated by intraperitoneai injec
tion, a single dose of glyphosate did not cause
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micronucleus formation in the bone marrow 
(Rank cl <i i , 1993), although two daily doses 
did (Bolognesi et a i, 1997; Mañas el ti/., 2009a). 
AMPA, the main metabolite of glyphosate, also 
produced micronucleus formation after two 
daily intraperitoneal doses (Mañas cl a i , 2009b). 
Conflicting results for micronucleus induction 
were obtained in mice exposed intraperitoneally 
to a glyphosate-based formulation. A single dose 
of the formulation at up to 200 mg/kg bw did 
not induce micronucleus formation in the bone 
marrowin one study (Rank etal. 1993), while it did 
increase micronucleus formation at 25 mg/kg bw 
in another study (Prasad cl til., 2009). After two 
daily intraperitoneal doses, a glyphosate-based 
formulation did not induce micronucleus forma
tion at up to 200 mg/kg bw according to G ri sol i a 
(2002 , while Bolognesi et al. (1997) showed that 
the formulation did induce micronucleus forma
tion at 450 mg/kg bw. In mice given a single 
oral dose of a glyphosate-based formulation at 
1080 mg/kg bw, no induction of micronuclei was 
observed (Dimitrov el a i, 2006k

(ii) Non-human mammalian cells in vitro
See Table 4.4
Glyphosate did not induce unscheduled DNA 

synthesis in rat primary hepatocytes, or Hprt 
mutation (with or without metabolic activation) 
in Chinese hamster ovary cells (.1 i & Long. 1988).

In bovine lymphocytes, chromosomal aber
rations were induced by glyphosate in one study 
(Lioi et al., 1998). but not by a glyphosate formu
lation in another study (Sivikova & Dianovskÿ. 
2006). Roustan et al. (2014) demonstrated, in the 
CHO-K1 ovary cell line, that glyphosate induced 
micronucleus formation only in the presence 
of metabolic activation, while AMPA induced 
micronucleus formation both with and without 
metabolic activation. Sister-chromatid exchange 
was observed in bovine lymphocytes exposed 
to glyphosate (I mi cl til., 1998) or a glyphosate 
formulation (in the absence but not the presence 
of metabolic activation) (Sivikova & Dianovskÿ, 
2006).

(Hi) Non-mammalian systems in vivo
See fable 1.5 

Fish and other species
In fish, glyphosate produced DNA strand 

breaks in the comet assay in sábalo (Moreno 
et al., 2011). European eel (Guilherme et al.. 
2012b). zebrafish (Lopes et al.. 2014). and Nile 
tilapia (Alvarez-Mova el al.. 2014). AMPA also 
induced DNA strand breaks in the comet assay 
in European eel (Guilherme et aL  20Mb). A 
glyphosate-based formulation produced DNA 
strand breaks in numerous fish species, such 
as European eel (Guilherme cl al., 2010, 2012b, 
2014a: Marques et al.. 2014. 2015). sábalo 
(Cavalcante et al.. 2008; Moreno si 8.L  2014). 
guppy (De Souza Filho et al.. 2013). bloch (Nwani 
et al., 2013), neotropical fish Corydoras paleatus 
(de Castilhos Ghisi & Cestari. 2013). carp 
(Gholami-Sevedkolaei et al., 2013). and goldfish 
(Cava$ & Konen, 2007).

AMPA, the main metabolite of glyphosate, 
induced erythrocytic nuclear abnormalities 
(kidney-shaped and lobed nuclei, binucleate or 
segmented nuclei and micronuclei) in European 
eel (Guilherme et al.. 2014b). Micronucleus 
formation was induced by different glypho
sate-based formulations in various fish (Gri.solid, 
2002; Cava$ 8c Konen. 2007; De Souza Filho ct 
2013; Vera-Candioti et al., 2013).

Glyphosate-based formulations induced 
DNA strand breaks in other species, including 
caiman (Poletta et al.. 2009). frog (Meza-loya 
el n i, 2013), tadpoles (Clements et al., 1997). and 
snail (Mohamed, 2011). but not in oyster (Akclia 
et al„ 2012). clam (dos Santos & Martinez, 2014). 
and mussel glochidia (< onners & Black, 2004). In 
earthworms, one glyphosate-based formulation 
induced DNA strand breaks while two others 
did not (Piola et al., 2013; Muangphra et al..
2014), highlighting the potential importance of 
components other than the active ingredient in 
the formulation.
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Table 4.1 Genetic and related effects of glyphosate in exposed humans

Tissue Cell type 
(if specified)

End-point Test Description o f exposure and controls Response'/
significance

Comments Reference

Blood NR DNA damage DNA strand 
breaks, comet 
assay

24 exposed individuals in northern 
Ecuador; areas sprayed with glyphosate- 
based formulation (sampling 2 weeks to 
2 months after spraying); control group 
was 21 non-exposed individuals

+ P< 0.001 Paz-v-Miño e t a l. 
(2007)

Blood NR Chromosomal
damage

Chromosomal
aberrations

92 individuals in 10 communities, 
northern border of Ecuador; sampling 
2 years after last aerial spraying with 
herbicide mix containing glyphosate); 
control group was 90 healthy individuals 
from several provinces without 
background of smoking or exposure to 
genotoxic substances (hydrocarbons, 
X-rays, or pesticides)

182 karyotypes were 
considered normal 
[Smoking status, NR]

Paz-v-Miño e t  a l. 

(2011)

Blood Lymphocytes Chromosomal
damage

Micronucleus
formation

55 community residents, Nariho, 
Colombia; area with aerial glyphosale- 
based formulation spraying for coca and 
poppy eradication (glyphosate was tank- 
mixed with an adjuvant)

+ [P < 0.001] P values for after 
spraying vs before 
spraying in the same 
individuals

Bolognesi e t a l. 
(2009)

Blood Lymphocytes Chromosomal
damage

Micronucleus
formation

53 community residents, Putumayo, 
Colombia; area with aerial glyphosate- 
based formulation spraying for coca and 
poppy eradication (glyphosate was tank- 
mixed with an adjuvant)

+ [P = 0.01] P values for after 
spraying vs before 
spraying in the same 
individuals

Bolognesi e t n i. 
(2009)

Blood Lymphocytes Chromosomal
damage

Micronucleus
formation

27 community residents, Valle del Cauca, 
Colombia; area where glyphosate-based 
formulation was applied through aerial 
spraying for sugar-cane maturation 
(glyphosate was applied without 
adjuvant)

+ |P <0.001] P values for after 
spraying vs before 
spraying in the same 
individuals

Bolognesi e t a l. 
(2009)

* +, positive; -, negative 
NR, not reported; vs, versus

■'vl
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Table 4.2 Genetic and related effects of glyphosate, AMPA, and glyphosate-based formulations in human cells in vitro

Tissue, cell line End-point Test Results' Dose Comments Reference

Without With
(LED or HID)

metabolic metabolic
activation activation

G ly p h o s a te  

Liver Hep-2 DNA damage DNA strand breaks, + NT 3 mM P < 0.01; dose- Mañas et al. (2009a)
comet assay [507.2 pg/mLj response relationship 

(r > 0.90; P  < 0.05)
Lymphocytes DNA damage DNA strand breaks, + + 3.5 pg/mL With the hOGGl Miadinic e t a l.

standard and modified comet assay, (2009b)
hOGGl modified + S9, the increase was
comet assay significant (P < 0.01) 

only at the highest 
dose tested (580 pg/mL)

Lymphocytes DNA damage DNA strand breaks, + NT 0.0007 mM P S  0.01 Alvare/.-Mova e t  a l.
comet assay (0.12 pg/mL] (2014)

Fibroblast GM 38 DNA damage DNA strand breaks, + NT 4 mM P < 0.001 Monrov e t  a l. (2005)
comet assay [676 pg/mL]

Fibroblast GM 5757 DNA damage DNA strand breaks, (+) NT 75 mM Glyphosate (ineffective Lucken e t a l. (2004)
comet assay [12 680 pg/mL] alone, data NR) 

increased strand
breaks induced by 
H20 2 (40 or 50 pM) 
(P < 0.004 vs HjO, 
alone)

Fibrosarcoma DNA damage DNA strand breaks, + NT 4.75 mM P< 0.001 Monrov e t  a l. (20051
HT1080 comet assay [803 pg/mL]
Buccal carcinoma DNA damage DNA strand breaks, + NT 20 pg/mL Dose-dependent Koller e t a t. (2012)
TR146 SCGE assay increase (P < 0.05)
Lymphocytes Chromosomal Chromosomal - NT 6 mM Mañas e t  a l. (2009a)

damage aberrations [1015 pg/mL]
Lymphocytes Chromosomal Micronucleus - (+) 580 pg/mL P < 0.01 at the highest Miadinic e t a l.

damage formation exposure + S9 
No concentration- 
related increase

(2009a)

O
in micronuclei <
containing the “O
centromere signal (C+) O

w
cur-t
rc>VO
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Table 4.2 (continued) >
30
n

Tissue, cell line End-point Test Results' Dose Comments Reference
S
O o

W ithout With
(LED or HID) 2

O p
metabolic metabolic £7) if)

CD
activation activation ZJO

> GO

Lymphocytes Chromosomal Sister-chromatid + NT 1000 pg/mL P  <  0.05 Bolognesi et ftl.
"O
X

i—'
O )

damage exchange (1997) LD
3

A M P A CL
Liver Hep-2 DNA damage DNA strand breaks, + NT 4.5 mM P  < 0.05 at 4.5 mM; Manas e t al. (2009b) t i Ò

N)comet assay [500 pg/mL] P  < 0.01 at up to
7.5 mM 4^

I—1
Dose-response 
relationship (r >  0.90; 
P  < 0.05)

<
O

Lymphocytes Chromosomal Chromosomal + NT 1.8 mM P  < 0.05 Manas e t  al. (2009b) O
damage aberrations [200 pg/mL] O

O
G ly p h  o s a te -b a s e d  f o r m u l a t i o n s

C
3

Liver HepG2 DNA damage DNA strand breaks, (+) NT 5 ppm Glyphosate, 400 g/L Gasnier e t  a l. (2009) CD
comet assay Dose-dependent 

increase; greatest 
increase at 10 ppm

33r—*-
CD
en
CD

Statistical analysis, NR ■ vi
Buccal carcinoma DNA damage DNA strand breaks, + NT 20 pg/mL Glyphosate acid, Roller e t al. (2012)
TR146 SCGE assay 450g/L T l

Dose-dependent CD
Q_

increase (P  < 0.05) i—*
Lymphocytes Chromosomal Sister-chromatid + NT 250 pg/mL P  < 0.001 Vipfusson S; Vvse o

damage exchange No growth at 25 mg/ (1980) h J
00

mL p
Lymphocytes Chromosomal Sister-chromatid + NT 100 pg/mL Glyphosate, 30.4% Bolognesi et (il- ^1

damage exchange P  < 0.05 (1997) - g

* +, positive; negative; (+) or (-) positivc/negative in  a study with lim ited quality CQ
A M P A , am inom ethyl phosphonic acid; H ID , highest ineffective dose; h O G G l, hum an 8-hydroxyguanosinc DNA-glycosylase; L E D , lowest efiectivc dose; N R , not reported; N T , not CD
tested; S 9 ,9000 x  g supernatant; S C G E , single cell gel electrophoresis; vs, versus CO

1—i
O )
o
GO
CD
00
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Glyphosate

Micronucleus formation was induced by 
a glyphosate-based formulation {glyphosate, 
36%) in earthworms (Muangphra et al., 20141, 
and by a different glyphosate-based formulation 
in caiman (Poletta cl al., 2009, 20H), and frog 
fYadav et al., 2013).

Insects
In standard Drosophila melanogaster, glypho

sate induced mutation in the test for somatic 
mutation and recombination, but not in a cross 
of flies characterized by an increased capacity 
for CYP450-dependent bioactivation (Kay a 
et_ al., 2000). A glyphosate-based formulation 
also caused sex-linked recessive lethal mutations 
in Drosophila (Kale et a l . ,  1995).

Plants
In plants, glyphosate produced DNA damage 

in Tradescantia in the comet assay (Alvarez- 
Moya et a i, 2011). Chromosomal aberration was 
induced after exposure to glyphosate in fenugreek 
(Siddiqui et al., 2012), and in onion in one study 
(Présenta cl al., 2013k but not in another (Rank 
el al., 1993). A glyphosate-based formulation 
also induced chromosomal aberration in barley 
roots (Truta el al., 2011) and onion (Rank et a i, 
1993), but not in Crépis capillaris (hawksbeard) 
(Dimitrov et al., 2000). Micronucleus formation 
was not induced by glyphosate in Vicia faba bean 
(De Marco el al., 1992) or by a glyphosate-based 
formulation in Crépis capillaris (Dimitrov et al., 
2006).

(iv) Non-mammalian systems In vitro
See fable 4.6
Glyphosate induced DNA strand breaks in 

erythrocytes of tilapia fish, as demonstrated by 
comet assay (Alvarez-Moya et a i, 2014).

Glyphosate did not induce mutation in 
Bacillus subtillis, Salmonella typhimurium  
strains TA1535, TA1537, TA1538, TA98, and 
TA100, or in Escherichia coli WP2, with or 
without metabolic activation (I.i_& Long. 1988). 
However, Rank el al. (1993) demonstrated that

a glyphosate-based formulation was mutagenic 
in S. typhimurium  TA98 in the absence of meta
bolic activation, and in S. typhimurium  TA100 in 
the presence of metabolic activation.

4.2.2 Receptor-m ediated m echanism s 

(a) Sex-hormone pathway disruption 

(i) Humans

Studies in exposed humans
No data were available to the Working Group. 

Human cells in vitro
In hormone-dependent T47D breast cancer 

cells, the proliferative effects of glyphosate 
(lO 6 to 1 pM) (see Section 4.2.4) and those of 
17(3-estradiol (the positive control) were m iti
gated by the estrogen receptor antagonist, ICI 
182780; the proliferative effect of glyphosate 
was completely abrogated by the antagonist at a 
concentration of 10 nM Clhongprakaisang et al„ 
2013). Glyphosate also induced activation of the 
estrogen response element (ERE) in T47D breast 
cancer cells that were stably transfected with a 
triplet ERE-promoter-luciferase reporter gene 
construct. Incubation with ICI 182780 at 10 nM 
eliminated the response. When the transfected 
cells were incubated with both 17{3-estradiol 
and glyphosate, the effect of 17(3-estradiol was 
reduced and glyphosate behaved as an estrogen 
antagonist. After 6 hours of incubation, glypho
sate increased levels of estrogen receptors ERa and 
ER(3 in a dose-dependent manner in T47D cells; 
after 24 hours, only ER(3 levels were increased 
and only at the highest dose of glyphosate. [These 
findings suggested that the proliferative effects of 
glyphosate on T47D cells are mediated by ER.]

In human hepatocarcinoma HepG2 cells, 
four glyphosate-based formulations produced 
by the same company had a marked effect on 
the activity and transcription of aromatase, 
while glyphosate alone differed from controls, 
but not significantly so (Gasnier et al., 2009).
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Ul
N J Table 4.3 Genetic and related effects of glyphosate, AMPA, and glyphosate-based formulations in non-human mammals in vivo

>30n
Species, strain Tissue End-point Test Results Dose (LED or Route, duration, Comments Keference So
(sex) HID) dosing regimen o

CD
Glyphosate O

$
cd

Mouse, Swiss Liver DNA damage DNA adducts, + 300 mg/kg bw i.p.; lx; sampled Single dose tested only Bolognesi e t  ili. z n
;> co

GDI 8-OHdG by after 8 and 24 h P  < 0.05 after 24 h (1997) -O i-*
(M) LC/UV X

C/ì
1

cn

Mouse, Swiss Kidney DNA damage DNA adducts, - 300 mg/kg bw i.p.; lx; sampled Single dose tested only Bolognesi e t al. 3
CD! 8-OHdG by after 8 and 24 h (1997) Q_

(M) LC/UV NO ò
N)

Mouse, Swiss Kidney DNA damage DNA adducts, - 270 mg/kg bw i.p.; 1 x; sampled Glyphosate Peluso e t a l. (1998) [X
GDI '2P-DNA post after 24 h isopropylammonium salt
(M, F) labelling <
Mouse, Swiss Liver DNA damage DNA adducts, - 270 mg/kg bw i.p.; 1 x; sampled Glyphosate Peluso et a l. (1998) o
CD1 ■12P-DNA post after 24 h isopropylammonium salt

□
o(M, F) labelling

Mouse, Swiss Liver DNA damage DNA strand + 300 mg/kg bw i.p.; 1 x; sampled Single dose tested only Bolognesi et al. Od
CD1 breaks, alkaline after 4 and 24 h P  < 0.05 after 4 h (1997) 3
(M) elution assay CD
Mouse, Swiss Kidney DNA damage DNA strand + 300 mg/kg bw i.p.; 1 x; sampled Single dose tested only Bolognesi et al. 13r—►
CD1 breaks, alkaline after 4 and 24 h P  < 0.05 after 4 h (1997) O

cn
G ì(M) elution assay

Mouse, CD-I Uterus Mutation Dominant - 2000 mg/kg bw Oral gavage; 1 x Proportion of early EPA (1980) -̂ i
(M) after lethal test resorptions evaluated after

TImating mating of non-treated
females with glyphosate- CD

Q .
treated male mice

Rat, Sprague- Bone Chromosomal Chromosomal - 1000 mg/kg bw i.p.; 1 x; sampled Single dose tested only Li & Long (19$8) o
Dawlcy marrow damage aberrations after 6,12 and 24 h hD
(M, F)

m
Mouse, NMRI- Bone Chromosomal Micronuclcus - 200 mg/kg bw i.p.; 1 x; sampled Glyphosate Rank et a l. (1993)
bom
(M.F)

marrow
(PCE)

damage formation after 24 and 48 h isopropylamine salt
TIfi)

Mouse, Swiss Bone Chromosomal Micronucleus + 300 mg/kg bw i.p.; 2 x 150 mg/ Single dose tested only Bolognesi et al. CQ
CD

CD1 marrow damage formation kg bw with 24 h P  < 0.05 after 24 h (1997) co
(M) (PCE) interval; sampled 

6 or 24 h after the oo

last injection
coco
oo



Table 4.3 (continued)

Species, strain 
(sex)

Tissue End-point Test Results Dose (LED or 
HID)

Route, duration, 
dosing regimen

Comments Reference

Mouse, Balb C 
(M,F)

A M P A

Bone
marrow
(PCE)

Chromosomal
damage

Micronucleus
formation

+ 400 mg/kg bw i.p.; one injection 
per 24 h, 2 x 200, 
sampled 24 h after 
the last injection

P  < 0.01 at the highest dose 
(400 mg/kg bw)

Manas e t a l. 
f2009a)

Mouse, Balb C Bone Chromosomal 
(M, F) marrow damage 

(PCE)

G ly p lio s a te -b a s e d  f o r m u l a t i o n s

Micronucleus
formation

+ 200 mg/kg bw i.p.; one injection 
per 24 h, 2 x 100, 
sampled 24 h after 
the last injection

P  < 0.01 at the lowest dose 
(200 mg/kg bw)

Marias e t  a l. 
(2009b)

Mouse, Swiss
CD1
(M)

Liver DNA damage DNA adducts, 
8-OHdG by 
LC/UV

-300 mg/kg bw i.p.; 1 x, sampled 
after 8 and 24 h

Glyphosate, 30.4% 
Single dose tested only

Bolognesi e t  a l. 

(1V97)

Mouse, Swiss
GDI
(M)

Kidney DNA damage DNA adducts, 
8-OHdG by 
LC/UV

+ -300 mg/kg bw i.p.; 1 x, sampled 
afterS and 24 h

Glyphosate, 30.4% 
Single dose tested only 
P  < 0.05

Bolognesi e t  a l.

i m n

Mouse, Swiss
GDI
(M, F)

Kidney DNA damage DNA adducts, 
«P-DNA post 
labelling

+ 400 mg/kg bw i.p.; 1 x; sampled 
after 24 h

Glyphosate
isopropylammonium salt, 
30.4%

Peluso e t  a l. (1998)

Mouse, Swiss
CD1
(M,F)

Liver DNA damage DNA adducts, 
3!P-DNA post 
labelling

+ 400 mg/kg bw i.p.; 1 x; sampled 
after 24 h

Glyphosate
isopropylammonium salt, 
30.4%

Peluso e t a l. (1998)

Mouse, Swiss
GDI
(M)

Liver DNA damage DNA strand 
breaks, alkaline 
elution assay

+ -300 mg/kg bw i.p.; 1 x; sampled 
after 4 and 24 h

Glyphosate, 30.4% 
Single dose tested only 
P  < 0.05 only after 4 h

Bolognesi e t a l. 
(1997)

Mouse, Swiss
GDI
(M)

Kidney DNA damage DNA strand 
breaks, alkaline 
elution assay

+ -300 mg/kg bw i.p.; 1 x; sampled 
after 4 and 24 h

Glyphosate, 30.4% 
Single dose tested only 
P  < 0.05 only after 4 h

Bolosnesi e t a l. 
(1997)

Mouse, G57BL 
(M)

Bone-
marrow
(PCE)

Chromosomal
damage

Chromosomal
aberrations

1080 mg/kg bw p.o. in distilled 
water; 1 x; 
sampled after 6, 
24, 48, 72, 96 and 
120 h

Single dose tested only Dimitrov e t a l. 
(2006)
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Table 4.3 (continued)

Species, strain 
(sex)

Tissue End-point Test Results Dose (LED or 
HID)

Route, duration, 
dosing regimen

Comments Reference

Mouse, Swiss
albino
(M)

Bone
marrow

Chromosomal
damage

Chromosomal
aberrations

+ 25 mg/kg bw i.p.; 1 x; sampled 
after 24, 48 and 
72 h

Glyphosate
isopropylamine salt, > 41% 
The percentage of aberrant 
cells was increased vs 
control in a dose- and 
time-dependent manner 
(P < 0.05)

Prasad e t a l. (20091

Mouse, NMRI-
bom
(M, F)

Bone
marrow
(PCE)

Chromosomal
damage

Micronucleus
formation

200 mg/kg bw i.p.; 1 x; sampled 
after 24 h

Glyphosate
isopropylammonium salt, 
480 g/L
The percentage of PCE 
decreased

Rank e l a t. (19931

Mouse, Swiss 
(M, F)

Bone
marrow
(PCE)

Chromosomal
damage

Micronucleus
formation

200 mg/kg bw i.p.; 2 x within 
24 h interval and 
sampled 24 h after 
the last injection

Glyphosate
isopropylammonium salt, 
480 g/L

Grisolia (20021

Mouse, Swiss
albino
(M)

Bone
marrow
(PCE)

Chromosomal
damage

Micronucleus
formation

+ 25 mg/kg bw i.p.; 1 x ; sampled 
after 24,48 and 
72 h

Glyphosate
isopropylamine salt, > 41% 
Significant induction of 
micronuclei vs control at 
both doses and all times 
(P < 0.05)

Prasad e t a l. (20091

Mouse, Swiss
CD1
(M)

Bone
marrow
(PCE)

Chromosomal
damage

Micronucleus
formation

+ 450 mg/kg bw i.p.; 2 x 225 mg/kg 
with 24 h interval; 
sampled 6 or 24 
h after the last 
injection

Glyphosate, 30.4%
Single dose tested only 
P < 0.05 after 6 h and 24 h

Bolotmesi e t  a l. 
(1997)

Mouse, C57BL 
(M)

Bone
marrow

Chromosomal
damage

Micronucleus
formation

- 1080 mg/kg bw p.o. in distilled 
water; 1 x ;

Single dose tested only Dimitrov e t a l. 
(20061

sampled after 24, 
48, 72,96 and 
120 h
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* +, positive; -, negative; (+) or (-) positivc/negative in  a study w ith lim ited q uality
hw, hody weight; F , female; h, hour; H ID , highest ctrectivc dose; i.p., intraperitoneal; L C , liq u id  chrom atography; L E D , lowest effective dose; M, male; P C E , polychrom atic erythrocytes; 
p.o., oral; 8 -O IId G , 8-hydroxydeoxyguanosine; U V , ultraviolet



Table 4.4 Genetic and related effects of glyphosate, 
cells in vitro

AMPA, and glyphosate-based formulations in non-human mammalian

Species Tissue, cell 
line

End-point Test Results4 Dose Comments Reference

W ithout
metabolic
activation

With
metabolic
activation

(LEC or HIC)

G ly p h o s a te

Rat, Fisher F334 Hepalocytes DNA damage Unscheduled
DNA
synthesis

NT 125 pg/mL Li &  L o n g  11988)

Hamster,
Chinese

CHO-K,BH, 
ovary, cell line

Mutation H p r t  mutation - - 22 500 pg/mL Li &  L o n g  (19 8 8 )

Bovine Lymphocytes Chromosomal
damage

Chromosomal
aberrations

+ NT 17 pM (3 pg/mL) P  < 0.05 l .io i et al. (1 9 9 8 )

Hamster,
Chinese

CHO-K1 
ovary cell line

Chromosomal
damage

Micronucleus
formation

+ 10 pg/mL P  i  0.001, in the dark +S9 
Negative -S9 in the dark or 
with light irradiation

R o u s ta n  et al. 
(2014)

Bovine Lymphocytes Chromosomal
damage

Sister-
chromatid
exchange

+ NT 17 pM [3 pg/mL] P  < 0.05 L in i et al. (1 9 9 8 )

A M P A

Hamster, CHO-K1 
Chinese ovary cell line

G ly p h o s a te -b a s e d  f o r m u l a t i o n s

Chromosomal
damage

Micronuclcus
formation

+ + 0.01 pg/mL P  < 0.05, in the dark -S9 
Highest increase was 
observed at very low dose 
(0.0005 pg/mL) -S9 but 
with light-irradiation 
(P < 0.01)

R o u s ta n  et al. 
(2014)

Bovine Lymphocytes Chromosomal
damage

Chromosomal
aberrations

NT 1120 pM 
[190 pg/mL]

Glyphosate, 62% S iv ik o v à  & 
D ia n o v s k v  
(2 0 0 6 )

Bovine Lymphocytes Chromosomal
damage

Sister-
chromatid
exchange

+ 56 pM 
(9.5 pg/mL]

Glyphosate, 62%
Time of exposure, 24 h 
P < 0.01, -S9, at £ 56 pM

S iv ik o v à  & 
D ia n o v s k v  
(2 0 0 6 )

4 +, positive; - ,  negative; (+), weakly positive
AM PA, aminomethy) phosphonic at id; H IC , highest ineffective concentration; Hprt, hypoxanthine guanine phosphoribosyl transferase gene; L E C , lowest circctive concentration; N T , 
not tested
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in vivo g
Table 4.5 Genetic and related effects of glyphosate, AMPA, and glyphosate-based formulations in non-mammalian systems *”

O
Phylogenetic Species, strain , tissue End-point Test Results* Dose Comments Reference Z

o
O
Q)

class (LED or HID) CD w
CD

Glyphosate 30
> 00

Fish Prochilodus lineatus DNA damage DNA strand + 0.48 mg/L Time of exposure 6 , 24, and M o r e n o  e t a l. (2014) “O
T )-*

O
(sábalo), erythrocytes breaks, comet 96 h m

and gill cells assay For erythrocytes, P =  0.01 i 3
after 6 h, and P =  0.014 after _4 I

96 h; no significant increase N) O
K )

after 24 h -s i

For gill cells, P =  0.02 only 1—1
after 6 h at 2.4 mg/L <

Fish Anguilla anguilla L. DNA damage DNA strand + 0.0179 mg/L Time of exposure 1 and G u i lh e r m e  e t  a i O

(European eel), blood breaks, comet 3 days (2 0 1 2 h )

cells assay P <  0.05 O
Fish Danio revio DNA damage DNA strand + 10 mg/L After 96 h, DNA l .o n e s  e t a l. (2014) O

c
(zebrafish), sperm breaks, integrity was 78.3 ± 3.5%, 3

acridine significantly reduced from CD

orange control (94.7 ± 0.9%) and r—E
method 5 mg/L (92.6+ 1.9%), G )

e n
(P < 0.05) O

Fish Oreochromis DNA damage DNA strand + 7 pM Time of exposure, 10 days A lv a r e z - M o v a  e t a l. -M
niloticus (Nile breaks, comet [1.2 mg/L] P < 0.001 with (2014)
tilapia) branchial assay concentrations i  7 pM Tl
erythrocytes CDQ.

Oyster Oyster spermatozoa DNA damage DNA strand - 0.005 mg/L Time of exposure, 1 h A k c h a  e t a l. (2 0 1 2 ) H*
breaks, comet O
assay 60

00
Insect Drosophila standard Mutation SMART + 1 niM Purity, 96% K a v a  et a l. (2 0 0 0 ) p

cross [0.169 mg/L] Increased frequency of 1̂
small single spots (> 1 inM) "Ö
and total spots (> 2 mM) CD
P = 0.05 COCD

Insect Drosophila Mutation SMART - 10 mM Purity, 96% K av a  e t a l. (2 0 0 0 ) 00
melanogaster, high [1.69 mg/L] MhO
bioactivation cross O

0 0to
0 0



Table 4.5 (continued)

Phylogenetic
class

Species, strain, tissue End-point Test Results' Dose
(LED or HID)

Comments Reference

Plant systems Tradescantia clone 
4430 (spiderworts), 
stamina) hair nuclei

DNA damage DNA strand 
breaks, comet 
assay

+ 0.0007 mM 
[0.12 pg/mL]

Glyphosate isopropylamine 
salt
P< 0.01 for directly 
exposed nuclei (dose- 
dependent increase) and 
plants

Alvarez-Mova e t  a l. 

(2011)

Plant systems Allium cepa (onion) Chromosomal
damage

Chromosomal
aberrations

+ 3% Single dose tested only 
Partial but significant 
reversal with distilled water

Frescura e t  a l. (2013)

Plant systems Allium cepa (onion) Chromosomal
damage

Chromosomal
aberrations

- 2.88 pg/mL Glyphosate isopropylamine Rank e t a l. (1993)

Plant systems Trigonella foenum- 
graecum L. 
(fenugreek)

Chromosomal
damage

Chromosomal
aberrations

+ 0 .2% P < 0.001; positive dose- 
response relationship

Siddioui e t a l. (7012)

Plant systems 

AMPA

Vicia faba (bean) Chromosomal
damage

Micronucleus
formation

1400 ppm 
(1400 pg/g of 
soil)

Tested with two types of 
soil, but not without soil

De Marco e t a l. 
(1992)

Fish Anguilla anguilla L. 
(European eel)

DNA damage DNA strand 
breaks, comet 
assay

+ 0.0118 mg/L Time of exposure, 1 and 
3 days
P < 0.05 after 1 day of 
exposure

Guilherme e t a l  
(2014b)

Fish Anguilla anguilla L.
(European eel)

Glyphosate-based formulations

Chromosomal
damage

Other (ENA) + 0,0236 mg/L P < 0.05 only at highest 
dose after 3 day exposure 
(not after 1 day)

Guilherme e t a l. 
(2014h)

Fish Anguilla anguilla L. 
(European eel), blood 
cells

DNA damage DNA strand 
breaks, comet 
assay

+ 0.058 mg/L P < 0.05
Positive dose-response 
relationship

Guilherme e t  al. 
(2010)

Fish Anguilla anguilla L. 
(European eel), blood 
cells

DNA damage DNA strand 
breaks, 
comet assay 
improved with 
the DNA- 
lesion-specific 
FPG and Endo

+ 0.058 mg/L Glyphosate-based 
formulation, 30.8%
Time of exposure, 1 and 
3 days
With FPG, P < 0.05; with 
comet assay alone, P < 0.05 
at 116 pg/L

Guilherme e t  a l. 
(2012h)
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00 Table 4.5 (continued)

Phylogenetic
class

Species, strain , tissue End-point Test Results' Dose
(LED or HID)

Fish Anguilla anguilla L. 
(European eel), blood 
cells

DNA damage DNA strand 
breaks, 
comet assay 
improved with 
the DNA- 
lesion-specific 
FPG and Endo 
III

+ 0.116 mg/L

Fish Anguilla anguilla L. 
(European eel), liver

DNA damage DNA strand 
breaks, 
comet assay 
improved with 
the DNA- 
lcsion-specific 
FPG and Endo 
III

+ 0.058 mg/L

Fish Prochilodus lineatus 
(sábalo), erythrocytes 
and bronchial cells

DNA damage DNA strand 
breaks, comet 
assay

+ 10 mg/L

Fish Prochilodus lineatus 
(sábalo), erythrocytes 
and gill cells

DNA damage DNA strand 
breaks, comet 
assay

+ 1 mg/L

Fish Poecilia reticulata 
(guppy) gill 
erythrocytes

DNA damage DNA strand 
breaks, comet 
assay

+ 2.83 pL/L 
[1.833 mg/L]

Fish Channa punctatus 
(bloch), blood and gill 
cells

DNA damage DNA strand 
breaks, comet 
assay

+ 3.25 mg/L

Comments Reference

Single dose tested only 
Time of exposure, 3 days; 
recovery from non-specific 
DNA damage, but not 
oxidative DNA damage, 14 
days after exposure 
P < 0.05

Guilherme e t a l. 
(2014a)

Glyphosate-based 
formulation, 485 g/L 
Time of exposure, 3 days 
P < 0.05

Marques e t a l. (2014,
2015)

Single dose tested only, for Cavalcante e t  a l.

6 , 24, and 96 h (2008)
P < 0.05 for both 
erythrocytes and bronchial 
cells
Glyphosate-based Moreno e t  a l. (2014)
formulation, 480 g/L 
Time of exposure, 6 , 24 and 
96 h
P < 0.001 after 24 and 96 h 
in erythrocytes and 24 h in 
gill cells
Glyphosate, 64.8%, m/v 
(648 g/L)

De Souza Filho e t a l.
(2013)

P < 0.05
Exposure continued for 35 Nwani e t  a l . (2013)
days; blood and gill cells 
collected on day 1, 7,14, 21, 
28 and 35
P < 0.01, for blood and 
gill cells; DNA damage 
increased with time and 
concentration
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Table 4.5 (continued)

Phylogenetic
class

Species, strain, tissue End-point Test Results'

Fish Corydoras paleatus 
(blue leopard 
corydoras, mottled 
corydoras and 
peppered catfish), 
blood and hepatic 
cells

DNA damage DNA strand 
breaks, comet 
assay

+

Fish Cyprinus carpió 
Linnaeus (carp), 
erythrocytes

DNA damage DNA strand 
breaks, comet 
assay

+

Fish Carassius auratus
(goldfish),
erythrocytes

DNA damage DNA strand 
breaks, comet 
assay

+

Fish Prochilodus linéalas 
(sábalo) erythrocytes

Chromosomal
damage

Micronucleus
formation

-

Fish Corydoras paleatus 
(blue leopard 
corydoras, mottled 
corydoras and 
peppered catfish), 
blood and hepatic 
cells

Chromosomal
damage

Micronucleus
formation

-

LnvD

Dose
(LED or HID)

Comments Reference

0.0067 mg/L Glyphosate, 48% 
(corresponding to 
3.20 ng/L)
Single dose tested only, for 
3, 6 , and 9 days 
P < 0 .01 , in blood and in 
liver cells

de Castilhos Ghisi &  
Cestari (2013)

2 mg/L (10% Glyphosate, equivalent to Gholami-Sevedkolaei
LCm, 96 h) 360 g/L

Single dose tested only, for 
16 days 
P < 0.01

c t a l. (2013)

5 ppm Glyphosate equivalent to 
360 g/L
Time of exposure, 2, 4 and 
6 days
After 48 h: P < 0.05 
(5 mg/L) and P < 0.001 (10 
and 15 mg/L)

Cavas & Konen 
(2007)

10 mg/L Single dose tested only, for 
6 , 24, and 96 h 
Nuclear abnormalities 
(lobed nuclei, segmented 
nuclei and kidney-shaped 
nuclei)

Cavalcante e t  a l. 
(2008)

0.0067 mg/L Glyphosate, 48% 
(corresponding to 
3.20 Mg/L)
Single dose tested only, for 
3, 6  and 9 days

de Castilhos Ghisi & 
Cestari (2013)
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O Table 4.5 (continued)

Phylogenetic
class

Species, strain , tissue End-point Test Results*

Fish Tilapia rendalli 
(redbreast tilapia) 
blood erythrocytes

Chromosomal
damage

Micronucleus
formation

+

Fish Carassius auratus
(goldfish),
erythrocytes

Chromosomal
damage

Micronucleus
formation

+

Fish Poecilia reticulata
(guppy) g'11
erythrocytes

Chromosomal
damage

Micronucleus
formation,
ENA

+

Fish Cnesterodon 
decemmaculatus 
(Jenyns, 1842) 
peripheral blood 
erythrocytes

Chromosomal
damage

Micronucleus
formation

+

Fish Cnesterodon 
decemmaculatus 
(Jenyns, 1842) 
peripheral blood 
erythrocytes

Chromosomal
damage

Micronucleus
formation

+

Dose
(LED or HID)

Comments Reference

42 mg/kg bw Glyphosate, 480 g/L 
Increased frequency of 
micronuclcus formation 
vs control (P < 0.05) in 
blood samples collected 4 
days after a single intra
abdominal injection of 42, 
85, or 170 mg/kg bw

Grisolia (2002)

5 ppm Glyphosate equivalent to 
360 g/L
Time of exposure, 2, 4 and 
6 days
Statistically significant 
differences: 96 h (P < 0.05); 
144 h (P <  0.01)

Cavas & Könen 
(2007)

1.41 pL/L Glyphosate, 64.8%, m/v De Souza Filho e t a l.

[0.914 mg/L] (648 g/L)
Micronucleus formation, 
P < 0.01 
Other nuclear 
abnormalities, P < 0.05 
at 1.41 to 5.65 pL/L; 
concentration-dependent 
(r2 = 0.99)

(2013)

3.9 mg/L Glyphosate, 48%
Time of exposure, 48 and 
96 h
P < 0.05, with 3.9 and 
7.8 mg/L for 48 and 96 h

Vera-Candioti e t a l. 
(2013)

22.9 mg/L Glyphosate, 48%
Time of exposure, 48 and 
96 h
P < 0.01, with 22.9 and 
45.9 mg/L, and P < 0.05 at 
68 .8  mg/L, for 96 h

Vera-Candioti e t  a l. 
(2013)
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Table 4.5 (continued)

Phylogenetic
class

Species, strain, tissue End-point Test Results-

Fish P r o c h ilo d u s  l in e a tu s  
(sábalo) erythrocytes

Chromosomal
damage

Chromosomal
aberrations

Fish A n g u i l la  a n g u il la  
L. (European eel), 
peripheral mature 
erythrocytes

Chromosomal
damage

Other (ENA) +

Caiman C a im a n  la t ir o s tr is  
(broad-snouted 
caiman), erythrocytes

DNA damage DNA strand 
breaks, comet 
assay

+

Caiman C a im a n  la t ir o s tr is  
(broad-snouted 
caiman), erythrocytes

DNA damage DNA strand 
breaks, comet 
assay

-

Caiman C a im a n  la t ir o s tr is  
(broad-snouted 
caiman), erythrocytes

Chromosomal
damage

Micronucleus
fomation

Dose
(LED or HID)

Comments Reference

10 mg/L

0.058 mg/L

0.500 mg/egg

19 800 mg/L

0.500 mg/egg

Single dose tested only, for 
6 , 24, and 96 h 
Nuclear abnormalities 
(lobed nuclei, segmented 
nuclei and kidney-shaped 
nuclei)
Time of exposure, 1 and 
3 days
Chromosomal breakage 
and/or chromosomal 
scgrcgational abnormalities 
after 3 days of exposure,
P  < 0.05
Glyphosatc, 66.2%
In-ovo exposure; blood 
sampling at the time of 
hatching 
P  < 0.05 in both 
experiments (50-1000 pg/ 
egg in experiment 1; 500- 
1750 pg/egg in experiment 2) 
Glyphosatc, 6 6 .2%
Single dose tested only; in- 
ovo exposure 
First spraying exposure 
at the beginning of 
incubation period, a second 
exposure on day 35, then 
incubation until hatching 
Glyphosatc, 66.2%
In-ovo exposure; blood 
sampling at the time of 
hatching 
P  < 0.05 in both 
experiments (50-1000 pg/ 
egg in experiment 1; 500- 
1750 pg/egg in experiment 2)

Cavalcantc e t al. 
(2008)

Guilherme e t al. 
(2010)

Poletta e t til. (20091

Polctta f t  til. (2011)

Poletta e t  a l. (20091
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CT>
Table 4.5 (continued)

>XIn

Phylogenetic
class

Species, strain , tissue End-point Test Results' Dose
(LED or HID)

Comments Reference

Caiman Caiman latirostris 
(broad-snouted 
caiman), erythrocytes

Chromosomal
damage

Micronuclcus
fomation

+ 19.8 g/L Glyphosate, 66.2%
One dose tested; in-ovo 
exposure
First spraying exposure 
at the beginning of 
incubation period, a second 
exposure on day 35, then 
incubation until hatching. 
Micronucleus formation, 
P< 0.001
Damage index, P < 0.001

Polettaef a l. (2011)

Frog tadpole Rana catesbeiana 
(ouaouaron), blood

DNA damage DNA strand 
breaks, comet 
assay

+ 1.687 mg/L, p.o. Time of exposure, 24 h 
P < 0.05, with 6.75 mg/L; 
and P < 0.001  with 27 mg/L 
(with 108 mg/L, all died 
within 24 h)

Clements e l a l. 
(19971

Frog Eleutherodactylus 
johnstonei (Antilles 
coqui), erythrocytes

DNA damage DNA strand 
breaks, comet 
assay

+ 0.5 pg a.e./cm2 Glyphosate-based 
formulation, 480 g/L 
Exposure to an homogenate 
mist in a 300 cm2 glass 
terrarium
Time of exposure: 0.5, 1, 2, 
4, 8 and 24 h 
P < 0.05

Meza-Iova e t a l. 
(2013)

Frog Euflictis cyanophlyctis 
(Indian skittering 
frog), erythrocytes

Chromosomal
damage

Micronucleus
formation

+ 1 mg a.e./L Glyphosate isopropylamine 
salt, 41%
Time of exposure: 24, 48, 
72, and 96 h
P < 0.001 at 24, 48, 72 and 
96 h

Yadav e l a l. (2013)

Snail Biomphalaria
alexandrina,
haemolymph

DNA damage DNA strand 
breaks, comet 
assay

+ 10 mg/L Glyphosate, 48%
Single dose tested only, 
for 24 h. The percentage of 
damaged DNA was 21% vs 
4% (control)
No statistical analysis

Mohamed (2011)

Oyster Oysters, spermatozoa DNA damage DNA strand 
breaks, comet 
assay

5pg/L Glyphosate, 200 pg
equivalent/L
Time of exposure, 1 h

Akcha e l a l. (2012)
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Table 4.5 (continued)

Phylogenetic
class

Species, strain, tissue End-point Test Results1 Dose
(LED or HID)

Comments Reference

Clam Corbicula fluminea 
(Asian clam) 
haemocytcs

DNA damage DNA strand 
breaks, comet 
assay

10 mg/L Time of exposure, 96 h 
Significant increase when 
atrazine (2 or 10 mg/L) 
was added to glyphosate 
(P < 0.05)
No increase after exposure 
to atrazine or glyphosate 
separately

dos Santos &  
Martinez (2014)

Mussels Utterbackia imbecillis 
(Bivalvia: Unionidae) 
glochidia mussels 
(larvae)

DNA damage DNA strand 
breaks, comet 
assay

5 mg/L Glyphosate, 18% 
Doses tested: 2.5 and 
5 mg/L for 24 h 
NOEC, 10.04 mg/L

Conners 8; Black 
(2004)

Worm Earthworm, Eisenia 
andrei, coelomocytes

DNA damage DNA strand 
breaks, comet 
assay

240 pg a.e./cm2 Monoammonium salt, 
85.4%, a.e.
Epidermic exposure during 
72 h (on filter paper)

Piola e t a l. (2013)

Worm Earthworm, Eisenia 
andrei, coelomocytes

DNA damage DNA strand 
breaks, comet 
assay

+ 15 pg a.e./cm2 Monoammonium salt,
72%, a.e.
Epidermic exposure during 
72 h (on filter paper)
P < 0.001

Piola e t a l. (2013)

Worm Earthworm, 
Pheretima peguana, 
coelomocytes

DNA damage DNA strand 
breaks, comet 
assay

251.50 pg/cm2 Active ingredient, 36% 
(w/v)
Epidermic exposure 48 h on 
filter paper; LCS0, 251.50 pg/

Muangphra e t a l. 
(2014)'

Worm Earthworm, 
Pheretima peguana, 
coelomocytes

Chromosomal
damage

Micronucleus
formation

+ 251.50 pg/cm2 Active ingredient, 36% 
(w/v)
Exposure, 48 h on filter 
paper; LCS0, 251.50 pg/cm2 
filter paper 
P < 0.05, for total 
micro-, bi-, and trinuclei 
frequencies at 0.25 pg/cm2; 
when analysed separately, 
micro- and trinuclei 
frequencies significantly 
differed from controls only 
at the LC50

Muanoohra e t a l. 
(2014)
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ON-P* Table 4.5 (continued)
>
n
2oPhylogenetic

class
Species, strain, tissue End-point Test Results1 Dose

(LED or HID)
Comments Reference

Insect Drosophila Mutation Sex-linked + 1 ppm Single dose tested only Kale e l a l. (19951 o
melanogaster recessive P <  0.001 X

lethal 'u
mutations =n

Plant systems Allium cepa (onion) Chromosomal Chromosomal + 1.44 pg/mL Glyphosate-based Rank e t  a l. (19S>3) i
damage aberrations formulation, 480 g/L

The doses of formulation NJ
were calculated as
glyphosate isopropylamine
P <  0.005

Plant systems Crepis capillaris Chromosomal Chromosomal - 0.5% The highest dose tested Dimitrov e t  a l.

(hawksbeard) damage aberrations (1%) was toxic (20061
Plant systems Hordeum vulgare L. Chromosomal Chromosomal (+) 360 pg/mL Reported as “significant” Trota e t a l. (20111

cv. Madalin (barley damage aberrations (0 .1%)
roots)

Plant systems Crepis capillaris Chromosomal Micronucleus - 0.5% The highest dose tested Dimitrov e t a l.
(hawksbeard) damage formation (1%) was toxic (2006)

1 +, positive; -, negative; (+) or (-) positive/negative in a study with limited quality
a.e., acid equivalent; AMPA, aminomethyl phosphonic acid; bw, body weight; ENA, erythrocytic nuclea r abnormalities; Endo III, endonuclease III; FPG, formamidopyrimidinc
glycosylasc; h, hour; HID, highest inelFcctive dose; LC.„, median lethal dose; LED, lowest effective dose; NOEC, no-observed effect concentration; p.o., oral; SMART, somatic mutation
and recombination test

o
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Table 4.6 Genetic and related effects of glyphosate and glyphosate-based formulations on non-mammalian systems in vitro

Phylogenetic
class

Test system 
(species; strain)

End-point Test Results' Concentration Comments Reference

Without With
(LEC or HIC)

metabolic metabolic
activation activation

Glyphosate
Eukaryote Oreochromis DNA damage DNA strand + NT 7 pM [1.2 pg/mL] Glyphosate A Ivarez-Mova
Fish niloticus breaks, comet isopropylamine, 96% e t  a l. (2014)

(Nile tilapia), assay P < 0.001; positive dose-
erythrocytes response relationship for 

doses > 7 pM
Prokaryote Scytonema DNA damage DNA strand (+) NT 10 pM Co-exposure to Wang e t a l.
(bacteria) javanicum breaks, FA DU [1.7 pg/ml.) (in glyphosate (not tested (2012)

(cyanobacteria) assay combination with alone; single dose tested
UVB) only) enhanced UVB- 

induced increases
Prokaryote Anabaena DNA damage DNA strand (+) NT 10 pM Co-exposure to Chen e t a l. (2012)
(bacteria) spherica breaks, FA DU [1.7 pg/mL] (in glyphosate (not tested

(cyanobacteria) assay combination with alone; single dose tested
UVB) only) enhanced UVB- 

induccd increases
Prokaryote Microcystis DNA damage DNA strand (+) NT 10 pM Co-exposure to Chen e t  a l. (2012)
(bacteria) viridis breaks, FADU [1.7 pg/mL] (in glyphosate (not tested

(cyanobacteria) assay combination with alone; single dose tested
UVB) only) enhanced UVB- 

induccd increases
Prokaryote Bacillus B. Differential Rec assay - NT 2 0 0 0  pg/disk l.iSf I.one(1988)
(bacteria) subtilis toxicity
Prokaryote Salmonella Mutation Reverse - - 5000 pg/platc I.i & Long (1988)
(bacteria) typhimurium  

TA 1535, TA1537, 
TA1538, TA98 
and TA 100

mutation

Prokaryote Escherichia coli Mutation Reverse - - 5000 pg/plate I.i8r l.one (1988)
(bacteria) WP2 mutation

U1
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o \O' Table 4.6 (continued) >
DO
n
2
O
X
o
o
DO
>

o
0)CO
CD
CO

Phylogenetic
class

Test system 
(species; strain

End-point Test Results* Concentration Comments Reference

W ithout
metabolic
activation

ILfcC or H 1L
With
metabolic
activation

Acellular Prophage DNA damage DNA strand <-) NT 75 mM Glyphosate inhibited l.ueken et al. ■O
X i—*

G)
systems superhelical PM2 breaks [12.7 mg/mL] (in H ,0,-induced damage (2004) on

=3
DNA combination with of PM2 DNA at 1

Q_
H20 2(100 pM) concentrations where Ò

synergism was observed l\)
in cellular DNA damage -Pi
(data NR)

Glyphosate-based formulations o
Prokaryote Salmonella Mutation Reverse + - 360 pg/plate Glyphosate Rank e t  al. (1993)
(bacteria) typhimurium mutation isopropylammonium D

TA98 salt, 480 g/L o
o

Prokaryote Salmonella Mutation Reverse - + 720 pg/plate Glyphosate Rank et al. (1993) c
13

(bacteria) typhimirium mutation isopropylam monium ID
CD

TA 100 salt, 480 g/L D3

1 +, positive; negative; (+) or (-) positive/negative in a study with limited quality O
cn

FA D U , (luoro metric analysis of D N A  unw inding; H IC ,  highest ineffective conccnlration; L E C ,  lowest effective concentration; N R , not reported; N T , not tested; U V B , ultraviolet B <y>i~vl
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Additionally, although all four glyphosate-based 
formulations dramatically reduced the transcrip
tion of ERa and ER(3 in ERE-transfected HepG2 
cells, glyphosate alone had no significant effect. 
Glyphosate and all four formulations reduced 
androgen-receptor transcription in the breast 
cancer cell line MDA-MB453-kb2, which has a 
high level of androgen receptor, with the formu
lations showing greater activity than glyphosate 
alone.

In a human placental cell line derived from 
choriocarcinoma (JEG3 cells), 18 hours of 
exposure to a glyphosate-based formulation 
(IC50 = 0.04%) decreased aromatase activity 
(Richard et al., 2005). Glyphosate alone was 
without effect. The concentrations used did not 
affect cell viability.

Glyphosate, at non-overtly toxic concen
trations, decreased aromatase activity in fresh 
human placental microsomes and transformed 
human embryonic kidney cells (293) transfected 
with human aromatase cDNA (Benachour 
cl nl., 2007). A glyphosate-based formulation, at 
non-overtly toxic concentrations, had the same 
effect. The formulation was more active at equiv
alent doses than glyphosate alone.

In human androgen receptor and ERa and 
ER(3 reporter gene assays using the Chinese 
hamster ovary cell line (CHO-Kl), glypho
sate had neither agonist nor antagonist activity 
(Kujima et al., 2004. 2010).

(II) Non-human mammalian experimental 
systems

In vivo
No data were available to the Working Group. 

In vitro
Benachour el al. (2007) and Richard et al. 

(2005) reported that glyphosate and a glypho
sate-based formulation inhibited aromatase 
activity in microsomes derived from equine 
testis. Richard cl al. (2003) reported an absorb
ance spectrum consistent with an interaction

between a nitrogen atom of glyphosate and 
the active site of the purified equine aromatase 
enzyme.

In the mouse MA-10 Leydig cell tum our cell 
line, a glyphosate-based formulation (glypho
sate, 180 mg/L) markedly reduced [(Bu)J 
cAMP-stimulated progesterone production 
(Walsh et al., 2000). The inhibition was dose-de- 
pendent, and occurred in the absence of toxicity 
or parallel reductions in total protein synthesis. 
In companion studies, the formulation also 
disrupted steroidogenic acute regulatory protein 
expression, which is critical for steroid hormone 
synthesis. Glyphosate alone did not affect steroi
dogenesis at any dose tested up to 100 pg/L. 
Forgacs el al. (2012) found that glyphosate (300 pM) 
had no effect on testosterone production in a novel 
murine Leydig cell line (BLTK1). Glyphosate did 
not modulate the effect of recombinant human 
chorionic gonadotropin, which served as the 
positive control for testosterone production.

(iii) Non-mammalian experimental systems
Gonadal tissue levels of testosterone, 17(3-estra- 

diol and total microsomal protein were signifi
cantly reduced in adult snails (Biomphalaria 
alexandrina) exposed for 3 weeks to a glypho
sate-based formulation (glyphosate, 48%) at 
the LCin (10% lethal concentration) (Omran 
& Salama, 2013). These effects persisted after a 
2-week recovery period, although the impact 
on 17(3-estradiol was reduced in the recovery 
animals. The formulation also induced marked 
degenerative changes in the ovotestis, including 
absence of almost all the gametogenesis stages. 
CYP450 1B1, measured by enzyme-linked 
immunosorbent assay (ELISA), was substantially 
increased in the treated snails, including after the 
recovery period.

Glyphosate (0.11 mg/L for 7 days) did not 
increase plasma vittelogenin levels in juvenile 
rainbow trout (Xie et id., 2005).
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(b) Other pathways
(i) Humans

Studies in exposed humans
No data were available to the Working Group.

Human cells in vitro
Glyphosate did not exhibit agonist activity in 

an assay for a human pregnane X receptor (PXR) 
reporter gene in a CHO-K1 cell line (kojima
el al.. 20101.

(ii) Non-human mammalian experimental 
systems

In vivo
In rats, glyphosate (300 mg/kg bw, 5 days per 

week, for 2 weeks) had no effect on the formation 
of peroxisomes, or the activity of hepatic carni
tine acetyltransferase and catalase, and did not 
cause hypolipidaemia, suggesting that glyphosate 
does not have peroxisome proliferator-activated 
receptor activity (Vainio cj i i i , 1983).

In vitro
Glyphosate was not an agonist for mouse 

peroxisome proliferator-activated receptors 
PPARa or PPARy in reporter gene assays using 
CV-1 monkey kidney cells in vitro (Koiima el al.,
2010). Glyphosate was also not an agonist for the 
aryl hydrocarbon receptor in mouse hepatoma 
Hepalclc7 cells stably transfected with a reporter 
plasmid containing copies of dioxin-responsive 
element ( I’akeuchi cl al., 2008).

(iii) Non-mammalian experimental systems
As a follow-up to experiments in which 

injection of glyphosate, or incubation with a 
glyphosate-based formulation (glyphosate, 
48%), caused chick and frog (Xenopus laevis) 
cephalic and neural crest terata characteristic of 
retinoic acid signalling dysfunction, Paganelli 
el al., (20101 measured retinoic acid activity in 
tadpoles exposed to a glyphosate-based formu
lation. Retinoic activity measured by a reporter

gene assay was increased by the formulation, and 
a retinoic acid antagonist blocked the effect. This 
indicated a possible significant modulation of 
retinoic acid activity by glyphosate.

4.2.3 Oxidative stress, inflammation, and 
immunosuppression

(a) Oxidative stress 
(i) Humans

Studies in exposed humans
No data were available to the Working Group. 

Human cells in vitro
Several studies examined the effects of 

glyphosate on oxidative stress parameters in the 
human keratinocyte cell line HaCaT. C iehin cl cl. 
(2005) found that a glyphosate-based formu
lation was cytotoxic to HaCaT cells, but that 
addition of antioxidants reduced cytotoxicity. 
Elie-Caille cl al. (2010) showed that incubation 
of HaCaT cells with glyphosate at 21 mM (the 
half maximal inhibitory concentration for cyto
toxicity, ICS0) for 18 hours increased production 
of hydrogen peroxide (H ,0 2) as shown by dichlo- 
rodihydrofluorescein diacetate assay. Similarly, 
George & Shukla (2013) exposed HaCaT cells 
to a glyphosate-based formulation (glyphosate, 
41%; concentration, up to 0.1 mM) and evalu
ated oxidative stress using the dichlorodihydro- 
fluorescein diacetate assay. The formulation 
(0.1 mM) increased maximum oxidant levels 
by approximately 90% compared with vehicle, 
an effect similar to that of H ,0 2 (100 mM). 
Pre-treatment of the cells with the antioxi
dant N-acetylcysteine abrogated generation of 
oxidants by both the formulation and by H20 2. 
N-Acetylcysteine also inhibited cell proliferation 
induced by the glyphosate-based formulation 
(0.1 mM). [The Working Group noted the recog
nized limitations of using dichlorodihydrofluo- 
rescein diacetate as a marker of oxidative stress 
(Bonini cl al., 2006; Kalvanaraman el al.. 2012).
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and that the studies that reported this end-point 
as the sole evidence for oxidative stress should 
thus be interpreted with caution.]

Chau fan et al. (2011) evaluated the effects 
of glyphosate, AMPA (the main metabolite of 
glyphosate), and a glyphosate-based formulation 
on oxidative stress in HepG2 cells. The formula
tion, but not glyphosate or AMPA, had adverse 
effects. Specifically, the formulation increased 
levels of reactive oxygen species, nitrotyrosine 
formation, superoxide dismutase activity, and 
glutathione, but did not have an effect on cata
lase or glutathione-S-transferase activities. 
Coalova et al. (2014) exposed Hep2 cells to a 
glyphosate-based formulation (glyphosate as 
isopropylamine salt, 48%) at the LC,0 (concen
tration not otherwise specified) and evaluated 
various parameters of oxidative stress. Exposure 
to the formulation for 24 hours increased catalase 
activity and glutathione levels, but did not have 
an effect on superoxide dismutase or glutathione- 
S-transferase activity.

Using blood samples from non-smoking 
male donors, Mladinic ct al. (2009b) examined 
the effects of in-vitro exposure to glyphosate on 
oxidative DNA damage in primary lymphocyte 
cultures and on lipid peroxidation in plasma. Both 
parameters were significantly elevated at glypho
sate concentrations of 580 pg/mL (~3.4 mM), 
but not at lower concentrations. Kwiatkowska 
el al. (2014) examined the effects of glyphosate, 
its metabolite AMPA, and N-methylglyphosate 
(among other related compounds) in human 
erythrocytes isolated from healthy donors. The 
erythrocytes were exposed at concentrations 
of 0.01-5 mM for 1, 4, or 24 hours before flow 
cytometric measurement of the production of 
reactive oxygen species with dihydrorhodamine 
123. Production of reactive oxygen species was 
increased by glyphosate (> 0.25 mM), AMPA 
(> 0.25 mM), and N-methylglyphosate (> 0.5 mM).

(ii) Non-human mammalian experimental 
systems

Most of the studies of oxidative stress and 
glyphosate were conducted in rats and mice, and 
examined a range of exposure durations, doses, 
preparations (glyphosate and glyphosate-based 
formulations), administration routes and tissues. 
In addition, various end-points were evaluated 
to determine whether oxidative stress is induced 
by exposure to glyphosate. Specifically, it was 
found that glyphosate induces production of free 
radicals and oxidative stress in mouse and rat 
tissues through alteration of antioxidant enzyme 
activity, depletion of glutathione, and increases 
in lipid peroxidation. Increases in biomarkers of 
oxidative stress upon exposure to glyphosate in 
vivo have been observed in blood plasma (Asti/ 
et a L  2009b). liver (Bolognesi el al., 1997; Astiz 
et al., 2009b). skin (George et ill.. 2010). kidney 
(Bolognesi el al„ 1997: Astiz et al., 2009b). and 
brain (Astiz e ta i, 2009b). Several studies demon
strated similar effects with a glyphosate-based 
formulation in the liver (Bolognesi el al., 1997; 
Cavu.>oglu et al., 2011; Jasper et al., 2012). kidney 
(Bolognesi et al., 1997; Cavu^oglu el aL  2011) 
and brain (Cattani el al., 201-1), or with a pesti
cide mixture containing glyphosate in the testes 
(Astiz el til., 2013). Pre-treatment with antioxi
dants has been shown to mitigate the induction 
of oxidative stress by a glyphosate-based formu
lation (Cavusoglu et al., 2011) and by a pesticide 
mixture containing glyphosate (Astiz el al., 201 ).

DNA damage associated with oxidative stress 
after exposure to glyphosate (e.g. as reported in 
Bolognesi et at., 1997) is reviewed in Section 4.2.1.

(Hi) Non-mammalian experimental systems
Positive associations between exposure to 

glyphosate and oxidative stress were reported in 
various tissues in aquatic organisms (reviewed in 
Sian inova et al., 2009). Glyphosate and various 
glyphosate-based formulations have been tested 
in various fish species for effects on a plethora 
of end-points (e.g. lipid peroxidation, DNA
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damage, expression of antioxidant enzymes, 
levels of glutathione), consistently presenting 
evidence that glyphosate can cause oxidative 
stress in fish (Lushchak cl ill., 2009; Ferreira et til., 
2010; ( ■ uilherme et a i, 2010. 2012a. b, 2014a. b; 
Modesto & Martinez. 2010a. b; Cattaneo el ai.. 
2011; Glusczak ct a i, 201 h de Mcnezes ct al., 
2011; O rtiz-O idune/, et a l 2011; Nwani ct al., 
2013; Marques ct al.. 2014. 2015; Sinhorin et a i, 
2014; Uren Webster ct a i, 2014). Similar effects 
were observed in bullfrog tadpoles exposed to 
a glyphosate-based formulation (Costa e_l_ a i, 
2008), and in the Pacific oyster exposed to a 
pesticide mixture containing glyphosate (Geret 
et al.. 2013).

(b) Inflammation and immunomodulation
(i) Humans

Studies in exposed humans
No data were available to the Working Group.

Human cells in vitro
Nakashima et al. (2002) investigated the 

effects of glyphosate on cytokine production 
in human peripheral blood mononuclear cells. 
Glyphosate (1 mM) had a slight inhibitory effect 
on cell proliferation, and modestly inhibited 
the production of IFN-gamma and IL-2. The 
production of TNF-a and IL-1 (3 was not affected 
by glyphosate at concentrations that significantly 
inhibited proliferative activity and T-cell-derived 
cytokine production.

(ii) Non-human mammalian experimental 
systems

Kum a vet < ¡i (2014) studied the pro-inflamma
tory effects of glyphosate and farm air samples in 
wildtype C57BL/6 and TLR4-/* mice, evaluating 
cellular response, humoral response, and lung 
function. In the bronchoalveolar lavage fluid 
and lung digests, airway exposure to glyphosate 
(1 or 100 pg) significantly increased the total cell 
count, eosinophils, neutrophils, and IgGl and

IgG2a levels. Airway exposure to glyphosate 
(100 ng, 1 pg, or 100 pg per day for 7 days) also 
produced substantial pulmonary inflammation, 
confirmed by histological examination. In addi
tion, glyphosate-rich farm-air samples signifi
cantly increased circulating levels of IL-5, IL-10, 
IL-13 and IL-4 in wildtype and in TLR4'/* mice. 
Glyphosate was also tested in wildtype mice 
and significantly increased levels of IL-5, IL-10, 
IL-13, and IFN-y (but not IL-4). The glyphosate- 
induced pro-inflammatory effects were similar to 
those induced by ovalbumin, and there were no 
additional or synergistic effects when ovalbumin 
was co-administered with glyphosate.

Pathological effects of glyphosate on the 
immune system have been reported in 13-week 
rat and mouse feeding studies by the NTP ((Tan 
& Mahler, (992). Relative thymus weight was 
decreased in male rats exposed for 13 weeks, 
but increased in male mice. Treatment-related 
changes in haematological parameters were 
observed in male rats at 13 weeks and included 
mild increases in haematocrit [erythrocyte 
volume fraction] and erythrocytes at 12 500, 
25 000, and 50 000 ppm, haemoglobin at 25 000 
and 50 000 ppm, and platelets at 50 000 ppm. 
In female rats, small but significant increases 
occurred in lymphocyte and platelet counts, 
leukocytes, mean corpuscular haemoglobin, and 
mean corpuscular volume at 13 weeks.

Blaklev (1997) studied the humoral immune 
response in female CD-I mice given drink
ing-water containing a glyphosate-based formu
lation at concentrations up to 1.05% for 26 days. 
The mice were inoculated with sheep erythrocytes 
to produce a T-lymphocyte, macrophage-de- 
pendent antibody response on day 21 of expo
sure. Antibody production was not affected by 
the formulation.

(Hi) Non-mammalian experimental systems
A positive association between exposure to 

glyphosate and immunotoxicity in fish has been 
reported. Kreutz ct al. (201 If reported alterations
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in haematological and immune-system parame
ters in silver catfish (Rhamdia quelen) exposed 
to sublethal concentrations (10% of the median 
lethal dose, LCgo, at 96 hours) of a glypho- 
sate-based herbicide. Numbers of blood eryth
rocytes, thrombocytes, lymphocytes, and total 
leukocytes were significantly reduced after 96 
hours of exposure, while the number of immature 
circulating cells was increased. The phagocytic 
index, serum bacteria agglutination, and total 
peroxidase activity were significantly reduced 
after 24 hours of exposure. Significant decreases 
in serum bacteria agglutination and lysozyme 
activity were found after 10 days of exposure. 
No effect on serum bactericidal and complement 
natural haemolytic activity was seen after 24 
hours or 10 days of exposure to glyphosate.

el-tiendv cl al. (1998) demonstrated effects 
of a glyphosate-based formulation (glyphosate, 
48%) at 1/1000 of the concentration recom
mended for field application on humoral and 
cellular immune response in bolti fish (Tilapia 
nilotica). The mitogenic responses of splenocytes 
to phytohaemagglutinin, concanavalin A, and 
lipopolysaccharide in fish exposed to glypho
sate for 96 hours were gradually decreased and 
reached maximum depression after 4 weeks. 
Glyphosate also produced a concentration-de- 
pendent suppression of in-vitro plaque-forming 
cells in response to sheep erythrocytes.

4.2.4 Cell proliferation and death 

(a) Humans
(i) Studies in exposed humans

No data were available to the Working Group.

(ii) Human cells in vitro
Cell proliferation potential was explored 

in HaCaT kératinocytes exposed to a glypho
sate-based formulation (glyphosate, 41%; 
concentration, up to 0.1 mM) (George & Shukla, 
2013). The formulation increased the number of 
viable cells, as assessed by the MTT assay (based

on reduction of the dye 3-(4,5-dimethylthia- 
zol-2-yl)-2,5-diphenyltetrazolium bromide) at 
concentrations up to 0.1 mM, while concentra
tion- and incubation-time-dependent reductions 
were seen at higher concentrations (up to 1 mM). 
The formulation (0.01 or 0.1 mM for 72 hours) 
significantly enhanced cell proliferation (meas
ured by staining for either proliferating cell 
nuclear antigen or 5-bromo-2'-deoxyuridine); 
at 0.1 mM, the increases exceeded levels for the 
positive control, tetradecanoyl-phorbol-13-ac- 
etate. The proportion of S-phase cells (assessed 
using flow cytometry) and the expression of Gl/S 
cell-cycle regulatory proteins (cyclins D1 and E, 
CDK2, CDK4, and CDK6) increased after expo
sure to the formulation or the positive control.

Li el al. (2013) reported that glyphosate and 
AMPA inhibited cell growth in eight human 
cancer cell lines, but not in two imm ortal
ized normal prostate cell lines. An ovarian 
(OVCAR-3) and a prostate (C4-2B) cell line 
showed the greatest loss in viability, with glypho
sate or AMPA at 15-50 mM. Further assays were 
conducted on AMPA, but not glyphosate, in two 
prostate cancer cell lines (C4-2B and PC-3), and 
found cell-cycle arrest (decreased entry of cells 
into S-phase) and increased apoptosis. [The 
Working Group noted that the findings from 
these assays with AMPA are of unclear relevance 
to the effects of glyphosate.]

Glyphosate (10~6 to 1 pM) increased growth 
by 15-30% relative to controls in hormone-de
pendent T47D breast cancer cells, but only 
when endogenous estrogen was minimized 
in the culture medium (by substitution with 
10% dextran-charcoal treated fetal bovine 
serum). Glyphosate did not affect the growth 
of hormone-independent MDA-MB231 breast 
cancer cells cultured in either medium 
( Ihimgprakaisang et al.. 2013).

Glyphosate (up to 30 pM) did not show cell 
proliferation potential (5-bromo-2'-deoxyuri- 
dine) and did not activate caspase 3 or TP53 in 
human neuroprogenitor ReN CX cells (Culbreth 
et aL  20121.
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Several studies evaluated the impact of glypho - 
sate or glyphosate-based formulations on apop- 
totic cell death in the HepG2 human hepatoma 
cell line. Glyphosate-based formulations induced 
apoptosis in HepG2 cells, while glyphosate alone 
was generally without effect or showed effects 
at considerably higher concentrations (Gasnier 
ct til.. 2009, 2010; Mesnageef <>/.. 2013; Chaufan el 
a L 2014:Coalovac/ n/..2Q14). For example, 23.5% 
of the nuclei of HepG2 cells exposed to a glypho
sate-based formulation showed condensed and 
fragmented chromatin (P < 0.01), and caspases 
3 and 7 were significantly activated, both effects 
being indicative of apoptosis (Chaufan ct al., 
2Q1-0. Caspases were unaffected by glyphosate 
or AMPA alone. Glyphosate and AMPA did 
not affect cell viability at concentrations up to 
1000 mg/L, a concentration that increased rather 
than decreased cell viability after 48 and 72 
hours of incubation. In contrast, cells exposed to 
glyphosate-based formulation at lower concen
trations were not viable. Similarly, Coalova c[ al, 
(2014) reported that a glyphosate-based formu
lation (glyphosate, 48%) induced apoptotic cell 
death in HepG2 cells. Apoptosis was indicated 
by activation of caspases 3 and 7, and the signif
icant fraction (17.7%) of nuclei with condensed 
and fragmented chromatin (P < 0.001).

In studies with glyphosate and nine different 
glyphosate-based formulations in three cell lines, 
glyphosate alone did not increase the activity 
of adenylate kinase (Mesnage cl <//,, 20J •). The 
activity of caspases 3 and 7 was significantly 
increased by glyphosate in HepG2 and embry
onic kidney HEK293 cells, and elevated (although 
not significantly) about 1.8 times above control 
levels in placental choriocarcinoma JEG-3 cells. 
Two formulations containing an ethoxylated 
adjuvant induced adenylate kinase activity to a 
greater extent than caspase activity. All formu
lations were reported to be more cytotoxic than 
glyphosate. [In concentration-response curves, 
glyphosate showed an effect on mitochondrial 
succinate dehydrogenase activity, a measure

of cell viability, that was similar to that shown 
by one formulation. The calculated 50% lethal 
concentration in JEG3 cells for mitochondrial 
succinate dehydrogenase activity was greater for 
three formulations, although the values appeared 
inconsistent with the concentration-response 
curves.]

In HUVEC primary neonate umbilical cord 
vein cells, and 293 embryonic kidney and JEG3 
placental cell lines, Benachour & Séralini (2009) 
found that glyphosate at relatively high concen
trations induced apoptosis, as indicated by 
induction of caspases 3 and 7, and DNA staining 
and microscopy. At comparable or lower concen
trations, four glyphosate-based formulations all 
caused primarily necrotic cell death. The umbil
ical cord HUVEC cells were the most sensitive 
(by about 100-fold) to the apoptotic effects of 
glyphosate.

Heu et al. (2012) evaluated apoptosis in 
immortalized human kératinocytes (HaCaT) 
exposed to glyphosate (5-70 mM). Based on 
annexin V, propidium iodide and mitochondrial 
staining, exposures leading to 15% cytotoxicity 
gave evidence of early apoptosis, while increases 
in  late apoptosis and necrosis were observed at 
higher levels of cytotoxicity.

(b) Non-human mammalian experimental 
systems

(i) In vivo
In male Wistar rats, glyphosate (10 mg/kg 

bw, injected intraperitoneally three times per 
week for 5 weeks) reduced, but not significantly, 
the inner mitochondrial membrane integrity of 
the substantia nigra and cerebral cortex ( \st_U 
cla[, 2009a). Caspase 3 activity was unaltered in 
these tissues. Mitochondrial cardiolipin content 
was significantly reduced, particularly in the 
substantia nigra, where calpain activity was 
substantially higher. Glyphosate induced DNA 
fragmentation in the brain and liver.
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(ii) In vitro
In adult Sprague Dawley rat testicular cells 

exposed in vitro, glyphosate (up to 1%; for 24 or 
48 hours) did not provoke cell-membrane altera
tions (C lair el a l 2012). However, caspase 3 and 
7 activity increased with exposure in Sertoli cells 
alone, and in Sertoli and germ cell mixtures. On 
the other hand, a glyphosate-based formulation (a 
0.1% solution, containing 0.36 g/L of glyphosate) 
induced membrane alterations and decreased 
the activity of caspase 3 and 7 in Leydig cells, and 
in Sertoli and germ cell mixtures. In a separate 
study, glyphosate increased apoptosis in primary 
Sertoli cell cultures from mice (Zhao el a l. 2013).

Glyphosate (5-40 mM, for 12, 24, 48, or 72 
hours) significantly increased cell death in a 
time- and concentration-dependent manner 
in differentiated rat pheochromocytoma PC12 
(neuronal) cells Gui et al. (2012). Apoptotic 
changes included cell shrinkage, DNA fragmen
tation, decreased Bcl2 expression, and increased 
Bax expression. Both autophagy and apoptosis 
were implicated, as pre-treatment with the 
pan-caspase inhibitor Z-VAD or the autophagy 
inhibitor 3-MA inhibited cell loss.

Induction of apoptosis by glyphosate or 
glyphosate-based formulations was also studied 
in other cell lines. Glyphosate (10 pM) induced 
apoptosis in rat heart H9c2 cells, the effect being 
enhanced when glyphosate was given in combi
nation with the adjuvant TN-20 (5 pM), (Kim 
et al., 2013). A glyphosate-based formulation 
induced apoptosis in mouse 3T3-L1 fibroblasts, 
and inhibited their transformation to adipocytes 
(Martini et til., 2012). A glyphosate-based formu
lation (10 mM) did not increase rat hepatoma 
HTC cell death, but did affect mitochondrial 
membrane potential (Malatesta et al., 2008).

Glyphosate (up to 30 pM) did not activate 
caspase 3 or show cell proliferation potential 
(5-bromo-2'-deoxyuridine) in a mouse neuro
progenitor cell line, but did activate Tp53 at the

highest concentration tested (Culhreth cl d  
2012) .

4.2.5 Other mechanisms

No data on immortalization, epigenetic alter
ations, altered DNA repair, or genomic instability 
after exposure to glyphosate were available to the 
Working Group.

4.3 Data relevant to comparisons 
across agents and end-points

No data on high-throughput screening or 
other relevant data were available to the Working 
Group. Glyphosate was not tested by the Tox21 
and ToxCast research programmes of the govern
ment of the USA (Kavlock et al. 2012: Tice el aL  
2013).

4.4 Cancer susceptibility data
No studies that examined genetic, life-stage, 

or other susceptibility factors with respect to 
adverse health outcomes that could be associated 
with exposure to glyphosate were identified by 
the Working Group.

4.5 Other adverse effects
4.5.1 Humans

In the USA in the past decade, poison-control 
centres have reported more than 4000 exposures 
to glyphosate-containing herbicides, of which 
several hundred were evaluated in a health-care 
facility, and fatalities were rare (Rumack, 2013). 
In a pesticide surveillance study carried out by 
the National Poisons Information Service of the 
United Kingdom, glyphosate was among the 
most common pesticide exposure implicated in 
severe or fatal poisoning cases between 2004 and 
2013 (Perry et at., 2014). Deliberate poisonings 
with glyphosate resulting in toxicity and fatality
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have been reported in many countries, including 
Australia (Stella & Rvan. 2004). Denmark 
(Mortensen cl «/., 2000), India (Mahendrakar 
et al., 2014k Japan (Motoiyuku et al., 2008), 
Republic of Korea (Pa rke 11 ¡L, 2013), New Zealand 
(Temple & Smith, 1992), Sri Lanka (Roberts et al.,
2010), Taiwan, China (Chen et al., 2009). and 
Thailand (Sribanditmongkol et al., 2012).

Glyphosate demonstrated no potential for 
photo-irritation or photo-sensitization in 346 
volunteers exposed dermally on normal or 
abraded skin (Hayes & Laws, 1991). On the other 
hand, Manager et al. (2013) reported severe burns 
after prolonged accidental dermal exposure to a 
glyphosate-based formulation.

4.5.2 Experimental systems

Glyphosate was tested in nine regulatory 
submissions included in the Toxicity Reference 
Database (ToxRefDB) and reviewed by the EPA 
(KPAi 2013). Specifically, study design, treatment 
group, and treatment-related effect information 
were captured for four long-term studies and/or 
carcinogenicity studies, one short-term study, two 
multigeneration studies of reproductivity, and two 
studies of developmental toxicity. The NTP also 
tested glyphosate in a 13-week study in rats and 
mice (Chan & Mahler, 1903).

In a long-term combined study of toxicity 
and carcinogenicity in rats given glyphosate 
at nominal doses of 100, 400, and 1000 mg/kg 
bw per day, inflammation was observed in the 
stomach mucosa of females at the intermediate 
and highest doses (EPA, 1990, 1991b). In males 
at the highest dose, liver weight, cataracts and 
lens degeneration in the eyes, and urine specific 
gravity were increased, while body weight, body- 
weight gain, and urinary pH were decreased. 
Pancreatic acinar cell atrophy was observed in 
males at the highest dose. Pancreatic inflamma
tion was also observed in male rats at the highest 
dose in a short-term study (nominal doses of 50, 
250, and 1000 mg/kg bw per day) (EJ/A, 1987).

In the study by the NTP, cytoplasmic alteration 
was observed in the parotid and submandibular 
salivary glands of rats (Chan & Mahler, 1992).

In a study of carcinogenicity in mice given 
glyphosate at doses of 150, 1500, or 4500 mg/kg 
bw per day, liver hypertrophy and necrosis were 
observed in males at the highest dose (1 PA. 1983). 
Other effects in males at the highest dose included 
increased testes weight, interstitial nephritis, and 
decreased body weight. In females at the highest 
dose, ovary weights were increased, proximal 
tubule epithelial basophilia and hypertrophy was 
observed, and body weights were decreased. In 
the study by the NTP, cytoplasmic alteration was 
observed in the parotid salivary glands in mice 
(Chan & Mahler. 1992).

Developmental and reproductive toxicity
In a study of developmental toxicity in 

rats given glyphosate at a dose of 300, 1000, or 
3500 mg/kg bw per day, reduced implantation 
rates and fewer live fetuses were observed in dams 
at the highest dose (EPA. 1980b). In fetuses at the 
highest dose, unossified sternebra were observed 
and fetal weight was reduced.

5. Summary of Data Reported

5.1 Exposure data
Glyphosate is a broad-spectrum herbicide 

that is effective at killing or suppressing all 
plant types, including grasses, perennials, and 
woody plants. The herbicidal activity of glypho
sate was discovered in 1970 and since then its 
use has increased to a point where it is now the 
most heavily used herbicide in the world, with 
an annual global production volume in 2012 of 
more than 700 000 tonnes used in more than 
750 different products. Changes in farming prac
tice and the development of genetically modi
fied crops that are resistant to glyphosate have 
contributed to the increase in use.
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There is little information available on occu
pational or community exposure to glyphosate. 
Glyphosate can be found in soil, air, surface 
water and groundwater, as well as in food. It 
has been detected in air during agricultural 
herbicide-spraying operations. Glyphosate was 
detected in urine in two studies of farmers in 
the USA, in urban populations in Europe, and in 
a rural population living near areas sprayed for 
drug eradication in Columbia. However, urinary 
concentrations were mostly below the limit of 
detection in several earlier studies of forestry 
workers who sprayed glyphosate. Exposure of 
the general population occurs mainly through 
diet.

5.2 Human carcinogenicity data
In its evaluation of the epidemiological 

studies reporting on cancer risks associated with 
exposure to glyphosate, the Working Group 
identified seven reports from the Agricultural 
Health Study (AHS) cohort and several reports 
from case-control studies. The AHS cohort, the 
pooled analyses of the case-control studies in 
the midwest USA, and the cross-Canada study 
were considered key investigations because of 
their relatively large size. Reports from two 
or more independent studies were available 
for non-Hodgkin lymphoma (NHL), multiple 
myeloma, Hodgkin lymphoma, glioma, and 
prostate. For the other cancer sites, results from 
only one study were available for evaluation.

5.2.7 NHL and other haematopoietic cancers

Two large case-control studies of NHL from 
Canada and the USA, and two case-control 
studies from Sweden reported statistically signif
icant increased risks of NHL in association with 
exposure to glyphosate. For the study in Canada, 
the association was seen among those with more 
than 2 days/year of exposure, but no adjustment 
for other pesticides was done. The other three

studies reported excesses for NHL associated 
with exposure to glyphosate, after adjustment 
for other pesticides (reported odds ratio were 2.1 
(95% Cl, 1.1-4.0); 1.85 (95% Cl, 0.55-6.2); and 
1.51 (95% Cl, 0.77-2.94). Subtype-specific anal
yses in a Swedish case-control study indicated 
positive associations for total NHL, as well as all 
subtypes, but this association was statistically 
significant only for the subgroup of lymphocytic 
lymphoma/chronic lymphocytic leukaemia (OR, 
3.35; 95% Cl, 1.42-7.89). An elevated risk (OR, 
3.1; 95% Cl, 0.6-17.1) was also found for B-cell 
lymphoma in an European study based on few 
cases. One hospital-based case-control study 
from France did not find an association between 
exposure to glyphosate and NHL (OR, 1.0; 95% 
Cl, 0.5-2.2) based on few exposed cases.

A roughly twofold excess of multiple myeloma, 
a subtype of NHL, was reported in three studies: 
only among the highest category of glyphosate 
use (> 2 days/year) in the large Canadian case- 
control study, in a case-control study from Iowa, 
USA, and in a French case-control study (all not 
statistically significant). These three studies did 
not adjust for the effect of other pesticides. In the 
AHS, there was no association with NHL (OR, 
1.1; 0.7-1.9). For multiple myeloma, relative risk 
was 1.1 (95% Cl, 0.5-2.4) when adjusted for age 
only; but was 2.6 (95% Cl, 0.7-9.4) when adjusted 
for multiple confounders. No excess in leukaemia 
was observed in a case-control study in Iowa and 
Minnesota, USA, or in the AHS.

In summary, case-control studies in the USA, 
Canada, and Sweden reported increased risks 
for NHL associated with exposure to glyphosate. 
The increased risk persisted in the studies that 
adjusted for exposure to other pesticides. The 
AHS cohort did not show an excess of NHL. The 
Working Group noted that there were excesses 
reported for multiple myeloma in three studies; 
however, they did not weight this evidence as 
strongly as that of NHL because of the possibility 
that chance could not be excluded; none of the
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risk estimates were statistically significant nor 
were they adjusted for other pesticide exposures.

5.2.2. Other cancer sites

No association of glyphosate with cancer 
of the brain in adults was found in the Upper 
Midwest Health case-control study. No associa
tions in single case-control studies were found for 
cancers of the oesophagus and stomach, prostate, 
and soft-tissue sarcoma. For all other cancer sites 
(lung, oral cavity, colorectal, pancreas, kidney, 
bladder, breast, prostate, melanoma) investigated 
in the large AHS, no association with exposure to 
glyphosate was found.

5.3 Animal carcinogenicity data
Glyphosate was tested for carcinogenicity in 

male and female mice by dietary administration 
in two studies, and in male and female rats by 
dietary administration in five studies and in 
drinking-water in one study. A glyphosate-based 
formulation was also tested in drinking-water in 
one study in male and female rats, and by skin 
application in one initiation-promotion study in 
male mice.

There was a positive trend in the incidence 
of renal tubule carcinoma and of renal tubule 
adenoma or carcinoma (combined) in males in 
one feeding study in CD-I mice. Renal tubule 
carcinoma is a rare tum our in this strain of mice. 
No significant increase in tumour incidence was 
seen in female mice in this study. In the second 
feeding study, there was a significant positive 
trend in the incidence of haemangiosarcoma 
in male CD-I mice. No significant increase in 
tumour incidence was seen in female mice in 
this study.

For the five feeding studies in rats, two 
studies in the Sprague-Dawley strain showed a 
significant increase in the incidence of pancre
atic islet cell adenoma in males -  one of these two 
studies also showed a significant positive trend

in the incidences of hepatocellular adenoma in 
males and of thyroid C-cell adenoma in females. 
Two studies (one in Sprague-Dawley rats, one 
in Wistar rats) found no significant increase in 
tum our incidence at any site. One study in Wistar 
rats was inadequate for the evaluation because of 
the short duration of exposure.

In the study in Wistar rats given drinking-water 
containing glyphosate, there was no significant 
increase in tumour incidence.

A glyphosate-based formulation was found 
to be a skin-tumour promoter in the initiation- 
promotion study in male Swiss mice. The study of 
a glyphosate-based formulation in drinking-water 
in Sprague-Dawley rats was inadequate for the 
evaluation because of the small number of animals 
per group, and the limited information provided 
on tumour histopathology and incidence in indi
vidual animals. These studies ofa chemical mixture 
containing glyphosate were considered inadequate 
to evaluate the carcinogenicity of glyphosate alone.

5.4. Other relevant data
Direct data on absorption of glyphosate in 

humans were not available to the Working Group. 
Glyphosate was detected in the urine of agricul
tural workers in several studies, and in the blood 
of poisoning cases, indicative of absorption. 
Some evidence for absorption through human 
skin (~2%) was reported in studies in vitro. 
The minor role of dermal absorption was also 
shown in a study in non-human primate model 
in vivo. However, no study examined the rates 
of absorption in humans. In rodents, several 
studies showed up to 40% absorption after oral 
administration of a single or repeated dose.

Glyphosate was measured in human blood. 
No data on parenchymal tissue distribution 
for glyphosate in humans were available to the 
Working Group. In rats given glyphosate by oral 
administration, concentrations in tissues had 
the following rank order: kidneys > spleen > fat 
> liver. Repeated administration had no effect
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on the distribution of glyphosate. In a study in 
rats, the half-life of glyphosate in plasma was 
estimated to be more than 1 day, indicating that 
glyphosate is not rapidly eliminated.

In the environment, glyphosate is degraded 
by soil microbes, primarily to aminomethyl- 
phosphonic acid (AMPA) and carbon dioxide. 
Glyphosate is not efficiently metabolized in 
humans or other mammals. In rats, small 
amounts of AMPA were detected in the plasma 
and in the colon, with the latter being attributed 
to intestinal microbial metabolism. In humans, 
small amounts of AMPA are detectable in blood 
in cases of deliberate glyphosate poisoning. 
Few studies examined the possible effects of 
glyphosate-based formulations on metabolizing 
enzymes, but no firm conclusions could be drawn 
from these studies.

Studies in rodents showed that systemically 
absorbed glyphosate is excreted unchanged 
into the urine, and that the greatest amount is 
excreted in the faeces, indicating poor absorption. 
Glyphosate was detected in the urine of humans 
who were exposed occupationally to glyphosate. 
AMPA has also been detected in human urine.

Glyphosate is not electrophilic.
A large number of studies examined a wide 

range of end-points relevant to genotoxicity with 
glyphosate alone, glyphosate-based formula
tions, and AMPA.

There is strong evidence that glyphosate 
causes genotoxicity. The evidence base includes 
studies that gave largely positive results in human 
cells in vitro, in mammalian model systems in 
vivo and in vitro, and studies in other non-m am 
malian organisms. In-vivo studies in mammals 
gave generally positive results in the liver, with 
mixed results for the kidney and bone marrow. 
The end-points that have been evaluated in these 
studies comprise biomarkers of DNA adducts 
and various types of chromosomal damage. 
Tests in bacterial assays gave consistently nega
tive results.

The evidence for genotoxicity caused by 
glyphosate-based formulations is strong. There 
were three studies of genotoxicity end-points 
in community residents exposed to glypho
sate-based formulations, two of which reported 
positive associations. One of these studies 
examined chromosomal damage (micronucleus 
formation) in circulating blood cells before 
and after aerial spraying with glyphosate-based 
formulations and found a significant increase 
in micronucleus formation after exposure in 
three out of four different geographical areas. 
Additional evidence came from studies that gave 
largely positive results in human cells in vitro, in 
mammalian model systems in vivo and in vitro, 
and studies in other non-mammalian organ
isms. The end-points that were evaluated in these 
studies comprised biomarkers of DNA adducts 
and various types of chromosomal damage. 
The pattern of tissue specificity of genotoxicity 
end-points observed with glyphosate-based 
formulations is similar to that observed with 
glyphosate alone. Tests in bacterial assays gave 
generally negative results.

For AMPA, the evidence for genotoxicity 
is moderate. While the number of studies that 
examined the effects of AMPA was not large, all 
of the studies gave positive results. Specifically, 
genotoxicity was reported in a study in humans 
in vitro, a study in mammals in vivo, a study in 
mammals in vitro, and one study in eels in vivo.

Strong evidence exists that glyphosate, AMPA, 
and glyphosate-based formulations can induce 
oxidative stress. Evidence came from studies in 
many rodent tissues in vivo, and human cells in 
vitro. In some of these studies, the mechanism 
was challenged by co-administration of antiox
idants and observed amelioration of the effects. 
Similar findings have been reported in fish and 
other aquatic species. Various end-points (e.g. 
lipid peroxidation markers, oxidative DNA 
adducts, dysregulation of antioxidant enzymes) 
have been evaluated in numerous studies. This
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increased the confidence of the Working Group 
in the overall database.

There is weak evidence that glyphosate 
or glyphosate-based formulations induce 
receptor-mediated effects. In multiple experi
ments, glyphosate-based formulations affected 
aromatase activity; glyphosate was active in a few 
of these studies. Some activity in other nuclear 
receptor-mediated pathways has been observed 
for glyphosate or glyphosate-based formula
tions. In one series of experiments, glyphosate 
was not found to be a ligand to several receptors 
and related proteins (aryl hydrocarbon receptor, 
peroxisome proliferator-activated receptors, 
pregnane X receptor).

There is weak evidence that glyphosate may 
affect cell proliferation or death. Several studies 
in human and rodent cell lines have reported 
cytotoxicity and cell death, the latter attributed to 
the apoptosis pathway. Studies that examined the 
effects of glyphosate alone or a glyphosate-based 
formulation found that glyphosate alone had no 
effect, or a weaker effect than the formulation.

There is weak evidence that glyphosate may 
affect the immune system, both the humoral and 
cellular response, upon long-term treatment in 
rodents. Several studies in fish, with glyphosate 
or its formulations, also reported immunosup
pressive effects.

With regard to the other key characteristics of 
human carcinogens (IARC, 2011). the Working 
Group considered that the data were too few for 
an evaluation to be made.

Severe or fatal human poisoning cases have 
been documented worldwide. In rodents, organ 
and systemic toxicity from exposures to glypho
sate are demonstrated by liver-weight effects and 
necrosis in animals at high doses. Additionally, 
effects on the pancreas, testes, kidney and ovaries, 
as well as reduced implantations and unossified 
sternebra were seen at similar doses.

No data on cancer-related susceptibility after 
exposure to glyphosate were available to the 
Working Group.

Overall, the mechanistic data provide strong 
evidence for genotoxicity and oxidative stress. 
There is evidence that these effects can operate 
in humans.

6. Evaluation

6.1 Cancer in humans
There is limited evidence in humans for the 

carcinogenicity of glyphosate. A positive asso
ciation has been observed for non-Hodgkin 
lymphoma.

6.2 Cancer in experimental animals
There is sufficient evidence in experimental 

animals for the carcinogenicity of glyphosate.

6.3 Overall evaluation
Glyphosate is probably carcinogenic to 

humans (Group 2A).

6.4 Rationale
In making this overall evaluation, the 

Working Group noted that the mechanistic and 
other relevant data support the classification of 
glyphosate in Group 2A.

In addition to limited evidencefor the carcino
genicity of glyphosate in humans and sufficient 
evidence for the carcinogenicity of glyphosate in 
experimental animals, there is strong evidence 
that glyphosate can operate through two key 
characteristics of known human carcinogens, 
and that these can be operative in humans. 
Specifically:

• There is strong evidence that exposure to 
glyphosate or glyphosate-based formulations 
is genotoxic based on studies in humans in 
vitro and studies in experimental animals.
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One study in several communities in indi
viduals exposed to glyphosate-based formu
lations also found chromosomal damage in 
blood cells; in this study, markers of chro
mosomal damage (micronucleus formation) 
were significantly greater after exposure than 
before exposure in the same individuals.

• There is strong evidence that glypho
sate, glyphosate-based formulations, and 
aminomethylphosphonic acid can act to 
induce oxidative stress based on studies in 
experimental animals, and in studies in 
humans in vitro. This mechanism has been 
challenged experimentally by administering 
antioxidants, which abrogated the effects of 
glyphosate on oxidative stress. Studies in 
aquatic species provide additional evidence 
for glyphosate-induced oxidative stress.
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p r o - o x id a n t  r e s p o n s e s  f o l lo w in g  s h o r t - te r m  e x p o 
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to  a g ly p h o s a te -b a s e d  h e r b ic id e  -  e lu c id a t io n  o f  
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0 I 4 2 (1 9 9 9 0 3 1 5 ) 8 5 : 6 < I 3 5 3 : : A 1 D - C N C R 1 9 > 3 .0 .C Q : 2 - I  
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P M I D :3 8 0 1 0 9 1
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g e n s .  In : I n s t r u c t io n s  fo r  a u th o r s . L yon: I n te r n a t io n a ]  
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IP C S  (1 9 9 4 ) . G ly p h o s a te .  E n v ir o n m e n ta l  H e a lth  C r iter ia  
159. G e n e v a :  In te r n a t io n a l  P r o g r a m m e  o n  C h e m ic a l  
S a fe ty , W o r ld  H e a lth  O r g a n iz a t io n .  A v a ila b le  fro m :
h t t p : / / w w w . i n c h e m .o r g / d o c u m e n t s / e h c / e h c / e h c l 5 9 .
!11 u i , a c c e s s e d  2 8  J u ly  2 0 1 5 .

IP C S  (1 9 9 6 ) . G ly p h o s a te .  W H O /F A O  D a ta  S h e e ts  o n  
P e s t ic id e s ,  N o . 91 (W H O /P C S /D S /9 6 .9 1 ) .  G e n e v a :  
In te r n a t io n a l P r o g r a m m e  o n  C h e m ic a l  S a fe ty , W o r ld  
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IP C S  (2 0 0 5 ) . G ly p h o s a te .  In te r n a t io n a l C h e m ic a l  S a fe ty  
C a rd  (IC S C  0 1 6 0 ). G e n e v a :  In te r n a t io n a l P r o g r a m m e  
o n  C h e m ic a l  S a fe ty , W o r ld  H e a lth  O r g a n iz a t io n .  
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J acob  G S , G a r b o w  JR , H a lla s  L E , K im a c k  N M , K ish o r e  
G M , S c h a e fe r  J (1 9 8 8 ). M e ta b o lis m  o f  g ly p h o s a te  in  
P s e u d o m o n a s  sp . s tr a in  LBr. Appl Environ Microbiol, 
5 4 (1 2 ) :2 9 5 3 -8 .  P M I D :3 2 2 3 7 6 1

Jan M R , S h a h  J, M u h a m m a d  M , A r a  B (2 0 0 9 ) . G ly p h o s a te  
h e r b ic id e  r e s id u e  d e te r m in a t io n  in  s a m p le s  o f  e n v i 
r o n m e n ta l  im p o r ta n c e  u s in g  s p e c tr o p h o to m e tr ic  
m e th o d .  J H azard Mater, 1 6 9 (1—3 ):7 4 2 —5. d o i: l ( ) .1 0 1 6 /i. 
¡h a z m a t .2 0 0 9 .Q 4 .0 0 3  P M ID : 19411135

Jasp er  R, L o c a te ll i  G O , P ila t i C , L o c a te ll i  C (2 0 1 2 ). 
E v a lu a t io n  o f  b io c h e m ic a l ,  h e m a to lo g ic a l  a n d  o x id a 
tiv e  p a r a m e te r s  in  m ic e  e x p o s e d  to  th e  h e r b ic id e  
g ly p h o s a t e - R o u n d u p ( ’). Interdiscip Toxicol, 5 (3 ) :1 3 3 -  
4 0 . d o i: 1 0 .2 4 7 8 /V 1 0 1 0 2 -0 1 2 - 0 0 2 2 - 5  P M I D :2 3 5 3 4 5 5 3

J a u h ia in e n  A , R à s à n e n  K, S a r a n tila  R, N u u t in e n  J, K a n g a s  
J (1 9 9 1 ). O c c u p a t io n a l  e x p o s u r e  o f  fo r e s t  w o r k e r s  to  
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T a r a s ia  S et al. (1 9 9 5 ) . M u ta g e n ic ity  t e s t in g  o f  n in e  
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To x ico k in e tics
• Absorption: No direct human study of absorption of glyphosate was available to the working 

group; however, several studies in agricultural applicators reported detectable levels of 
glyphosate in urine (Acquavelia et al., 2004) (Curwin et al., 2007), indicative of absorption. In 
rodents, several studies showed 30-40% absorption after administration of a single oral dose 
(Brewster et al., 1991) (Chan & Mahler, 1992) (Williams ef al., 2000). In a repeat-dose study, 
"15% of glyphosate was found to be absorbed (Williams et al., 2000).

• Distribution: No data on systemic tissue distribution of glyphosate in humans were available to 
the working group. In a rat study, the tin of glyphosate in plasma was estimated at 33 hours 
(Bernal et al., 2010). In the sub-chronic 14-days feeding study in rats, glyphosate reached steady- 
state levels in blood by 6 days (Williams et al., 2000) and the concentrations in tissues had the 
following rank order: kidneys > spleen > fat > liver. Repeat administration had no effect on 
distribution of glyphosate (Williams et al., 2000).

• Metabolism: In the environment, glyphosate is degraded by soil microbes, primarily to 
aminomethylphosphoric acid (AMPA) and carbon dioxide (Jacob etal., 1988). Glyphosate is not 
well metabolized in humans or other mammals. In rats, small amounts of AMPA were detected in 
plasma (Bernal et al., 2010) and in colon (Brewster et al., 1991); with the latter being attributed 
to intestinal microbial metabolism. In humans, small amounts of AMPA are detectable in blood in 
cases of deliberate glyphosate poisoning (Motojyuku et al., 2008). Few studies examined possible 
effects of glyphosate on metabolizing enzymes and no firm conclusions can be drawn.

■  Excretion: Studies in rodents showed that systemlcally absorbed glyphosate is excreted
unchanged into urine and the greatest amount is excreted in feces indicating poor absorption. 
Glyphosate was detected in urine of humans occupationally exposed to glyphosate (Acquavelia 
et al., 2004) (Curwin et al., 2007).

K ey  ch a ra cte ristics
• Electrophilicity: Glyphosate is not electrophilic and is not metabolized to an electrophile.
• Genotoxicity: In vivo evidence on genotoxicity of glyphosate is largely inconsistent in studies in 

rodents and no conclusions can be drawn from human studies due to mixed exposures to 
pesticides and other chemicals. In vitro data in human and animal cells contains some evidence 
of genotoxicity of glyphosate and AMPA; however, a number of studies failed to observe 
evidence for genotoxicity. Positive studies for glyphosate, AMPA and commercial formulations of 
glyphosate are available in a variety of plants, fish and other marine organisms. The majority of 
standard Ames test bacterial strains were not affected by glyphosate or AMPA, even in presence 
of metabolic activation.

• Altered Repair Genomic Instability: No data.
• Chronic Inflammation or Oxidative Stress: Strong evidence exists that glyphosate, AMPA and 

commercial formulations of glyphosate can induce oxidative stress in many rodent tissues in vivo 
and in rodent and human cells in vitro. Similar findings have been reported in fish and other 
aquatic species. Various endpoints (lipid peroxidation markers, oxidative DNA adducts, 
dysregulation of antioxidant enzymes, etc.) have been evaluated across numerous studies which 
increases confidence in the overall database. It is yet to be determined, however, the exact 
mechanism of such effects.

• Receptor Mediated: Glyphosate was not found to be a ligand to a number of xenobiotic 
metabolism-inducing nuclear receptors (AhR, PPARs, PXR); however, some studies suggested 
that it may act as an agonist and antagonist to hormone receptors, ER and AR. Given the paucity 
of the available data, insofar the compound used in these studies (glyphosate, or various
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commercial formulations of the pesticide and combinations thereof), it is difficult to ascertain 
whether the observed effects are due to glyphosate or other substances.

• Proliferation or Death: A number of studies in human and rodent cell lines have observed 
cytotoxicity and cell death, attributed to the apoptosis pathway, in high micro-molar 
concentrations or greater. Some studies examined the effects of glyphosate alone in comparison 
to mixtures of glyphosate with adjuvants to mimic commercial formulations, and found that 
adjuvants generally exacerbated effects of glyphosate.

• Immunosuppression: There is some evidence that glyphosate may affect the immune system, 
both humoral and cellular response, upon chronic treatment in rodents. Several studies in fish, 
both using commercial formulations of glyphosate rather than the pure chemical, also reported 
immunosuppressive effects.

•  Epigentic effects: No data
• Immortalization: No data.
• Other: None

To xicity  co n firm in g  ta rg e t tissue /site : to be filled In once target tissues are confirmed 

S u sce p tib ility : No data

A d d itio n a l re le va n t d a ta : No data
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1 /•Mviroiwwntal ( ’arcinogenesis I nil. Department o f  Epidemiology ¡mil Prevention. Xational ( oncer 
Research Institute. Genoa, Italy. ~Factlllad cle Salmi, f viw rsidad del I title. ( ’ali. ( ’olontbia. ’( 'enlre 
f i r  Toxicology ■ and Department o f  Fin 'iron mental Biology, ( 'Diversity o f f  iitelph. (itwlph, (hitorio, 
Canada, and * Marshal I Agroecology I.united. Barton. H'inscomhe. Somerset. Cnited kingdom

In order to assess possible human effects associated with 
gly pints ate formulations used in the Colombian aerial spray 
program for control of illicit crops, a cytogenetic biomonitor
ing study was carried out in subjects from five Colombian 
regions, characterized by different exposure to glyphosate and 
other pesticides. Women of reproductive age (137 persons 15- 
49 vrold) and their spouses (137 persons) were interviewed to 
obtain data on current health status, history, lifestyle, includ
ing past and current occupational exposure to pesticides, and 
factors including those known to he associated with increased 
frequency of micronuclei (MN). In regions where glyphosate 
was being sprayed, blood sumples were taken prior to spraying 
(indicative of baseline exposure), 5 d after spraying, and 4 mo 
after spraying. Lymphocytes were cultured and a cytokinesis- 
block micronucleus cytome assay was applied to evaluate chro
mosomal damage and cytotoxicity. Compared will) Santa 
Marta, where organic coffee is grown without pesticides, the 
baseline frequency of binucleatcd cells w ith micronuclei 
(BNMN) was significantly greater in subjects from the other 
four regions. The highest frequency of BNMN was in Boyaca, 
where no aerial eradication spraying of glyphosate was con
ducted, and in Valle del Cauca, where glyphosate was used for 
maturation of sugar cane. Region, gender, and older age (S35 
yr) were the only variables associated with the frequency of 
BNMN measured before spray ing. A significant increase in fre
quency of BNMN between first and second sampling ssas 
observed in Narifio, Putumayo, and Valle immediately (<5 d) 
after spray ing. In the post-spray sample, those who reported

' General Secretariat of the Organization of American Stales. 
2009. litis paper was prepared as part of a Study entitled 
"Production of Illicit Drugs, the Hnviromnent and Human Health." 
financed with contributions from the Governments of Colombia and 
the United Stales of America. Hie conclusions ¡md opinions 
expressed herein are those of the authors and not necessarily those 
of the Organization of American Stales ¡md its General Secretarial, 
which as of the date of this copy right, have not formulated any 
opinion w ith respect to them.

Address correspondence to K K. Solomon. Centre for l exicology 
and Department of Tuvironmental Biology, University of Guelph. 
Guelph. ON. NIG 2WI, Canada. E-mail: ksolotnona uoguclph.ca

direct contact with the eradication spray showed a higher 
quantitative frequency of BNMN compared to those without 
glyphosate exposure. The increase in frequency of BNMN 
observed immediately after the glyphosate spraying was not 
consistent with the rates of application used in the regions and 
there was no association between self-reported direct contact 
with eradication sprays and frequency of BNMN. Four months 
after spray ing, a statistically significant decrease in the mean 
frequency of BNMN compared with the second sampling was 
observed in Narino, but not in Putumayo and Valle del Cauca. 
Oserall, data suggest that genotoxic damage associated with 
glyphosate spraying for control of illicit crops as evidenced by 
MN test is small and appears to be transient. Etidence indi
cates that the genotoxic risk potentially associated with expo
sure to glyphosate in the areas where the herbicide is applied 
for coca and poppy eradication is loss.

Glyphosate (.Y-pliosphonomethy I glycine), a nonselective 
herbicide, is the active ingredient o f a number of herbicide 
formulations and one of lire most widely used pesticides on a 
global basis (Bay lis. 2000; Woodburn. 2000; Duke & Pow les. 
2008). It is a posleinergencc herbicide, cffcclivc for the con
trol o f annual, biennial and perennial species of grasses, 
sedges, and broadlcar weeds. The relatively high water solu
bility and the ionic nature of gly phosate retard penetration 
through plant hydrophobic cuticular waxes. For this reason, 
glyphosate is commonly formulated with surfactants that 
decrease (lie surface tension of the solution and increase pen
etration into the tissues of plants (World Health Organization 
International Program on Chemical Safely. 1994; Gicsy ct al.. 
20(H)).

A large number of gly phosatc-bascd fonnulations arc reg
istered in more Ilian 100 countries and are available tinder dif
ferent brand names. One of the most commonly applied 
gly phosate-based products is Roundup, containing gly phosate 
as the active ingredient (Al) and polyelltoxy lalcd tallow amine
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(POEA) as a surfaclani. Gl> pliosatc and its formulations have 
been extensively investigaled for potential adverse effects in 
humans (Williams et al.. 2000). Tliis pesticide was reported to 
exert a low acute toxicity to different animal species. Experi
mental evidence showed that gly phosate did not bioaccuinulale 
in any animal tissues (Williams et al.. 2000). Clironic feeding 
studies in rodents did not find evidence of carcinogenic activity 
or any other relevant chronic effects (U.S. EPA. 1993; World 
Health Organization International Program on Clicmical 
Safety. 1994).

With in vitro studies w ith tissue cultures or aquatic organ
isms. several of the formulated products arc more toxic than 
gly phosate Al (Giesy el al.. 2000; Williams et al.. 2000). Dif
ferences in the response of test organisms to the Al and the 
commercial formulation, e.g.. Roundup, are likely due to the 
toxicity of different fonnulanls and surfactants contained in 
commercial products. There is a general agreement that adju
vants may be more toxic for animals than glyphosate itself 
(Giesy el al.. 2000; Williams et al.. 2000; Richard et al.. 
2005). Cytotoxicity of the commercial formulation Roundup 
to human peripheral mononuclear cells was 30-fold higher 
(LC5u = 56 rng/L) than for the Al (LCJ0 = 1640 mg/L) (Mar
tinez et al.. 2007). Several in vitro and in vivo studies will) 
parallel testing of gly phosate Al and Roundup showed that 
only the commercial formulation was genotoxic (Rank el al.. 
1993; Bologncsi cl al.. 1997b; Gcbcl et al.. 1997; Grisolia 
2002). Cy totoxic and genotoxic effects were observ ed with 
Roundup and other formulations of glyphosate. but not with 
glyphosate Al alone in comparative studies involving differ
ent experimental systems (Pcluso cl al.. 1998; Richard et al.. 
2005; Dimitrov et al.. 2006). The observed differences were 
attributed to some ingredients or Roundup, mainly surfac
tants. and/or to a synergic effect of glyphosate and compo
nents of the formulation (Sirisailha el al.. 2004; Peixoto 
2005).

Epidemiological studies generally showed no consistent or 
strong relationships between human exposure to glyphosate 
or glyphosalc-containing products and health outcomes in 
human populations. No statistically significant association in 
humans was found with spontaneous abortion, fetal deaths, 
preterm birth, neural lube defects (Rull et al.. 2006). and can
cer incidence overall, although a suggested association 
between cumulative exposure to glyphosate and the risk of 
multiple myeloma was reported (De Roos cl al.. 2005).The 
epidemiologic ev idence is insufficient to verify a cause- 
effect relationship for childhood cancer (Wiglc et al.. 2008). 
Four case-control studies suggested an association between 
reported gly phosate use and the risk of non-Hodgkin's lym
phoma (NHL) in age groups from 20 to 70 yr (Hardell & 
Eriksson, 1999; McDuffie el al.. 2001; Hardell et al.. 2002; 
De Roos et al.. 2003; Eriksson et al.. 2008).

Glyphosate Al and Roundup were extensively tested for 
gcnotoxicity in a wide range of in vitro and in vivo systems 
evaluating different genetic endpoints (gene mutation.

chromosome mutation. DNA damage and repair) using bac
teria and mammalian somatic cells (Williams et al.. 2000). 
The active ingredient did not induce any relevant genotoxic 
effects such as gene mutations in a variety of in vitro bacte
rial assay s including the Salmonella typhimurium reversion 
assay, with and without metabolic activation (Wildeman & 
Nazar 1982; Moriya et al.. 1983; Li & Long. 1988) and 
Escherichia coli WP-2 (Moriya cl al.. 1983; Li & Long. 
1988). The activ e ingredient was also negative in the Chi
nese hamster ovary cell HGPRT gene mutation assay and in 
primary hepatocy le DNA repair assay (Li & Long. 1988). 
The genotoxic potential of the formulation Roundup was 
investigated in a number of studies evaluating various 
genetic endpoints in different biological systems and was 
(1) negative in the S. typhimurium reversion assay (Kicr 
et al.. 1997). (2) negative in the sex-linked recessive lethal 
assay with Drosophila melanogaster (Gopalan & Njagi. 
1981). and (3) negative for in vivo micronucleus (MN) 
induction in mouse bone marrow (Rank el al.. 1993; Kicr 
et al.. 1997; Dimitrov et al.. 2006). The Roundup formula
tion was reported in a number of studies to exert weak geno
toxic effects in short-tenn assay s.

Differences in the response of test organisms to the 
active ingredient glyphosate and the commercial formula
tion Roundup might be due to the toxicity of different 
co-formulanls and surfactants contained in commercial 
products. Several studies with parallel testing of gly phosate 
and Roundup showed that only the commercial formulation 
was genotoxic (Rank et al.. 1993; Bologncsi et al.. 1997b; 
Gcbcl el al.. 1997; Grisolia 2002). A recent study on the 
genotoxic potential of gly phosate formulations found that in 
some cases the genotoxic effects were obtained under expo
sure conditions that are not relev ant for humans (Heydens 
el al.. 2008).

An in vino study described a concentration-dependent 
increase of DNA single-strand breaks (SSB). evaluated by comet 
assay, in two dilTercnl human cell lines treated with glyphosate 
at sublellial concentrations (Monroy et al.. 2005). Roundup for
mulations were sliown to affect the cell cy cle by inliibiting die 
G2/M transition and DNA synthesis leading to a genomic insta
bility (Marc el al.. 2004a. 2004b). Evidence of DNA damage in 
pcnplier.il lymphocytes from a small group or subjects 
potentially exposed to gly pliosatc was reported in a recent paper 
(Paz-v-Mino el al.. 2007). The number of subjects (21 control 
and 24 exposed) was small and there were 23 females and only 
1 male in tire exposed group, making interpretation of the results 
difficult.

Frequency of MN in human lymphocytes has been w idely 
used for bioinonitoring exposure to pesticides (Bologncsi. 
2003; Costa et al.. 2006; Montero et al.. 2006). The MN lest, 
an index of cliroinosom.nl damage, is one of the most appro
priate biomarkers for monitoring a cumulative exposure to 
genotoxic agents. Cliromosomal damage, as a result of ineffi
cient or incorrect DNA repair, is expressed during the cell
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division and represents an index of accumulated genoloxic 
effects. The cytokinesis-block inicronucleus (CBMN) meih- 
odology (Fencch & Morley. 1985) allows a distinction to be 
made between a inononucleated cell that did not divide and a 
binucleated cell that has divided once, expressing any 
genomic damage associated to recent exposure. The lest in its 
comprehensive application, as was proposed by Fenech 
(2007) including a set of markers of gene amplification, cel
lular necrosis, and apoptosis, allows evaluation of genoloxic 
and cytotoxic effects induced by exposure to a genoloxic 
agent.

Colombia's anti-drugs strategy includes a number of mea
sures ranging from aerial spraying of a mixture of a commer
cial formulation of glyphosale (Glyphos) and an adjuvant. 
Cosmo-Flux (Solomon el al.. 2007b). to manual eradication, 
including alternative development and crop substitution pro
grams (UNODC. 2007). In order to assess the potential geno- 
toxic risk associated with the aerial spraying program with 
the glyphosale mixture, a cytogenetic biomonitoring study 
was carried out in subjects from five Colombian regions, 
characterized by different exposure to gly phosale formula
tions and other pesticides.

MATERIALS AND METHODS
The study w as carried out in five regions of Colombia, with 

different potential exposure to glyphosale as reported by Sanin 
et al. (2009). Briefly , the cliaractcristics of the study areas are 
described liere:

Sierra Nevada de Santa Marla—where organic coffee is grown 
without use of pesticides.

Boyaca—-an area of illicit crops, where manual eradication is 
performed and the use of pesticides and other chemical 
agents is common.

Putumayo and Narino—where aerial spray ing of glyphosate 
is performed for coca and poppy eradication. The aerial 
application rale for eradication of coca is 3.69 kg 
glyphosale a.e. (acid equivalents)/ha (Solomon et al.. 
2007b). In order to maximize penetration and effective
ness of the spray formulation. Gly phos is tank-mixed 
with an adjuvant (Cosmo-Flux® 41 IF; Cosmoagro. 
Bogota).

Valle del Cauca—where gly phosate is applied through aerial 
spray ing for sugar cane maturation. Roundup 747 is the 
most commonly used product and is applied at a rate of 1 
kg a.e./lta. and lias no additional adjuvant (personal com
munication. ASOCANA. the Colombian Association for 
Sugar Growers. December 2008).

Study Population
Two hundred and seventy-four individuals were included 

in the study. The objective was to sample 30 couples of

reproductive age in each area and. where possible, the same 
couples in the study conducted by Sanin et al. (2009) were 
sampled. In Putumayo, Narino. and Valle del Cauca. the pop
ulation was selected based on the scheduled aerial spray ing of 
gly phosale. This schedule was confidential and prov ided 
exclusively for the purpose of the study by the Antinarcotics 
Police (Putumayo and Narino) or ASOCANA (Valle del 
Cauca). In Valle del Cauca. a sample size of 30 couples could 
not be achieved because spraying was not carried out in pop
ulated areas of the study region. Most spraying during the 
study period was carried out on sugar cane crops w here no 
inhabitants were found. All reported areas to be sprayed in 
Valle del Cauca were visited to search for couples: however, 
only 14 could be included,

In Sierra Nev ada de Santa Marta and Boy aca. the same 
areas investigated in a previous study (Sanin el al.. 2009) 
were identified, although, due to the instability of the popula
tion and high migration, most couples from the previous 
study were not located. In all regions, the same strategy as 
described before (Sanin cl al.. 2009) was followed, visiting 
household by liousehold until completing 30 couples who ful
filled the inclusion criteria, w omen of reproductiv e age (15—19 y r 
of age) and their spouses, who voluntarily accepted to partici
pate in the study .

Field Data Collection
Field data collection was carried out between October 

2006 and December 2007. Epidemiologists and interviewers 
in the five regions who participated in the Sanin et al. (2009) 
study were informed about the objectiv es of the study and 
trained for data collection. The Ethical Committee of Funda
ción Santa Fe de Bogota approv ed the study protocol and the 
informed consent forms used for the study. All the subjects 
were informed about the aims of the study. All of them gave 
their informed consent and volunteered to donate blood for 
sampling. They did not self-report illness at (he lime of 
blood sampling and interviews. Every volunteer was inter
viewed with a standardized questionnaire, designed to obtain 
relev ant details about the current health status, history. and 
lifestyle. This included information about possible con
founding factors for chromosomal damage: smoking, use of 
medicinal products, severe infections or viral diseases during 
the last 6 mo. recent vaccinations, presence of known indoor/ 
outdoor pollutants, exposure to diagnostic x-rays, and previ
ous radio- or chemotherapy . A simplified food frequency 
questionnaire that had already been used in other regions of 
Colombia was also applied, in order to evaluate dietary folic 
acid intake. Folic acid intake was characterized because of 
the role of folic acid deficiency in baseline genetic damage 
in human lymphocy tes (Fencch & Rinaldi. 1994). Specific 
information about exposure at the time of aerial spraying in 
Putumayo. Nariflo. and Valle del Cauca was addressed in the 
quest ionnai re.
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Blood Sampling and Cell Culture
Blood samples were collected twice in Bovaca. al the begin

ning of the study and 1 mo after the first survey, and at 3 differ
ent times in Narino. Putumayo, and Valle del Cauca. 
immediately before spraying, within 5 d after spraying, and 4 
mo later. A sample of 10 ml « hole blood was collected from 
each subject, by venipuncture, using heparinized Vacutaincr 
tubes kept at room temperature and sent within 24 h for the 
establishment of the lymphocyte cultures. The samples were 
coded before culturing. The modified cvtokincsis-blocked 
method of Fcncch and Morlcy (1985) w as used to determine 
frequency of MN in lymphocytes. Whole blood cultures «ere 
set up for cytogenetic analysis in Bogota (Colombia) by per
sonnel specifically trained by cytogeneticists from Environ
mental Carcinogenesis Unit of tlic National Cancer Research 
Institute (Genoa. Italy).

Three sterile cultures of lymphocytes « ere prepared. A 0.4-ml 
aliquot o f « hole blood was incubated at 37°C in duplicate in 
4.6 ml RPMI 1640 (Life Technologies. Milano. Italy) supple
mented with 10% fetal bovine scrum (Gibco BRL. Life Tech
nologies SrL. Milano. Italy). 1.5% phytohcmoagglutinin 
(Murcx Biotech. Dartford. UK). 100 unils/ml penicillin, and 
100 pg/inl streptomycin. After 44 h. cytochalasin B (Sigma. 
Milano. Italy) «as added at a concentration of 6  pg/ml. At the 
end of incubation at 37°C for 72 h. cells « ere centrifuged (800 
x g. 10 min), then treated with 5 ml of 0.075 n il/ KC1 for 3 min 
at room temperature to lyse crytlirocytcs. The samples «ere 
then treated with pre-fixative (methanolracctic acid 3:1) and 
centrifuged , The cellular pellets «ere resuspended in 1 ml 
methanol At tins step the samples « ere sent to the Environmental 
Carcinogenesis Unit (National Cancer Research Institute. 
Genoa. Italy). All the samples «ere centrifuged in methanol. 
Treatment with fixative (methanolracctic acid. 5:1) followed 
by centrifugation was repeated twice for 2 0  min. Lymphocytes 
in fresh fixative «ere dropped onto clean iced slides, air-dried, 
and stained in 2% Giemsa (Sigma, Milano. Italy), MN analysis 
was performed blind only on lymphocy tes with preserved cyto
plasm On average. 2000 cells were analyzed for each subject. 
Cells «ere scored cytologically using the cytomc approach to 
evaluate viability status (necrosis, apoptosis), mitotic status 
(mononuclcatcd. bmuclcalcd. multinuclcatcd) and chromo
somal damage or instability status (presence of micronuclci. 
nuclcoplasmic bridges, nuclcoplasmic buds) (Fcncch 2007). 
The proliferation index (PI) w as calculated as follows:

PI = (number of mononucleated cells + 2 
x number of binuclcatcd cells + 3 
x number of polynucleated cells)/ total number of cells.

Statistical Analysis
Continuous variables were characterized using mean and 

standard deviation, while categorical variables were expressed

as proportions. Dependent variables, micronuclci per binuclc- 
aled cell (BNMN). and differences in MN between sampling 
were square-root transformed where required to comply « itli 
llic required assumptions of normal distribution and equal v ari
ances. Comparison of MN between areas was made by one-way 
analysis of v ariance (ANOVA). A significance lev el at 5% was 
used to assess differences among areas. For multiple compari
sons. the Bonferroni test was applied (o = .05). Significance of 
differences in frequency of BNMN between first and second, 
and second and tliird sampling were tested by (he unpaired 
/-lest with equal variances. Difference and 95% confidence 
interval were used to compare between samplings.

Biv ariate analysis between dependent variables and putativ e 
risk factors was performed by one-way ANOVA. comparing 
exposed and nonexposed subjects. In eases where risk factor 
was continuous, such as age. folic acid intake, alcohol con
sumption. and coffee consumption, the correlation coefficient 
was used.

A multiple linear regression was conducted to assess associ
ation with BNMN al the first sampling w ith different variables: 
region age (as continuous v ariable as well as categorical age), 
ethnicity as a dichotomous variable, exposure to gcnotoxic 
products as defined earlier, gender (female vs. male), and 
intake of folic acid (categorized in quartilcs). Regression anal
ysis was conducted with transformed variables, with square 
root (ransfoniialion of BNMN and natural logarithm of age. to 
obtain a normal distribution.

RESULTS
Dcmograpliic characteristics and habits of the study groups 

arc described in Table 1. The study population comprised 274 
subjects (137 female and 137 male: av erage age 30.4 ± 7.8 yr). 
The mean age of the subjects was similar in the different 
regions. A large pan of the studied population was mestizo, 
with the exception of the Narino area consisting of individuals 
of African origin. In the total population. 38% of interviewees 
had not completed primary education. Putumayo had the larg
est proportion with education and Valle del Cauca the lowest 
as show n in Table 1. Only 10% of all subjects were smokers. 
(20% in Putumay o): a large majority o f subjects w ere drinkers 
of beer or liquor with a consistent consumption of guarapo (tra
ditional alcoholic beverage prepared by fermentation of maize) 
in Santa Marta and Bovaca. No statistically significant differ
ences of folic acid intake were observed between different 
regions (live mean v alues ranged from 750 and 1189 //g/vvk).

One hundred and nine (39.8%) of 274 participants re polled 
current use of pesticides in their occupation or other activities. 
Narino (76.6%) and Putumayo (61.7%) were the two regions 
where prevalence of use of gcnotoxic pesticides was higher: 
Boyaca (24.2%) and Valle del Cauca (28.6%) reported lower 
use. None of the study subjects in Santa Marta reported use of 
pesticides. No data regarding quantity of pesticide used were 
available. Fifty (18.3%) out of 273 who gave information
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TABLE 1
Demograpliic Characteristics and Possible Confounding Exposures in the Study Populations

Area
Santa
Marta Boyaca Putumayo Nariflo

Valle del 
Cauca

Number of subjects 60 62 60 64 28
Age (mean (SD)) 27.0 (5.6) 29.1 (8 .8 ) 31.4 (7.2) 32.5 (7.4) 33.4 (8.7)

Ethnicity (%)
Mcsli/.o 100 100 88.3 3.1 60.7
African 6.7 96.9 39.3
Indian 5.0

Education (%)
None 4.8 1.7
Primary incomplete 26.7 38.7 53.3 42.2 21.4
Priinaiy complete 21.7 29.0 20 .0 23.4 32.1
High scltool incomplete 25.0 8.1 20 .0 25.0 28.6
High school complete 26.7 19.4 3.3 9.4 17.9
Technical 1.7

Occupation (%)
Agriculture 10.0 41.9 60.0 62,5 7.1
Housewife 40.0 50.0 38.3 34.4 50.0
Other 50.0 8.1 1.7 3.1 42.9

Health insurance (%)
Uninsured 50.0 9.7 36.7 71.9 7.1
Subsidized 38.3 83.9 60.0 18.7 50.0
Insured 11.7 6.4 3.3 9,4 42.9

Coffee consumption (cups/day)
Mean (SD) 1.8 (2.3) 1.7 (0.8) 2.3 (4.1) 1.3 (0.4) 1.7 (1.2)
Percent of population 80.0 67.7 88.3 76.6 82.1

Smoking (%)
Nonsmokers 91.7 95.2 80.0 87.5 92.9

Alcohol (%)
Liquor 28.3 25.8 53.3 78.1 78.6
Beer 51.6 67,7 63.1 82.8 64.3
Guarapo 6.7 59.7 1.7 3.2 10.7

Users o f illicit drags (%) 6.7 0 5.0 7.8 0

Diet
Folic acid intake (pg/wk) 1189 873 750 1160 812

about x-ray examination reported to hav ing been exposed at 
some time; however, only 21 out of 46 who gave information 
on dates of x-ray reported exposure in the last 6  mo before the 
interview and first blood sample. Sixty-one percent of popula
tion reported viral infections, the highest prevalence in Narifio 
(89,5%) and the lowest in Putumayo (49.2%). However. 89.3% 
of viral infections were the common cold and 6 . 1% dengue 
fev er. Hepatitis was reported by six interviewees without any 
specification of the ty pe of the infection.

The means and standard deviations of frequency of MN and 
related parameters according to regions are shown in Table 2

and presented graphically in Figure I. Compared with Santa 
Marta, where people grow organic coffee without the use of 
pesticides and which is considered as a reference area, the 
baseline frequency of BNMN was significantly greater in sub
jects from the other four regions. The highest frequency of 
BNMN was in Boyaca, vvliere no aerial eradication spraying of 
glyphosatc was carried out. and Valle del Cauca. where aerial 
spraying was for maturation of sugar cane. There was no 
significant difference between mean frequency of BNMN in 
Boyaca and Valle del Cauca. There was no significant differ
ence in frequency of BNMN between Putumay o and Nariflo.
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TABLE 2
Mean (SD) Frequency of Binucleated Cells with Micronuclei (BNMN). Total Micronuclei (MNL) per 1000 Binuclcated 

Peripheral Lymphocytes. Frequency of Mononucleated Cells per 1000 Lymphocytes (MNMO). and Proliferation Index (PI) 
by Region before the Exposure (Phase 1). 5 d after Spraying (Phase 2) and 4 ino Later (Phase 3)

Region Santa Marta Boyaca Putumayo Nariflo Valle del Cauca

Pltase 1
Number of subjects 60 62 58 63 28
BNMN 1.83 (0.97) 5.64(1.72) 3.61 (1.51) 4.12 (1.65) 5.75 (2.48)
MNL 1.97(1.05) 6.16(1.91) 3.90(1.66) 4.36(1.85) 6.02 (2.50)
MNMO 0.41 (0.44) 0.99 (0.64) 0.47 (0.51) 0.51 (0.39) 1.1 2 (0 .8 8 )
PI 1.54 (0.14) 1.45 (0.14) 1.68 (0.15) 1.47 (0.12) 1.51 (0.15)

Pluisc 2
Number of subjects ND 55 53 55 27
BNMN 4.96 (2.00) 4.64 (2.45) 5.98 (2.03) 8.64 (2 81)
MNL 5.41 (2.25) 5.02 (2.95) 6.35 (2.18) 8.98(2.93)
MNMO 0.87 (0.65) 0.44 (0.46) 0.70 (0.45) 1.65 (0.62)
PI 1.72 (0.14) 1.6 6 (0 .2 0 ) 1.40(0.18) 1.51 (0.14)

Pliasc 3
Number of subjects ND ND 50 56 26
BNMN 5.61(3.08) 3.91 (1.99) 7.38(2.41)
MNL 5.96 (3.23) 4.13(2.20) 8.17(2.72)
MNMO 0.82 (0.54) 0.55 (0.42) 0.98 (0.60)
PI 1.43 (0.17) 1.41 (0.14) . 1.45(0.20)
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FIG. 1. Box plot o f frequency o f BNMN in the five study regions with samples taken prespray. 4-5 d post-spray. and 4 mo post-spray. Box plots: The center 
horizontal line marks the median o f  the sample, lhe length o f each box shows the range within which the central 50% o f the values fall, with the top and bottom 
o f the box at the first and third quartiles. The vertical T-lines represent intervals in which 90% o f the values fall. The O  symbols show outliers. See text for 
description of statistically significant differences.
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although Boyaca and Valle del Cauca showed a significantly 
higher frequency than Narino and Putumayo. A higher fre
quency of BNMN in Boyaca was also observed in a second 
sampling l mo later.

There were differences in frequency of BNMN between 
sampling periods. A statistically significant difference in fre
quency of BNMN between first and second sampling was 
observed in Valle. Putumay o, and Narino immediately (<5 d) 
after spraying. Four months after spraying in Narino. there was 
a statistically significant decrease in the mean frequency of 
BNMN compared with the second sampling, but in Valle del 
Cauca tire decrease was not significant nor was the increase 
observed in Putumayo significant (Figure 1 and Tabic 2).

The frequency of mononucleated cells with micronuclei 
(MOMN) was used as an index of background lev el of chro
mosomal damage accumulated in vivo (Table 2). The lowest 
frequency of MOMN for the first sampling was observ ed in 
Santa Marta: however, there was no marked difference in fre
quency of MOMN in Santa Marta. Putumayo, and Narino and 
no statistically significant difference between Valle and 
Boy aca. Howev er. Valle and Boyaca had a significantly liigher 
frequency of MOMN titan Putumayo. Narino. and Santa Marla 
at first sampling. Immediately after spraying. Valle showed a 
significantly liigher frequency of MOMN compared to Putumayo 
and Narino. and Narino was also higher titan Putumayo. 
Between first and second sampling, the increase in frequency 
of MOMN in Narino and Valle was statistically significant, but 
there was no difference in Putumay o nor in Boy aca 4 mo after 
the first sampling. Data suggest greater exposure to genoloxic 
agents in these populations is independent of the exposure to 
glyphosaie products.

The proliferation index (PI) in all lltc studied groups was in 
the range of normal values described in the literature. No sig
nificant reduction of PI was observ ed in association with env i- 
ronmental exposures in groups of subjects from the different 
regions. A statistically significant correlation coefficient 
(0.288) between PI values from the first and the second sam
plings was observed, confirming the association with individ
ual characteristics and not with any toxicity related to die 
exposure or to the culture tecluiiques. Due to the low frequency 
observed, data vv idi respect to other nuclear alterations, includ
ing in cy toine analy sis (Fenech. 2007). are not described in 
Table 2: die mean frequency of nucleoplasmic bridges (NPB) 
for all subjects was 0 .0 1 0  per 1000  cells, dial of nuclear buds 
was 0 .022  per 1000  cells, and only rare necrotic and apoptolic 
cells were found in some samples.

Gender was the most important demographic variable 
affecting the BNMN index. Frequencies o f BNMN in females 
were greater than those in males (mean 4.43 ± 2.36 vs. 3.61 ± 
1.82, respectively, in total population) (Table 3). The groups of 
subjects were evenly matched Tor gender by including only 
couples in the study. No association was found between fre
quency of MN and age as a categorical variable, nor was diere 
an association with smoking, but prevalence of smoking w as

low (-10%  in the total population). A higher baseline fre
quency ofM N w as observed in subjects of African origin, sug
gesting greater susceptibility. Other lifestyle factors such as 
alcohol, coffee consumption, or illicit drug intake were not 
associated with initial measures of BNMN and MOMN.

One hundred and thirty-four of the 152 subjects in Narino. 
Putumayo, and Valle reported information on contact with 
Gly plios and Cosmo-FIux after eradication spray ing. The other 
18 did not prov ide information in the second survey or blood 
samples were inadequate for testing micronuclci. Sixty-six 
(49.2.0%) reported no contact with the spray and 68  (50.8%) 
reported coming into contact with the spray because they 
entered spray ed fields or reported contact w ith the spray drop
lets. The mean BNMN in Narino and Putumayo was greater in 
respondents w ho self-reported exposure, but differences were 
not statistically significant (Table 4). In Valle, only one 
respondent reported contact with gly phosate.

Region, gender, and older age (>35 y r) w ere the only vari
ables associated w ith the frequency of BNMN before spray ing 
(Table 5). In fact, using Santa Martha, where no use of pesti
cides was reported, as reference. Boy aca. Valle del Cauca, 
Putumayo, and Nariiio showed a statistically significant higher 
mean frequency of BNMN. There w ere also significant differ
ences between Boy aca and Valle and Putumay o and Narino. 
Females had a statistically higher mean frequency of BNMN 
than males after adjusting for all other variables. Greater age 
was also associated with greater frequency of BNMN. Neither 
exposure to gcnotoxic products, nor etlinicity. nor intake of 
folic acid was associated w ith frequency of BMMN at the first 
sampling. The multiple linear regression analy sis of difference 
between second and first sampling only demonstrated statisti
cally significant association with region after adjusting for all 
other variables, indicating that Putumay o. Narino. and Valle 
had significantly greater differences betw een second and first 
sampling than Boy acá.

DISCUSSION
The main objective of this study was to test whether there 

was an association betw een aerial spray ing of gly phosate and 
cy togenetic alterations, evaluated as frequency of MN in 
peripheral leukocy tes. Bionioniloring was carried out in lliree 
regions of Colombia in populations exposed to aerial spray ing 
of glyphosaie: Putumayo and Nariiio. where the application 
w as performed for eradication of coca and poppy. and Valle del 
Cauca vvliere die herbicide was used for maturation of sugar 
cane. Two control populations not exposed to aerial spray ing of 
gly phosaie w ere also selected: die first one from Sierra Nev ada 
de Santa Marta, where organic coffee is grown without the use 
of any pesticides, and the other from Boy acá. with a region of 
illicit crops, w here manual eradication is performed and sub
jects were potentially exposed to several pesticides but not 
glyphosaie for aerial eradication. The ex vivo analy sis of leu
kocytes in the presence o f cytochalasin B. added 44 h after the
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TABLE 3
Association of Mean (SD) Frequency of Binuclcatcd Cells (First Sampling) with Micronuclci 

(BNMN/1000 Binucleated Lymphocytes) and Demographic Variables

Variable Santa Marta Boyacá Putumayo Nariflo Valle del Cauca Total

Sex
Females 1.98 (1.03) 6.22 (1.79) 3.91 (1.71) 4.57(1.77) 6.45 (2.82) 4.43 (2.36)
Males 1.68 (0.90) 5.06(1.46) 3.31 (1.25) 3.66(1.39) 5.05 (1.94) 3.61 (1.82)
P .236 .007 .131 .028 .138 .002

Age
18-24 yr 2.00(1.14) 5.50(1.96) 3.32(1.25) 3.64(1.72) 6.19(2.15) 3.67 (2.16)
25-34 yr 1.66 (0.87) 5.70(1.66) 3.53(1.17) 4.20(1.77) 4.20 (0.76) 3.97 (2.08)
35 yr and older 1.93 (0.67) 5.62 (1.73) 3.84(1.86) 4.25(1.52) 6.04 (2.84) 4.41 (2.19)
P .438 .929 .574 .564 .313 .093

Ethnicity
Mestizo 1.83 (0.97) 5.64(1.72) 3.72 (1.52) 4.75(1.06) 5.82 (2.44) 3.94(2.24)
Africa and 0 0 2.86(1.31) 4.10(1.66) 5.64 (2.65) 4.20(1.90)
Indian
P .162 .588 .850 .368

Smoking
Yes 2.00(1.06) 5.33 (0.76) 3.31 (1.00) 4.77(1.51) 4.50(1.41) 3.83 (1.60)
No 1.82(0.97) 5.65(1.76) 3.80(1.56) 4.03 (1.66) 5.90 (2.57) 4.07 (2.20)
p .693 

Folic acid intake (quartiles)
.756 .395 . .233 .459 .592

1 1.92 (0.99) 6.11 (1.95) 3.23(1.12) 4.50(1.75) 5.86 (2.34) 3.89 (2.23)
2 1.64 (0.66) 5.70(1.75) 3.47(1.49) 3.80(1.47) 5.86 (2.74) 3.97 (2.21)
3 1.69 (0.92) 5.69(1.82) 4.00(1.37) 3.85 (2.04) 6.58 (2.84) 4.47 (2.22)
4 1.94(1.20) 4.94(1.13) 3.69 (2.429) 4.28(1.51) 4.63 (2.05) 3.75 (1.89)
P .779 .399 .515 .645 ,612 .220

T A B LE  4
Mean Frequency of Binucleated Cells with Micronuclei (BNMN) at the Second Sampling per 1000 Binuclcatcd Lymphocytes 

and Self-Reported Exposures to the Glypltosate Spray in Tliree Areas Where Aerial Application Had Occurred

Route of exposure

Nariiio (« = 55) Putumayo (// = 53) Valle del Cauca (/i = 26)

n Mean BNMN (SD) 11 Mean BNMN (SD) n Mean BNMN (SD)

No exposure 28 5.81 (1.85) 13 3.84 (1.30) 25 8.56 (2.90)
Spray in air 5 7.30 (0.57) 1 5.50 (0)
Spray on skin 8 5.62 (1.60) 15 4.90(1.87) 1 9.50 (0)
Entered sprayed field 14 6.06 (2.77) 24 4.87 (3.18)
p  Value (ANOVA) 0.472 0.612 0.760
Any exposure 27 6.16(2.22) 40 4.90 (2.69) 1 9.50(0)
p  Value (no exposure 0.525 0.181 0.760

vs. any exposure)

Note. Th e  data com prise respondents in  the second survey from  w hich blood sam ples were obtained.
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TABLE 5
Multiple Linear Regression Analysis Adjusted for Region. 

Age. Gender. Ethnicity , and Folic Acid Intake

Variable Coefficient p 95% Cl

Region
Bovacá 3.75 < .0001 3.19.431
Putumayo 1.58 S .0001 1.0 0 . 2.16
Nariflo 2.06 < .0001 1.49.2.64
Valle del Cauca 3.65 < .0001 2.92. 4.39

Age (yr)
25-34 0.28 .250 -0.20. 0.76
35 and older 0.75 .008 0.20. 1.31

Gender
Females 1.00 < 0 0 0 1 0.60. 1.40

start of cultivation, made it possible to distinguish between non
dividing inononucleated cells—as an index of accumulated 
chromosomal damage—and binucleated cells, which had com
pleted one nuclear division during in vitro culture and expressed 
MN associated with recent exposure to genotoxic agents.

The baseline level of chromosomal damage, evaluated as 
frequency of BNMN. was associated with the different regions 
considered in our study. The frequency of BNMN before 
spray ing was also associated with region, gender, and age. 
Gender difference in the background incidence of MN in 
peripheral leukocytes, with the frequency being consistently 
higher in females, and a strong correlation between MN fre
quency and increasing age are well documented (Bonassi el al.. 
1995. 2001: Bolognesi el al.. 1997a).

Data demonstrated no significant effect of smoking, con- 
finning findings from the literature (Bonassi ct al.. 2003) 
although prevalence of smoking in our study population was 
small (7-20%. Table 1). No association with alcohol consump
tion was observed A higher susceptibility of people of African 
origin compared to the mestizo group was suggested by a 
greater baseline frequency of BNMN and increased frequency 
at the second sampling period.

Therc was some indication of an association between 
BNMN and exposure to pesticides in general. The lowest fre
quency of BNMN was observed in Sierra Nevada de Santa 
Marta, where people self-reported that they did not use pesti
cides. The mean frequency of BNMN in this group of subjects 
(1.83 ± 0.97) was similar to that observed in healthy unexposed 
subjects for the same range of age (Bolognesi et al.. personal 
communication). The higher mean frequency of BNMN 
observed in Boyaca and Valle del Cauca (5,64 ± 1.72 and 5.75 
± 2.48. respectively) and that in Nariflo and Putumayo (4.12 ± 
1,65 and 3,65 ± 1.51. respectively), compared to Santa Marla, 
are in agreement with similar biomonitoring studies carried out 
in subjects exposed to pesticides using the MN test or other 
genetic endpoints (Bolognesi. 2003; Bull et al.. 2006).

There was no clear relationship betw een BNMN and llie 
reported use of pesticides classified as genotoxic. Participants 
in Boyaca and Valle del Cauca showed higher frequency or 
BNMN Ilian those in Putumayo and Nariflo. However, a 
greater proportion of participants in the latter regions self- 
reported the use genotoxic pesticides (76.6% in Nariflo and 
61.7% in Puluinavo). There is no information available on 
other relevant factors such as frequency of use. rate applied, 
lime of exposure, and protective measures used, and we could 
therefore not cliaracterize exposures to explain the differences. 
There were further inconsistencies; for example, in Boy aca. 
where more frequent use of pesticides was expected, only 
24.2% of participants self-reported use. compared with the 
greater values in Nariflo and Putumayo. However, it is possible 
that in areas such as Boy aca. individuals might be potentially 
exposed to persistent pesticides applied in the past and still 
present in the environment.

There w as no evidence of an association between BNMN 
and folic acid deficiency . An assessment of folic acid intake 
from the scmiquanlitative food frequency questionnaire 
showed that, according to accepted recommendations (Herbert. 
1987). the diet of the study populations was not deficient in 
folic acid and there were only small differences between 
regions. Consistent with these data, no association was found 
between MN and folic acid intake, either as a continuous vari
able or by quartiles.

The frequency of BNMN increased after spraying with 
glyphosate but not consistently. The results obtained with a 
second sampling, carried out immediately after the gly phosate 
spraying, showed a statistically significant increase in fre
quency of BNMN in the three regions where glyphosate was 
sprayed. However, this was not consistent with the rates of 
application use in the regions. The increase in frequency of 
BNMN in Valle (application rate = 1 kg a.e. glyphosale/lta) 
was greater titan that in Nariflo and Putumay o (3.69 kg a.e. 
glyphosate/lia).

There was no significant association between sc If-reported 
direct contact with eradication sprays and frequency of 
BNMN. The frequency of BNMN in participants who self- 
reported that they were exposed to gly phosate because they 
entered the field immediately after spray ing (to pick the coca 
leav es), felt spray drops in their skin, or they thought they were 
exposed because they had contact w ith the chemical in the air. 
was not significantly greater titan in subjects liv ing in the same 
areas but who were not present during spraying. Decreases in 
frequency of BNMN in die recovery period after gly phosate 
spraying were not consistent. The third sampling. 4 mo after 
spraying, demonstrated a statistically significant decrease in 
frequency of BNMN only in Nariflo.

Overall, these results suggest that genotoxic damage associ
ated vvidt glyphosate spray ing. as evidenced by the MN lest, is 
small and appears to be transient. The frequencies of BNMN in 
Nariflo and Putumayo during the second and the third sampling 
fell within the range of values observed in Boy aca. an area
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wliere people were exposed lo a complex mixture o f different 
pesticides (including glyphosate). A greater increase in fre
quency of BNMN was observed in Valle del Cauca. but it can
not be attributed only to the glyphosate exposure, because the 
application rate of the herbicide in lliis area w as one-tliird com
pared with that in Narifio and Putumayo. This conclusion is 
further supported by the frequency of MN in mononuclealed 
cells (MOMN). winch provides an indication of the back
ground level of chromosomc/genome mutations accumulated 
in vivo (Manteuca et al.. 2006). A statistically significant 
increase of MOMN was observed in Boyaca and Valle del 
Cauca before and sifter the aerial spraying, suggesting exposure 
to other genotoxic compounds in these populations w as inde
pendent o f the exposure lo glyphosate. Evidence indicates that 
the genotoxic risk potentially associated with exposure to 
glyphosate in the areas where the lteibicide is applied for erad
ication of coca and poppy is of low biological relevance. One 
of the strengths of our study was the detection of a transient 
chromosomal damage, evaluated as MN frequency in periph
eral blood of the exposed subjects, since it was possible to 
compare the baseline before spraying with the effects delected 
immediately after spray ing. Gly phosate persists in the env iron
ment Tor only a short lime (half-life for biological availability 
in soil and sediments is hours, and 1-3 d in water: Gicsy cl al., 
2 0 0 0 ). is rapidly excreted by mammals and other v ertebrates 
(Williams ei al., 2000: Acquavclla el a l. 2004) and clironic 
effects, if any. would not be expected.

One of the major drawbacks of env ironmcntal epidemiol
ogy studies is tlie cliaracterizalion of exposures to the agents 
being investigated. In this study two approaches were used to 
characterize exposures lo glyphosate: ecological and self- 
reported. In the ecological study design, frequency of BNMN 
in participants was compared from regions with differenl pat
terns of pesticide use. As previously discussed (Sanin el al.. 
2009). lliis ecological design may result in misclassification of 
exposures (Arbuckle el al.. 2004). but as an exploratory assess
ment of exposure il is useful (Ritter ct al.. 2006).

Others have attempted to improve assessment of exposure 
to pesticides in epidemiological studies. One study used a self- 
administered questionnaire for the assessment of exposure to 
gly phosate. which was defined as (a) ever personally mixed or 
applied products containing gly phosate: (b) cumulative life
time days of use. or ‘'cumulative exposure days” (years o f use 
times day s/year): and (c) intensity-weighted cumulative expo
sure days (years of use times days/y ear limes estimated inten
sity level) (De Roos ct al.. 2005). A pesticide exposure score 
based on self-reported work practices was recently dev eloped 
to estimate annual exposure level (Firth et al.. 2007). Based on 
an algorithm to estimate lifetime exposure to gly phosatc from 
questionnaire information, a moderate correlation was found 
with concentrations of glyphosate in urine and no significant 
correlation with self-reported exposure (Acquavclla el al.. 2004).

In our study, questions related lo whether there was direct 
contact w ilh the spray were used but this did not consider area

of skin exposed, region of skin exposed. dilTcrcnces in rates of 
penetration, or personal hygiene.

Given the situation, the best approach possible, a prospec
tive cohort, vv as used but the need to use better procedures to 
estimate the exposure is acknow lodged. Based on the applica
ble Bradford-Hill guidelines (Hill. 1965), it is not possible to 
assign causality lo the increases in frequency of BNMN 
observed in our study. There was a smaller frequency of 
BNMN and MOMN in the region of no pesticide use com
pared with the regions where pesticides (including gly pho
sate) were used, w hich is consistent with other reports in the 
literature. Although temporality was satisfied in the increase 
in frequency of BNMN after spraying, this response did not 
show strength as il was not consistently correlated with the 
rale of application. Recovery was also inconsistent with 
decreases in frequency of BNMN in the areas of eradication 
spray ing but not in the area w here lower rales were applied 
on sugar cane.

Further studies are needed to better characterize the poten
tial genotoxic risk associated with the application of glypho
sate for sugar cane maturation. The smaller number of subjects 
recruited in this study and small amount of information about 
the exposure precluded any conclusions. Many pesticides arc 
used in conventional agriculture in Colombia and many pesti
cides arc used in the production of coca (Solomon ct al.. 2007a. 
2007b): however, there is nol sufficient information to corre
late the frequency of MN to the pesticide exposure.
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From: Kattirvn Giivton
To: LE CUR1EUX Frank
Cc: AnQy Shapiro; Ross. Mgtth w ; Matt Martin: Lauren Zeise: Rusvn. Ivan
Subject: Re: Thanks!
Date: Friday, March 13, 2015 9:18:56 AM

Dear Frank,

A great suggestion. Unfortunately I, among other toxicologists, don't understand the 
epidemiologists and their exposure compadres. However, I agree that their input (whatever it 
meant) on the Bolognesi study was critical and, in the end, as valuable as "sheep d ip ".;-).

Please enjoy the attached photo; as they say in basketball, "nothing but net". :-).

Draft TLO article coming shortly!

Dear Kate, all,

Thanks for the dream-team qualification, that I  appreciate particularly as a former basket
ball player ©

There is one reflectio n  I had after the plenary session on Tuesday, that I  would like to 
share with you:
Considering the key role that the conclusion of sub-group 4 (mechanisms) may now have in 
some cases (e.g. for upgrading from 2A to 2B), I believe it may be beneficial if sub-group 1 
(exposure) would be involved at some point, and possibly before the plenary, in the analysis 
of the data generated (in vivo) in humans. I am referring to the plenary discussion we had 
on genotoxicity studies on humans for glyphosate (formulation). But this may also apply to 
other endpoints. Hope this may be helpful.

Cheers,
Frank

From: Kathryn Guytonl 
Sent: 13 March 2015 u  
To: LE CU RIEUX Frank; Matthew Ross; Matt Martin; Lauren Zeise; Rusyn, Ivan 
Cc: Andy Shapiro 
Subject: Thanks!
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Dear Frank,

Thank you for your kind words, and for the (fuzzy) pictures! It was wonderful to have you all 
in Lyon and I'm glad we managed to have at least one relaxing evening together. Many thanks 
to Ivan for hosting!

In addition to being the Subgroup 4 "dream team" (Kurt's words!) I also wanted to thank you 
for your outstanding contributions during the Plenary discussion. We were all impressed that 
Matt(s) Martin was able to quickly calculate p values for the C-A trend test to aid 
interpretation of the bioassay data! Moreover, recognising the importance of such analyses 
for interpretation, Andy is busy incorporating standard statistical analyses that would be run in 
the IARC Table Builder for all entered bioassay incidence data. The pairwise (Fischer) and 
trend (Cochran-Armitage) tests would thus be automatically run, albeit it will still be possible 
to enter results of other analyses (e.g., Poly-3 if survival adjustment is possible). I'll be happy 
to share this when Andy is ready, and welcome your feedback.

Meantime, we've been hard at work drafting the Lancet Oncology article. I'l send it around to 
you all soon in a google doc (thank you for that suggestion, Matt!). You can also provide input 
on a Word file. Comments due Monday COB your time.

Hope you all had a very safe return and that re-entry is going well!
Best,
Kate

From: frank lecurieux 
Date: Friday 13 March 2015 08:16 
To: Matthew Ross

"Rusyn, Ivan"

Subject: RE: DZN and GLY: section 6 from sub-group 4 

Dear all,

First, may I repeat that it was a real pleasure to meet and work with you for IARC 
monograph vol 112. I think we made quite a nice team -  Thanks ©

Thanks also for the nice moments we shared during the (little) free time we had in Lyon. As 
promised, here are two photos taken at Ivan's place on Monday evening. The quality of the 
photos is not so good but I  believe the nice atmosphere of the evening clearly shines 
through the photos ...
[please forward the photos to Andy, as I don't have his e-mail address]

Greetings from a sunny but chilly (0 deg celcius) Helsinki,
Take care

l> ,  K a :e  G u y to n  • Matt Martin
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Frank

Frank Le Curieux 
Evaluation - E3 
European Chemicals Agency

Helsinki, Finland

http://echa.europa.eu

The above represents the opinion of the author and is not an official position of the European Chemicals 
Agency. This email, including any files attached to it, is intended for the use of the individual to whom it is 
addressed. If  you have received this message in error, please notify the author as soon as possible and 
delete the message.

This m essa g e  a n d  its a ttach m en ts a re  s tr ic tly  con fiden tia l. I f  y o u  a re  not 
the in ten d ed  rec ip ien t o f  th is m essage, p le a s e  im m ed ia te ly  notify  the sen d er  
a n d  d e le te  it. S ince its in teg rity  can n ot he gu aran teed , its con ten t cannot 
in vo lve  th e  sen der's respon sib ility . A n y m isuse, a n y  d isc lo su re  o r  pu b lica tion  
o f  its con ten t, e ith er  w h ole  o r  p a rtia l, is  p ro h ib ited , excep tion  m ade o f  

fo rm a lly  a p p ro v e d  use.

http://echa.europa.eu
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From:
To:

Kathryn Guyton
Jahnke. Gloria (N1H/NIIEHS1ÎE1:

Calaf. Gloria
Cc:
Subject:
Date:

Kurt Straif: Dana Loomis 
Gtyphosate- information requests 
Friday, April 1, 2016 7:02:10 AM

Dear Vol 112 Working Group members,

It has been brought to our attention that two state universities in the US have received 
information requests, issued under US state open records laws, concerning the IARC 
evaluation of glyphosate. IARC is not in a position to offer legal advice to you or your 
institution concerning these requests. However, it is the position of IARC that all draft 
documents and materials prepared by the Working Group in advance of or during the in- 
person Monograph meeting are to be considered draft and deliberative. Working Group 
members prepare these materials on behalf of IARC, and not as part of their official 
employment duties for a state or federal institution, and IARC is the sole owner of all such 
materials. IARC does not encourage participants to retain working drafts o f documents after 
the related Monograph has been published.

We hope this information is helpful to you.

With kind regards,
Kate
Kate Z. Guyton PhD DABT
Responsible Officer, Volume 112 
Monographs Section
International Agency for Research on Cancer 
150, cours Albert Thomas 
69372 Lyon Cedex 08

This message and its attachments are strictly confidential. If you are not 
the intended recipient of this message, please immediately notify the sender 
and delete it. Since its integrity cannot be guaranteed, its content cannot 
involve the sender's responsibility. Any misuse, any disclosure or publication 
of its content, either whole or partial, is prohibited, exception made of
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International Agency for Research on Cancer

World Health 
Organization

150 cours Albert Thomas 
69372 Lyon cedex 08, France
Office of the Director of 
Administration and Finance

http://www.iarc.fr

Ref.: IMO/75/1/-0 07 April 2016
w/as

Dear Working Group Members,

I  ARC Monographs on the Evaluation of Carcinogenic Risks to Humans Volume 112: 
Some Organophosphate Insecticides and Herbicides: Diazinon, Glyphosate, 

Malathion, Parathion, and Tetrachlorvinphos

It has come to our attention that some members of the Working Group of the above-mentioned 
IARC Monographs Volume 112, or their institutes, received requests for disclosure of documents 
relating to their work as members of the Working Group.

As a member of the Working Group, we would like to bring to your attention that all documents 
in your possession, or your institute's possession, relating to your work as a member of this 
Working Group are documents of the International Agency for Research on Cancer (IARC).

This is also to inform you that, taking into account the status of IARC, which is a part of the World 
Health Organization (WHO) -  an international organization established by treaty and subject to 
international law -  any disclosure of IARC documents in your, or your institute's possession, 
including any related communications, would be contrary to Its privileges and immunities. 
Moreover, insofar as any such document Is a draft document or contains comments on draft 
documents, these are not intended for further circulation or citation. Furthermore, disclosure of 
information about the contribution of individual experts (including all members of the Working 
Group) to the Monographs Volume 112 and any related communications would be prejudicial to 
the work of IARC/WHO. The development of monographs requires the free and confidential 
exchange of views and information, bearing also in mind that the entire monograph is the joint 
product of a Working Group and there are no individually authored sections.

For all of the above reasons, IARC requests you and your institute to not release any documents 
in your, or your institute's possession relating to your work in the capacity as a member of the 
Working Group. Should you or Institute have any doubt, please contact us -  or please ask your 
institute to contact us - urgently by email to imo@iarc.fr. before responding to any request for 
disclosure of IARC documents.

Thank you for your cooperation.

Yours faithfully,

Angkana Santhiprechachit
Director of Administration and Finance, ad interim

http://www.iarc.fr
mailto:imo@iarc.fr
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L i s t  o f  P a r t i c i p a n t s

Working Group Members and Invited Specialists served in their individual 
capacities as scientists and not as representatives of their government or any 
organization with which they are affiliated. Affiliations are provided for 
identification purposes only.

Members

Isabelle Baldi, University of Bordeaux, France
Aaron Blair, National Cancer Institute, USA [retired] (Overall Chair)
Gloria M. Calaf, Tarapaca University, Chile
Peter P. Egeghy, U.S. Environmental Protection Agency, USA1 (Unable to attend)
Francesco Forastiere, Regional Health Service of the Lazio Region, Italy (Subgroup Chair, 

Cancer in Humans)
Lin Fritschi, Curtin University, Australia (Subgroup Chair, Exposure)
Gloria D. Jahnke, National Institute of the Environmental Health Sciences, USA 
Charles W. Jameson, CWJ Consulting, LLC, USA (Subgroup Chair, Cancer in Experimental 

Animals)
Hans Kromhout, Utrecht University, The Netherlands 
Frank Le Curieux, European Chemicals Agency, Finland 
Matthew T. Martin, U.S. Environmental Protection Agency, USA 
John McLaughlin, University of Toronto, Canada
Teresa Rodriguez, National Autonomous University of Nicaragua, Nicaragua (Unable to 

attend)
Matthew K. Ross, Mississippi State University, USA
Ivan I. Rusyn, Texas A&M University, USA (Subgroup Chair, Mechanisms)
Consolato Maria Sergi, University of Alberta, Canada 
Andrea ‘t Mannetje, Massey University, New Zealand 
Lauren Zeise, California Environmental Protection Agency, USA

Invited Specialists

Christopher J. Portier, Agency for Toxic Substances and Disease Registry, USA [retired]2

1 Peter P Egeghy received “in kind” support and reimbursement of travel expenses of on average less than 
US $2,000 per year during the last 4 years from participation in meetings sponsored by the American 
Chemistry Council, an industry trade association for American chemical companies, and the Health and 
Environmental Sciences Institue (HESI), a nonprofit scientific research organization based in Washington 
and funded by corporate sponsors.

2 Christopher J Portier receives a part-time salary from the Environmental Defense Fund, a Up 
based nonprofit environmental advocacy group.
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Representatives of national and international health agencies

Amira Ben Amara, National Agency for Sanitary and Environmental Product Control, 
Tunisia (Unable to attend)

Catherine Eiden, U.S. Environmental Protection Agency, USA (Unable to attend) 
Marie-Estelle Gouze, for the French Agency for Food, Environment and Occupational Health 

and Safety, France
Jesudosh Rowland, U.S. Environmental Protection Agency, USA

Observers

Mette Kirstine Boye Jensen, for Cheminova A/S, Denmark3 
Béatrice Fervers, for the Léon Bérard Centre, France 
Elodie Giroux, University Jean-Moulin Lyon 3, France 
Thomas Sorahan, for Monsanto Company, USA4 5
Christian Strupp, for the European Crop Protection Association, Belgium '
Patrice Sutton, for the University of California, San Francisco, Program on Reproductive 

Health and the Environment, USA6

IARC secretariat

Lamia Benbrahim-Tallaa, Section of IARC Monographs
Rafael Carel, Visiting Scientist, University of Haifa, Israel, Section of IARC Monographs
Fatiha El Ghissassi, Section of IARC Monographs
Sonia El-Zaemey, Section of the Environment and Radiation
Yann Grosse, Section of IARC Monographs
NeelaGuha, Section of IARC Monographs
Kathryn Guyton, Section of IARC Monographs (Responsible Officer)
Charlotte Le Cornet, Section of the Environment and Radiation 
Maria Leon Roux, Section of the Environment and Radiation

3 Mette Kristine Boye Kristensen is employed by Cheminova A/S, Denmark, a global company 
developing, producing and marketing crop protection products.

4 Tom Sorahan is a member o f the European Glyphosphate Toxicology Advisory Panel, and received 
reimbursement o f travel cost from Monsanto to attend EuroTox 2012.

5 Christian Strupp is employed by ADAMA Agricultural Solutions Ltd, Israel, a producer o f Diazinone 
and Glyphosphate.

6 Patrice Sutton’s attendance o f this Monographs meeting is supported by the Clarence E. Heller Charitable 
Foundation, a philanthropic charity with a mission to protect and improve the quality o f life through 
support o f  programs in the environment, human health, education and the arts.
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Dana Loomis, Section of IARC Monographs 
Heidi Mattock, Section of IARC Monographs (Editor)
Chiara Scoccianti, Section of IARC Monographs
Andy Shapiro, Visiting Scientist, Section of IARC Monographs
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HEYDENS, WILLIAM F [AG/1000]

Sent:
To:
Cc:

From: Thomas Sorahan 
Saturday, March
FARM ER, DONNA R [AG/1000]; Strupp Christian; Mette K Jensen 
H EYD EN S, WILLIAM F [AG/1000]
RE: EPA  openly discussed IARC findings at a C LA  meeting on ThursdaySubject:

Dear Donna

I understand your concerns about early release of information. We can 
discuss the issues you raise in more detail on Monday, but here are 
some immediate responses.

I do know of instances where observers at IARC felt they had been 
treated rudely or brusquely at Monograph meetings. That was not the 
case for me at Vol 112. I found the Chair, sub-chairs and invited 
experts to be very friendly and prepared to respond to all comments I 
made. Indeed, I think questions the epi sub-panel asked me about my 
recent multiple myeloma paper (Sorahan, 2015) were instrumental in not 
having multiple myeloma included on the charge sheet.

In my opinion the meeting followed the IARC guidelines. Dr Kurt 
Straif, the Director of the Monographs programme, has an intimate 
knowledge of the IARC rules and insists these are followed.

As you say, there are background sections in the Monograph preambles 
and presumably on the IARC website as to how the IARC process is 
supposed to work. The recent EHP paper you have by Pearce et al (the 
124 author effort) is also good for describing how things are supposed 
to work (about the only thing it is good for).

I suppose the main difference between IARC evaluations and most 
national agency guidelines is that IARC has nothing to say (directly) 
about potency and appropriate exposure limits.

As you know, the Working Group (WG) only has four choices for 
evaluating the human data (evidence of no carcinogenicity [in 
practice, protective effect], inadequate, limited, sufficient). The WG 
chose limited for NHL and glyphosate, but it is not clearly laid down 
what is the difference between the upper band of inadequate and the 
lower band of limited. As far as I can see, this is left to each WG to 
decide on its own.

Confidential - Produced Subject to Protective Order



These remarks are all confidential and I do not wish to be referenced 
in any document from your PA/PR people. But I am happy to assist in 
formulating statements that you may wish to make (eg "The company does 
not accept there is credible evidence that glyphosate use can cause 
NHL. Indeed in the single most important study into the health of 
pesticide applicators (the AHS) there is no excess of NHL in all 
applicators when compared to State cancer incidence rates, no excess 
in glyphosate users compared to non-users, and no trend of NHL 
increasing with extent of use"). I'm sure Elizabeth Delzell will be 
going into some detail in comparing the NHL findings from the case- 
control studies and from the AHS, in her proposed meta-analysis.

Tom
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---- Original Message----
From: FARMER, DONNA R [AG/1000]
Sent: 14 March 2015 02:25 
To: Thomas Sorahan; Strupp Christian; Mette K. lensen 
Cc: HEYDENS, WILLIAM F [AG/1000]
Subject: EPA openly discussed IARC findings at a CLA meeting on 
Thursday

Tom, Christian and Mette,

One of our colleagues was on a CLA call with other companies, EPA and 
PRMA for the Residue Experts Work Group at the DOW office yesterday. 
The EPA person opened the meeting by telling the group that an EPA 
Observer (less Rowland) was in the meeting, reported back to EPA Staff 
that IARC classified 3 pesticides as 2a and then he named diazinon, 
malathion and glyphosate. When asked by our colleague that it was our 
understanding that that information was under embargo wasn't that his 
understanding as well...he said he was not told to keep the 
information embargoed. The EPA person said the EPA is not IARC, he 
was providing this report, without comment. The subject was not on 
the agenda; he offered up without asking.
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Micronuclei and pesticide exposure
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Micronucleus (MN) is a biomarker widely used in biomoni
toring studies carried out to determine the genetic risk 
associated to pesticide exposure. Many in vitro and in vivo  
studies, as well as epidemiological approaches, have demon
strated the ability of certain chemical pesticides to produce 
genetic effects including cancer and other chronic pathol
ogies in humans; thus, biomonitoring studies have been 
carried out to characterise the genetic risk associated 
to pesticide exposure. It must be noted that ‘pesticide ex
posure’ is a broad term covering complex mixtures of 
chemicals and many variables that can reduce or poten
tiate their risk. In addition, there are large differences in 
pesticides used in the different parts of the world. Although 
pesticides constitute a wide group of environmental 
pollutants, the main focus on their risk has been addressed 
to people using pesticides in their working places, at the 
chemical industry or in the crop fields. Here, we present a 
brief review of biomonitoring studies carried out in people 
occupationally exposed to pesticides and that use MN in 
lymphocytes or buccal cells as a target to determine the 
induction of genotoxic damage. Thus, people working in 
the chemical industry producing pesticides, people spray
ing pesticides and people dedicated to floriculture or 
agricultural works in general are the subject of specific 
sections. MN is a valuable genotoxic end point when clear 
exposure conditions exist like in pesticide production 
workers; nevertheless, better study designs are needed to 
overcome the uncertainty in exposure, genetic susceptibil
ity and statistical power in the studies of sprayers and 
floriculture or agricultural workers.

active compounds, are characterised by various degrees of 
toxicity also to non-target species, including human beings. 
Most pesticides are acutely toxic to humans. Cases of acute 
pesticide poisonings account for significant morbidity and 
mortality worldwide, especially in developing countries, where 
the pattern of pesticide use is different (2,3).

Chronic health effects have been associated to pesticide 
exposure, including neurological effects, reproductive or 
development problems and cancer. Epidemiological studies 
on farmers, pesticide manufacturers, pesticide sprayers and on 
accidentally exposed industrial workers or residents have 
shown that exposure to pesticides may increase the risk of 
site-specific cancers. Increased risks have been detected for 
brain cancer, leukaemia and Ewing’s bone sarcomas, kidney 
cancer, acute leukaemia, soft tissue sarcoma, non-Hodgkin’s 
lymphoma, brain cancer, testicular, colorectal, endocrine 
glands and brain cancers in children exposed to pesticides in 
their home or whose parents were occupationally exposed to 
pesticides (4). Reproductive effects (5,6), developmental prob
lems and very recently neurodegenerative disorders, such as 
Parkinson (7,8) and Alzheimer disease (9,10), have been also 
associated to occupational exposure to pesticides. Many pesti
cides involved in carcinogenic risk, and classified as probable 
or possible carcinogens by the International Agencies, were 
banned or their use was restricted in some countries; but, due to 
their bioaccumulation and persistence in the ecosystems, they 
are widespread environmental pollutants. Residues of these 
pesticides have been detected in the food chain and in different 
biological media in humans.

At present, the regulations concerning the introduction of 
plant protection products on the market in the developed 
countries (e.g. Dir. 91/414/EEC, EPA Regulations) involve the 
evaluation of all the active substances in a pesticide product. 
Pesticides containing substances that are carcinogenic (except 
for those with a threshold mode of action) and/or genotoxic 
are not allowed to be placed on the market and for already 
authorised compounds, if new data become available showing 
that the substances may have these potentials, they will be 
withdrawn from the market. Acute and chronic effects are 
determined by observing symptoms in test animals, resulting 
from lifetime exposure to the active substances. However, 
delayed adverse health effects can be often identified or con
firmed only through epidemiological studies in occupationally 
exposed populations.

Genotoxicity risk of pesticide exposure

Introduction
A huge number of synthetic pesticides have been introduced in 
the market since the mid-1940s. At present, the pesticide 
manual includes 900 main entries and lists over 2600 products 
(1). Pesticides, as a heterogeneous category of biologically

Genotoxic potential is a primary risk factor for long-term 
effects, such as carcinogenic and reproductive toxicology and 
degenerative diseases. Biomonitoring studies focusing on 
genomic modifications have been carried out in pesticide- 
exposed populations from different countries to elucidate the 
risk associated to the exposure to specific compounds or classes 
of compounds or to specific cultivation practices (11,12).

© The Author 2010. Published by Oxford University Press on behalf of the U K  Environmental 
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Among them, several studies employing the micronucleus 
(MN) test in peripheral lymphocytes or in exfoliated buccal 
mucosa cells are available in the last decades. Occupational 
exposure is the normal source of information on the risk 
associated to pesticide exposure. Nevertheless, this exposure 
usually involves complex mixtures of pesticides belonging to 
different chemical classes varying with the type of crop, the 
season and the geographical area

Taken into account the complexity of these exposures, in this 
review, we have structured the studies applying the MN test in 
peripheral blood lymphocytes (PBL) according to the following 
topics: (i) results obtained in people working in the chemical 
industry producing pesticides, (ii) studies on pesticide sprayers, 
(iii) studies in floriculturists and (iv) studies in agricultural 
workers not included in the previous sections. A further section 
(v) includes studies that have used the MN assay in buccal cells.

MN in PBL of workers from pesticide industries
The available studies on workers from pesticide industries 
showed a statistically significant increase of MN frequency in 
PBL (Table I). The MN frequency in 41 workers exposed to 
chlorinated compounds, including hexachlorobenzene (HCB) 
in Sao Paulo (Brazil), is significantly higher than in controls, 
showing also a correlation with working time and with serum 
concentration of HCB (13). Two studies carried out in Croatia 
in workers exposed to 2,4-dichlorophenoxyacetic acid (2,4-D), 
atrazine, alachlor, cyanazine and malathion, during the process 
of production, show significant increases in the MN frequency 
after 8 months of high exposure (14,15). In a recent study carried 
out in Pakistan with workers from an industry producing pesti
cides, belonging to the organophosphate and pyrethroid classes, 
significant increases in the MN frequency were observed in 
workers, showing a linear correlation with length of exposure (16).

MN in the PBL of pesticide sprayers
Pesticides sprayers are directly involved in treating specific pests 
by spraying/fumigating the crops and represent the most exposed 
group among the agricultural workers. Among sprayers, we can 
find w'orkers applying specifically one or few pesticides, while 
others use mixtures of pesticides. The biomonitoring studies 
concerning the use of one or few pesticides are all related to 
professional applicators working under controlled conditions: no 
increase in chromosomal damage was observed (Table lia). The 
frequency of MN in a group of 31 fiimigators of commercial 
grain stores in Australia using phosphine was not significantly

different to that observed in controls, indicating a lack of genotoxic 
risk keeping low levels (2.4 p.p.m./h) of exposure (17).

Two studies were conducted in California (USA) with 
workers involved in the Mediterranean Fruit Fly Eradication 
Program. In 38 intermittently malathion-exposed sprayers, no 
increase in the frequency of MN in PBL was detected (18). In 
a second study, a slight but significant increase in the MN 
frequency was observed in workers exposed to malathion for 
>50 h during the last 8 months or with levels of malathion 
diacid >100 p.p.b. (19).

Methyl bromide fumigators have also been the subject of 
a biomonitoring study testing the levels of MN in lymphocytes 
(20). This study was carried out in USA and no increases were 
observed in the MN frequency of fumigators. These negative 
findings contrast with those observed in the same group of 
workers, when the frequency of MN was measured in orop
haryngeal cells and when hypoxanthine-guanine phosphor
ibosyl transferase gene (HPRT) mutations were measured in 
lymphocytes.

No genotoxic risk was associated to the herbicide 2,4-D 
exposure as evaluated in a group of sprayers from eastern Kansas 
(USA): no significant difference in MN frequency was observed 
between workers and controls and before and after the spraying 
period (21). A biomonitoring study carried out with 11 fttmi- 
gators at the tobacco fields in western Greece, using metalaxil as 
fungicide and imidacloprid as insecticide, did not show any 
significant increase in the frequency of MN in PBL (22).

The studies carried out with sprayers applying complex 
mixtures of pesticide (Table lib) include heterogeneous popu
lations involved in cultivation of different crops, hi sanitisation 
and indirectly exposed by aerial spraying. Four of five studies 
give positive results. Significant increases of MN associated to 
the duration of exposure were observed in a study carried out 
with sprayers from central Italy (23). A study conducted in 
vineyards workers from Serbia, applying mainly insecticides 
and fungicides, showed higher MN frequency compared to 
controls 1 month after the start of the spraying period, with a 
further increase at the end of the spraying season (24). No 
significant effects were observed in workers from Concepción 
(Chile), who sprayed a variety of pesticides, mainly the 
insecticides deltamethrin and dichlorvos (25).

Positive effects were also reported in a group of sanitation 
workers from Belo Horizonte (Brazil), using different pesti
cides including organophosphates and pyrethroid insecticides, 
as well as hydroxycoumarinic rodenticides. No time exposure 
association was found (26).

Table I. Biomonitoring studies using peripheral blood lymphocytes from human populations exposed to pesticides: M N in chemical plant workers

Study
subjects/
controls

Exposure (chemicals) Duration
(years)

Result (fold difference 
versus controls)

PPE Time
dependence

Country Reference

41/28 Chlorinated compounds, 
including H C B

9 Pos (+3 .6) N A No evaluated Brazil da Silva Augusto 
et al. (13)

20/20 Pesticide production limited to 
8 months/year (2,4-D, atrazine, 
alachlor, cyanazine, malathion)

4-30 Pos; after 8 months of high 
exposure (+3.63), after 8 months 
of non-exposure (+1.86)

N A Yes Croatia Garaj-Vrhovac 
and Zeljezic (14)

10/20 Pesticide production limited to 
8 months/year (2,4-D, atrazine, 
alachlor, cyanazine, malathion)

4 30 Pos (+7 .9) N A No evaluated Croatia Garaj-Vrhovac 
and Zeljezic (15)

35/29 Complex mixtures, mainly
organophosphates and pyrethroids

3-18 Pos (+2.06) No Yes Pakistan Bhalli et al. (16)

N A , not available; PPE, persona) protective equipment.

20

MONGLY02590293

Dow
nloaded from

 m
utage.oxfordjournals.org by Katherine Carr on Decem

ber 17, 2010



Case 3:16-md-02741-VC Document 656-7 Filed 10/28/17 Page 388 of 398
MN and pesticide exposure

Table I I .  Biomonitoring studies using peripheral blood lymphocytes from human populations exposed to pesticides: M N in pesticide sprayers

Study
subjects/
controls

Exposure (chemicals) Duration
(years)

Result (fold difference 
versus controls)

P P E Time
dependence

Country Reference

a) Exposure to single pesticide
31/21 Fumigators: phosphine (2.4 p.p.m. 1.5-32 Neg N A N A Australia Barbosa and

38/16
in enclosed spaces)

Medfly eradication programme: N A Neg, after spraying N A N A U SA
Bonin (17) 

Titenko-Holland

1992 cohort,

malathion, exposure below the 
genotoxic dose

Medfly eradication programme: N A

season (no correlation 
with metabolites 
in urine)

Pos (+1.4), malathion N A N A U SA

et al. (18) 

Windham
13/4,
1993 cohort, 
24/10 

31/27

malathion fumigations 

Fumigant appliers: methyl bromide 0.3-22

diacid, > 1 0 0  p.p.b. in 
urine (+1.58), Neg

Neg N A No U SA

et al. (19) 

Calvert et al. (20)
12/9 Pesticide applicators: 2,4-D (240 + Discontinuous Before and after Yes No U SA Figgs et al. (21)

11/11
100 p.p.b.), 12-1285 p.p.b. 

Tobacco fields sprayers using
use

23.64 ±  4.1.3
Neg

Neg Yes (50%) No Greece Vlastos et al. (22)
metalaxyl and imidacloprid

b) Exposure to mixture of pesticides
48/50 Farmers (cereals, fruits, vegetables): 4-50 Pos (+1.20) Yes (29%) Pos Italy Pasquini et al. (2.3)

27/20
pesticide mixture

Vineyard workers: pesticides most used: 12.1 Pos (+7.67) end of N A Pos Serbia Joksic et al. (24)

22/16
diazinon and dithiocarbamate 

Pesticides most used: bromadialone, 7
spraying season 

Neg N A
(P =  0.016) 

N A Chile Venegas et al. (25)

29/30

captan, deltamethrin, diazinon 
dichlorvos, linuron, methamidophos 

Sanitation workers. Com plex mixtures 23.64 ±  4.1 Pos (+3.35) Yes Neg Brazil Kehdy et al. (26)

62/60
and types of application 

Pesticide mixture
(1.5 18) 

N A Pos (+2.71) N A N A Colombia Bolognesi et al. (27)
60/60

64/60
28/60

Glyphosate aerial spraying for 
control o f illicit crops

Glyphosate aerial spraying for 
sugar cane maturation

Pos (-1-2.53)

Pos (+3.26) 
Pos (+4.72)

Neg, negative; Pos, positive; PP E, personal protective equipment.

A recent study was carried out in Colombia to investigate the 
health effects associated with glyphosate exposure, in the aerial 
spraying programme for control of illicit crops and in the 
maturation of sugar cane in comparison with the exposure to 
pesticide mixture (27). In regions where glyphosate was being 
sprayed, blood samples were collected prior, during and 4 
months after spraying. Results showed significant increases in 
MN frequency after glyphosate exposure, mainly when it is 
applied for maturation of sugar cane.

MN in PBL of floriculturists
Floriculturists are involved in the production of flowers and 
ornamental plants, which are commonly treated with high 
quantities of agrochemical formulations in greenhouses.

Several studies have been carried out with this collective 
(Table III), mainly in Italy, where in 1993, one study was per
formed in the region of Liguria (Northwest of Italy). This study 
carried out with 71 workers showed significant increases in the 
frequency of MN in people occupationally exposed to pesti
cides. The MN frequency showed a dose-response relationship 
with duration of exposure, with a maximum increment of 71% 
in the MN frequency in subjects exposed for over 30 years 
(28,29). Further studies in this population indicated that the 
conditions of exposure influenced the MN frequency. Thus, 
increased relative risks (RR) in greenhouse workers (RR = 
1.31) and in people working alternately in the greenhouse and

in the open field (RR = 1.46) were observed with respect to the 
reference population (30).

A further study in the same area and by the same group was 
carried out in workers producing ornamental plants and vege
tables. A statistically significant increase in the MN of 107 
floriculturists was detected with respect to the control popu
lation, and a positive correlation between years of farming and 
MN frequency was observed. The conditions of exposure were 
also associated with an increase in cytogenetic damage, with 
a 28% higher MN frequency in greenhouse workers compared 
with subjects working only in open fields. Finally, workers not 
using protective measures during high exposure activities 
showed an increase in the MN frequency (34).

To determine the mechanisms producing MN, 52 floriculturists 
and 24 controls were evaluated by using the cytokinesis-block 
methodology associated with fluorescence in situ hybridisa
tion with a pan-centromeric probe that allowed distinguishing 
centromere-positive (C+) and centromere-negative (C—) MN. 
The percentage of C+ MN was not related to the duration of 
exposure or to the number of genotoxic pesticides used, but a 
higher percentage (66.52 versus 63.78%) was observed in a sub
group of subjects using benzimidazolic compounds compared 
with the floriculturist population exposed to a complex pesticide 
mixture not including benzimidazolics (35).

Two other studies including floriculturists were carried in 
Tuscany (Central Italy). In this area, floriculturists used 
many different formulations and performed two types of
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Table I I I .  Bioinonitoring studies using peripheral blood lymphocytes from human populations exposed to pesticides: M N in floriculturists

Study
subjects/
controls

Exposure (chemicals) Duration
( years)

Result (fold 
difference 
versus controls)

PPE Time
dependence

Country Reference

71/75 Complex pesticide mixtures 2-55 Pos (1.29) Yes Yes Italy Bolognesi et a i  (28-30)
43/41 Greenhouse workers: > 1 0 0  

agrochemical formulations
N A Neg N A N A Italy Scarpato et al. (31)

23/22 Greenhouses using: benzimidazoles, 
carbamates, diphenylethanoles, 
dithiocarbamates, organophosphates, 
thiophthalimides

N A Neg Yes N A Italy Scarpato et a i  (32)

34/33,
17/-
highly
exposed
sprayers

Greenhouse workers: complex 
mixtur e o f pesticides

7-41 Neg, Pos (+1.22) Yes N A Italy Falck et al. (33)

107/61 Greenhouse and open 
field workers

2-70 Pos (+1.45), 
greehouses/open 
field (+1.22),
No PPE/PPE (+1.17)

Yes (15%) Yes Italy Bolognesi et al. (34)

51/24 Greenhouses (80%) and open field 
(20%) using > 5 0  different pesticides

26.3 ±  14.5 Neg N A Yes Italy Bolognesi et al. (35)

31/30 Women field workers, 
complex mixtures

10.97 (2-22) Pos Yes (49.2%) No Colombia Varona et al. (36)

Neg, negative; Pos, positive; PPE, personal protective equipment.

work: culture treatment (mixing and spraying of pesticides) or 
re-entry activities (cutting and harvesting flowers several hours 
after the end of pesticide spraying). MN frequency in PBL 
from the floriculturists did not show differences compared with 
controls (31). Blood samples obtained during and 1 month after 
the end of intensive pesticide treatments were analysed to cover 
a period of high and low exposure, respectively, but no effect 
of pesticide exposure was detected. Each donor was genotyped 
for polymorphisms in the GSTMI, GSTT1 and NAT2 genes, 
involved in xenobiotic metabolism, but no association was ob
served between MN frequency and the genetic polymorphisms 
analysed (32). Nevertheless, a subsequent study showed that 
GSTMI positive and NAT2 fast appear associated to MN 
increases (33). Finally, a study carried out in Colombia with 
women working in open fields observed significant increases in 
MN associated to pesticide exposure (36).

MN in PBL of agricultural workers
A survey of studies carried out in agricultural workers is shown 
in Table IV. A first study was carried out in Italy with open 
field and greenhouse workers exposed to complex pesticide 
mixtures, but no effects were detected (37). Negative results 
were also obtained in seasonal farm workers from British 
Columbia (Canada) harvesting berry crops. Subjects were 39 
females of South Asian descent, 18 farm workers and 21 age- 
matched controls. Interestingly, the highest frequency of MN 
cells was foimd in the group with the longest history of employ
ment as a farm worker. In addition, farm workers had a lower 
frequency of kinetochore-positive MN than controls (38).

Two studies were carried out in the south-eastern of Spain. 
PBL samples from 64 workers exposed to complex mixtures of 
pesticides did not show any increase in the frequency of MN. 
This lack of genotoxic effects did not change when agricultural 
workers were classified according their genotypes for GSTMI 
and GSTT1 (39). A follow-up study, carried out with 39 
greenhouse workers from the same group, compared the effects 
of high exposure (spring-summer) and lower exposure

(autumn-winter). Results indicated that no statistically signif
icant differences in the MN frequencies were found neither 
between the two sampling periods nor between the exposed 
and controls (44).

The same research group carried out three different studies 
with three other European populations in Poland, Greece and 
Hungaiy. Neither the Poland group (49 subjects) nor the 
Greece (50 workers) and the Hungarian group (84 workers) 
presented significant increases in MN frequency in their PBL 
(41-43). In spite of this lack of genotoxic effects, decreases in 
the cell proliferation index were observed, indicating some type 
of effect related to pesticide exposure. A summing up study 
was carried out with the above-cited populations, including 239 
agricultural workers and 231 unexposed controls. The results 
indicated that, for the overall population, there were no in
creases in MN frequencies in the agricultural workers when 
compared with the controls (45).

In a study carried out in Costa Rica in banana farms, no 
increases in MN frequency were observed in women, exposed 
for at least 4 months to the commonly applied compounds imal- 
zalile, thiabendazole and chlorpyriphos. Nevertheless, women 
with a high frequency of abortions showed increased frequencies 
of MN (40).

The Bio-Bio Region is a major fruit-growing area of Chile 
that makes intensive use of agricultural pesticides. In a group 
of 64 females harvesting and packing different significant 
increases in MN frequency were found without correlation with 
the duration of exposure (46). A statistically significant in
crease in MN frequencies was observed in a small group of 11 
agricultural workers growing vineyards and olive trees in Crete 
(Greece) and exposed to complex mixtures of pesticides (47).

A study with 15 agricultural workers from Kentucky (USA), 
exposed for 6 months to several pesticides, showed a 76% 
increase in the average MN frequency in lymphocytes. In 
addition, MN frequency peaked during the period of highest 
exposure (48). In a biomonitoring study with 28 agricultural 
workers from the region of the Atoyac River (Mexico), 
increase in the MN frequency was observed, with higher values
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Table IV . Biomoniforing studies using peripheral blood lymphocytes from human populations exposed to pesticides: M N in agricultural workers

Study Exposure (chemicals) Duration Result (fold PP E Time Country Reference
subjects/ (years) difference dependence
controls versus controls)

62/29 Open field and greenhouse workers. 
Complex pesticide mixtures

2-52 Neg N A Yes Italy Bolognesi et a i  (37)

18/21 Berry pickers exposed mainly to 1-24 Neg N A Yes Canada Davies et al. (38)
simizine, paraquat, napropamide, 
glyphosphate captan, triforine, 
diazinon, malalhion, carbofuran, 
endosulfan

64/50 Greenhouse workers. Complex 9.82 ±  1.0 Neg Yes (80%) No Spain Lucerò et ai. (39)
pesticide mixture

32/37 Banana farms. Imalzalile and > 4  consecutive Neg N A No Costa Rica Ramirez and
thiabenzadole (fungicides) and 
chlorpyriphos (insecticide)

months Cuenca (40)

49/50 Greenhouse and open field: 16.28 ±  1.1 Neg Yes (78%) N A Poland Pastor et al. (41)
vegetables and ornamental plants

50/66 Open field: vegetables and ornamental 8.62 ±  1.13 Neg Yes (62%) N A Greece Pastor et a i  (42)
plants

84/65 Open field/greenhouse workers: 18.75 ±  0.89 Ncg Yes (85%) N A Hungary' Pastor et al. (43)
pesticide mixture

39/22 Greenhouse workers 8.31 ±  1.12 Neg Yes (93%) No Spain Pastor et ai. (44)
239/231 Open field/greenhouses. Complex 13.92 ±  0.58 Neg Yes No Spain, Greece, Pastor et al. (45)

pesticide mixtures Hungary,
Poland

64/30 Thinning and pruning fruit trees. 8 ±  4.8 Pos (+3.72) No N O Chile Màrquez et al. (46)
harvesting and packaging fruits

11/11 Vineyards and olive tree cultures. 26.45 ±  3.38 Pos (+1.40) N A N A Greece Vlastos et al. (47)
Organophosphates and pyrethroids, 
the most used

(25-60)

15/10 Complex mixtures including endosulfan. 18.2 +  1.3 Pos (+1.76) N A N A U SA Tope et al. (48)
chlorpyriphos, dimethoate, diazinon 
and maleic hydrazide

28/21 Polluted areas including pesticide- N A Pos (+1.92) N A N A Mexico Monterò et al. (49)
polluted areas

33/33 Open field and greenhouses 15.0 dr 13.0 Pos (+2.76), 33% No Portugal Costa et al. (50, 51)
(0.5—48 ) greenhouses/open 

field, Pos (+1.86)
(gloves)

69/69 Cotton pickers (carbamates. 10.3 dr 6.1 Pos (+2.92) N A Yes Pakistan A li et al. (52)
organophosphates, pyrethroids)

108/65 Open fields: grapes growers N A Pos (+1.69) N A N A Brazil da Silva et al. (53)

Ncg, negative; Pos, positive; PPE, personal protective equipment.

in people with the GSTTI null allele (49). In the area of Oporto 
(Portugal), a biomonitoring study was conducted in a group of 
33 farmers exposed to pesticides. MN frequency was signi
ficantly higher in the exposed group and it was possible to 
relate a specific working environment (greenhouses) with hig
her levels of genetic damage and the use of personal protective 
equipments with lower frequencies of MN. No association was 
found between MN frequency and duration of pesticide ex
posure and, when the effect of polymorphic genes of 
xenobiotic-metabolising enzymes (GSTMJ, GSTTI, GSTP1, 
CYP2E1 and EPHX1) was evaluated, results suggest that low 
microsomal epoxide hydrolase activity as well as GSTTI - 
positive genotype are associated with increased cytogenetic 
damage (50,51). An increase of MN frequency was also shown 
in a biomonitoring study with 69 females involved in cotton
picking activity in the Bahawalpur area (Pakistan) (52).

In Caxias do Sul (Brazil), 108 vineyard workers showed 
high rates of MN than controls. When the subjects were 
genotyped for GSTTI, GSTMJ, GSTP1, CYP1A1, CYP2EJ and 
PON, it was shown that genetic polymorphisms in PON modu
lated the frequency of MN in the exposed group. In addition, 
some associations between GSTMJ, GSJTJ and CYP2EJ 
polymorphisms were suggested (53).

A study was performed in the umbilical cord blood of 16 
newborns, in an agricultural area in Delicias, Chihuahua, in the 
North of Mexico characterised by the use of pesticide mixtures 
(mainly organophosphates) during the summer and autumn 
spraying cycles. No significant increases in MN were observed 
in this group compared to 35 controls (not exposed to 
pesticides), although more babies with a higher MN frequen
cies were within the pesticide-exposed group (54).

MN in buccal ceils of pesticide-exposed workers
Table V summarises the studies on MN in buccal cells. The 
first study reporting effects in buccal cells was carried out in 
workers exposed to methyl bromide, where higher but not 
significant MN frequency was observed (20).

A series of studies were carried out with agricultural workers 
from four European countries (Spain, Poland, Greece and 
Hungary). The overall results of this study, including 247 
agricultural workers and 231 controls, did not indicate any 
increase in MN frequency in buccal cells related to pesticide 
exposure, hi the Spanish population, an additional analysis 
determined that GSTMJ and GSITI polymorphisms did not 
modify the MN induction (39,41-43).
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Table V. Biomonitoring studies using buccal mucosa cells from human populations expo,sed to pesticides

Study Exposure (chemicals) Duration Result (fold P P E Time Country Reference
subjects/ (years) difference dependence
controls versus controls)

32/28 Methyl bromide (from lumigation) N A Neg N A No U SA Calvert et al. (20)
64/50 Agricultural workers in greenhouses: 

tralomethrin
9.82 ±  1.0 Neg Yes (80%) No Spain Lucero et al. (39)

30/30 Floriculturists 1.5-10 Pos (12.7) No N A México Gómez-
Arroyo et al. (56)

49/50 Agricultural workers: open field/greenhouse 16.28 +  1.1 Neg Yes (78%) N A Poland Pastor et al. (41)
50/66 Agricultural workers: open field— vegetables 

and ornamental plants
8.62 ±  1.13 Neg Yes (62%) No Greece Pastor et al. (42)

84/65 Agricultural workers open field/greenhouses, 
pesticide mixtures

18.75 ±  0.89 Neg Yes (85%) N A Hungary Pastor et al. (43)

239/231 Open field/greenhouses. Complex pesticide 
mixtures

13.92 ±  0.58 Neg Yes No Spain, Greece, 
Hungary, 
Poland

Pastor et al. (45)

40/44 Women working as banana packing exposed to 
thiabenzadole and chlorpyrifos

6.4 Neg N A No Costa R ica Castro et al. (61 )

54/54 Pesticide manufacturing unit: pyrethroids, 
organophosphates, carbamates

8.57 (3-13) Pos (+3.9) No Yes India Sailaja et al. (59)

32/32 People living in a pesticide-contaminated area 34.6 ±  10.5 Pos N A N A Turkey Ergene et al. (57)
70/70 Agricultural workers 7.00 ±  3.95 Pos (+7.64) No N A México Martihez-

Valcnzuela et al. (58)
29/37 Agricultural workers: soybean growers 16.3 ±  10

(2-35)
Pos (+1.99) Yes (31%) No Brazil Bortoli et al. (60)

37/20 Agricultural workers 25.7 ±  10.1 Neg 67.6 No Brazil Remor et al. (55 )

PPE, personal protective equipment; Neg, negative; Pos, positive.

No increase of MN frequency was detected in a group of 40 
women working in banana packing facilities in Costa Rica 
(56). Negative results were also reported in sprayers from the 
region of Rio Grande do Sul (Brazil) exposed to a wide number 
of pesticides, although significant variations in the plasmatic 
levels of butyrylcholinesterase and 5-aminolevulinic acid dehy
dratase enzymes indicate that exposure did occur (61). hi spite 
of the negative results above indicated, several studies reported 
significant MN increases in the buccal cells of workers exposed 
to pesticides.

In Mexico, a study with 30 subjects working as floriculturists 
in greenhouses shows an increase in MN frequency in buccal 
cells (55). A further study in Mexico (Sinaloa State) reported 
a clear increase in MN frequency in agricultural workers using 
mainly organophosphates and carbamates without any corre
lation with age, gender or exposure length to pesticides (59).

A study carried out in Hyderabad (India) in a chemical 
industry producing organophosphates, carbamates and pyreth- 
roids showed significant increases in the MN frequency in 
subjects working for >10 years (57). Slight but significant 
increases in the frequency of MN were also reported in the Goksu 
Delta region (Turkey), a wetland area with intensive agriculture, 
where rice, cotton and peanuts are grown all over the year (58).

Significant increases in the frequency of MN were observed 
in the workers involved in soybean culture in the State of Rio 
Grande do Sul (Brazil); nevertheless, these increases were not 
related with the use of protective measures or the time of 
exposure (60).

Knowledge gaps and road map for future research and 
improvements
The general pattern in pesticide exposure is the simultaneous use 
of complex mixtures of chemical compounds that makes difficult 
to determine the possible synergic/antagonist effects among them. 
In this context, the appearance of the cytokinesis-block micro

nucleus assay in 1985 (62), as an easy alternative to the 
chromosome aberration test, opened the possibility to go further 
in the knowledge of the genotoxic risk associated to pesticide 
exposure. Nevertheless, the first biomonitoring study of a human 
population exposed to pesticides using the MN assay was 
published in 1993. Since then, an exponential use was not 
observed since 15 studies were reported between 1993 and 1999, 
16 between 2000 and 2004 and 16 between 2005 and 2009. This 
means that, in spite of its advantages, the MN was not been widely 
used in the biomonitoring of human populations exposed to 
pesticides.

Actually, even if a number of studies in subjects exposed to 
single pesticides, or just to a few compounds, allowed to 
estimate a genotoxic risk associated to defined chemicals, the 
large majority of the available studies had not generated the 
reliable information needed for a risk assessment.

Some studies have an inadequate study design or a low 
statistical power. However, the main limitations of them are the 
lack of exposure assessment, information on the pesticide use 
pattern and the characterisation of the relevant factors 
modulating the exposure.

Surrogate factors for the exposure, such as pesticide con
sumption, number of genotoxic pesticides applied and duration 
of exposure were considered in some studies, where a relation
ship was observed between increased MN frequency and 
specific agricultural practices or inadequate working condi
tions. However, the lack of adequate evaluation of individual 
exposures severely limited any conclusions in regard to the 
identification of an active ingredient or occupational task, 
which are clearly identified as responsible for a genetic risk.

The MN test in its comprehensive application (Cytome) and 
for its role in predicting cancer risk is a useful tool to estimate 
the genetic risk from the integrated exposure to complex 
mixture of chemicals associated to the use of pesticides.

One advantage of the MN is that it makes easy to determine 
mechanism of action of the compounds through the detection
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of the presence of kinetochore or centromere in the MN, as a 
way to distinguish between clastogenicity and aneugenicity, 
with relevant implications in risk assessment. These approa
ches were applied only in few studies (18,20,35), revealing an 
increase in kinetochore-negative or -positive MN related to the 
mechanism of action of the pesticides.

Further studies should be done in groups of subjects ade
quately characterised for the exposure in order to define the 
role of the MN test in pesticide risk assessment. Alternative 
methods have to be considered to estimate the exposure: the 
evaluation of dermal absorption and/or of the main urinary 
metabolites allows taking into account all the factors modu
lating the extent of exposure, such as the kind of crops, the type 
of application equipment and the use of protective devices. 
Other parameters can also be considered, as an example, 
inhibition of acetylcholinesterase activity could be a biomarker 
of exposure for widely used organophosphate pesticides with 
very short half-life (54).

In addition, the complex interaction of host defence 
mechanisms involved after a genotoxic exposure still need to 
be understand: interindividual differences in the ability to 
activate or detoxify genotoxic substances and to repair DNA 
damage could explain differential susceptibility to pesticides 
exposure.

The biomonitoring studies including the characterisation of 
allelic variants for genes involved in the metabolism of xeno- 
biotics (32,33,39,50,53) reported contrasting results. Genetic 
polymorphisms in paraoxonase genes (PONs) were shown to 
modulate the frequency of MN in subjects exposed to complex 
mixture of pesticides (53). A recent in vitro study (63) showed 
that paraoxon caused a significant induction of MN only in 
subjects carrying the PONI QQ genotype with a lower PONI 
activity, which was not able to hydrolyse the paraoxon.

A final aspect to be pointed out is the use of epithelial cells 
to evaluate the genetic risk associated to pesticide exposure. It 
must be emphasised that the MN assay can be applied in 
interphase to any proliferating cell population and allows the 
use of epithelial cells. The application of MN assay in buccal or 
nasal epithelial cells need to be further explored in groups of 
subjects exposed to pesticides considering the availability of 
a standardised protocol and of criteria of scoring for MN and 
other nuclear abnormalities.
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The International Agency for Research on 
Cancer (IARC) M onographs Programme 
identifies chemicals, drugs, mixtures, 
occupational exposures, lifestyles and per
sonal habits, and physical and biological
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agents that cause cancer in humans and 
has evaluated about 1000 agents since 
1971. M onographs are written by ad hoc 
Working Groups (WGs) o f international 
scientific experts over a period o f about 
12 months ending in an eight-day 
meeting. The W G evaluates all o f the 
publicly available scientific information on 
each substance and, through a transparent 
and rigorous process,1 decides on the 
degree to which the scientific evidence

supports that substance’s potential to 
cause or not cause cancer in humans.

For M onograph 112,2 17 expert scien
tists evaluated the carcinogenic hazard for 
four insecticides and the herbicide glypho
sate.3 The W G  concluded that the data 
for glyphosate m eet the criteria for classi
fication as a p ro b a b le  hum an carcinogen.

The European Food Safety Authority 
(EFSA) is the primary agency of the 
European Union for risk assessments 
regarding food  safety. In October 2 0 15 , 
EFSA reported4 on their evaluation o f the 
Renewal Assessment Report5 (RAR) for 
glyphosate that was prepared by the 
Rapporteur M em ber State, the German 
Federal Institute for Risk Assessment 
(BfR). EFSA concluded that ‘glyphosate is 
unlikely to pose a carcinogenic hazard to 
humans and the evidence does not 
support classification with regard to its 
carcinogenic potential’. Addendum 1 (the 
BfR Addendum) o f the RAR’ discusses the 
scientific rationale for differing from the 
IARC W G  conclusion.

Serious flaws in the scientific evaluation 
in the RAR incorrectly characterise the 
potential for a carcinogenic hazard from 
exposure to glyphosate. Since the RAR is 
the basis for the European Food Safety 
Agency (EFSA) conclusion,4 it is critical 
that these shortcom ings are corrected.

THE HUMAN EVIDENCE
EFSA concluded ‘that there is very limited 
evidence for an association between 
glyphosate-based formulations and 
non-H odgkin lymphoma (NHL), overall 
inconclusive for a causal or clear associa
tive relationship between glyphosate and 
cancer in human studies’. The BfR 
Addendum (p. ii) to the EFSA report 
explains that ‘no consistent positive asso
ciation was observed’ and ‘the most 
powerful study showed no effect’. The 
IARC W G concluded there is l im ite d  e v i
dence o f  carc in ogen ic ity  in hu m ans  which 
means “A positive association has been 
observed between exposure to the agent 
and cancer for which a causal interpret
ation is considered by the Working Group 
to be credible, but chance, bias or con
founding could not be ruled out with rea
sonable confidence.”1

The finding o f l im ite d  evidence  by the 
IARC W G  was for N H L , based on high- 
quality case-control studies, which are 
particularly valuable for determining the 
carcinogenicity o f an agent because their 
design facilitates exposure assessment and 
reduces the potential for certain biases. 
The Agricultural Health Study6 (AHS) 
was the only cohort study available pro
viding information on the carcinogenicity

Portier CJ, ef ai. J Epidemiol Community Health August 2016 Voi 70 No 8 741

mailto:cportier@me.com


¿¡gag 3;16-n[Kl-02741-VC Document 656-X Filed
m wm im  i

Page 395 of 398
* ’ y ' ■ .

o f  glyphosate. The study had a null 
finding for N H L  (RR 1.1, 0 .7 -1 .9 )  with 
no apparent exposure-response relation
ship in the results. Despite potential 
advantages o f cohort versus case-control 
studies, the AHS had only 92 N H L  cases 
in the unadjusted analysis as compared to 
650 cases in a pooled  case-control ana
lysis from the USA.7 In addition, the 
median follow-up time in the AHS was 
6 .7  years, which is unlikely to be long  
enough to account for cancer latency.8

T he RAR classified all o f  the case-  
control studies as ‘not reliable,’ because, 
for example, information on glyphosate 
exposure, smoking status and/or previous 
diseases had not been assessed. In m ost 
cases, this is contrary to what is actually 
described in the publications. 
Well-designed case-control studies are 
recognised as strong evidence and rou
tinely relied on for hazard evaluations.9 10 
The IARC WG carefully and thoroughly 
evaluated all available epidem iology data, 
considering the strengths and weaknesses 
of each study. This is key to determ ining 
that the positive associations seen in the 
case-control studies are a reliable indica
tion o f an association and not simply due 
to chance or m ethodological flaws. To 
provide a reasonable interpretation of the 
findings, an evaluation needs to properly 
weight studies according to quality rather 
than simply count the number o f positives 
and negatives. The two meta-analyses 
cited in the IARC M onograph11 are excel
lent examples o f objective evaluations and 
show a consistent positive association 
between glyphosate and NH L.

The final conclusion' (Addendum 1, 
p.21) that “there was no unequivocal evi
dence for a clear and strong association of 
N H L  with glyphosate” is misleading. 
IARC, like many other groups, uses three 
levels o f evidence for human cancer data.1 
Sufficien t eviden ce  means ‘that a causal 
relationship has been established’ between  
glyphosate and NH L. BfR’s conclusion is 
equivalent to deciding that there is not 
su fficien t evidence. Legitimate public 
health concerns arise when ‘causality is 
credible’, that is, w hen there is l im ite d  e v i
den ce  o f  carcinogenicity.

EVIDENCE FROM ANIMAL 
CARCINOGENICITY STUDIES
EFSA concluded ‘N o  evidence o f carcino
genicity was confirmed by the majority of 
the experts (with the exception o f one 
minority view) in either rats or mice due 
to a lack of statistical significance in pair
wise comparison tests, lack o f consistency 
in multiple animal studies and slightly 
increased incidences only at dose levels at

or above the limit dose/maxiinum toler
ated dose (M TD), lack o f preneoplastic 
lesions and/or being within historical 
control range’. The IARC W G review  
found a significant positive trend for renal 
tumours in male C D -I m ice,’2 a rare 
tumour, although no comparisons o f any 
individual exposure group to the control 
group were statistically significant. The 
W G also identified a significant positive 
trend for hemangiosarcoma in male C D -I 
m ice ,1'’ again with no individual exposure 
group significantly different from con
trols. Finally, the WG also saw a signifi
cant increase in the incidence of 
pancreatic islet cell adenomas in two  
studies in male Sprague-Dawley rats.14-16 
In one of these rat studies, thyroid gland 
adenomas in females and liver adenomas 
in males were also increased. By the IARC 
review criteria,1 this constitutes su fficien t 
eviden ce  in animals.

The IARC W G reached this conclusion  
using data that were publicly available in 
sufficient detail for independent scientific 
evaluation (a requirement of the IARC 
Preamble1). On the basis of the BfR 
Addendum, it seems there were three add
itional mouse studies and two additional 
rat studies that were unpublished and 
available to EFSA. Two of the additional 
studies were reported to have a significant 
trend for renal tumours, one in CD -I mice 
(Sugimoto. 1 8 -M o n th  O ra l O n co g en ic ity  
S tu d y  in M ice. Unpublished, designated 
A S B 2012-11493  in RAR. 1997), and one 
in Swiss-Webster mice (Unknown. A  
chron ic feed in g  s tu d y  o f  g lyp h o sa te  
(rou n du p  tech n ica l) in m ice . Unpublished, 
designated A B S201 2 -1 1 4 9 1  in RAR. 
2001). One o f these studies (Sugimoto. 
Unpublished, 1997) also reported a signifi
cant trend for hemangiosarcoma. The 
RAR also reported two studies in C D -I  
mice showing significant trends for malig
nant lymphoma (Sugimoto. Unpublished, 
1997; Unknown. G lyp h o sa te  Technical: 
D ie ta ry  C arc in ogen city  S tu d y  in  
the  M ou se. Unpublished, designated 
ABS2012 -1 1 4 9 2  in RAR. 2009).

The RAR dismissed the observed trends 
in tumour incidence because there are no 
individual treatment groups that are sig
nificantly different from controls and 
because the maximum observed response 
is reportedly within the range of the his
torical control data (Table 5 .3 -1 , p.90). 
Care must be taken in using historical 
control data to evaluate animal carcino
genicity data. In virtually all guide
lines,1 u  18 scientific reports19 and 
publications20“23 on this issue, the recom 
mended first choice is the use o f concur
rent controls and trend tests, even in the

EC regulations cited in the RAR18 (see 
p.375). Trend tests are more powerful 
than pairwise comparisons, particularly 
for rare tumours where data are sparse. 
Historical control data should be from  
studies in the same time frame, for the 
same animal strain, preferably from the 
same laboratory or the same supplier and 
preferably reviewed by the same patholo
gist.17 18 W hile the EFSA final peer 
review4 m entions the use o f  historical 
control data from the original laboratory, 
no specifics are provided and the only 
referenced historical control data24 are in 
the BfR addendum .5 One of the mouse 
studies12 was clearly done before this his
torical control database was developed, 
one study (Sugimoto. Unpublished, 1997) 
used C rj:C D -l mice rather than C rl:C D -l 
mice, and one study13 did not specify the 
substrain and was reported in 1993 (prob
ably started prior to 1988). H ence, only a 
single study (Unknown. Unpublished, 
2009) used the same mouse strain as the 
cited historical controls, but was reported 
more than 10 years after the historical 
control data set was developed.

The RAR dismissed the slightly 
increased tumour incidences in the studies 
considered because they occurred “only at 
dose levels at or above the limit dose/ 
maximum tolerated dose (M TD)”, and 
because there was a lack of preneoplastic 
lesions. Exceeding the M TD is dem on
strated by an increase in mortality or 
other serious toxicological findings at the 
highest dose, not by a slight reduction in 
body weight. N o  serious toxicological 
findings were reported at the highest 
doses for the mouse studies in the RAR. 
W hile som e w ould argue that these high 
doses could cause cellular disruption (eg, 
regenerative hyperplasia) leading to 
cancer, no evidence o f this was reported 
in any study. Finally, a lack o f preneoplas
tic lesions for a significant neoplastic 
finding is insufficient reason to discard the 
finding.

MECHANISTIC INFORMATION
The BfR Addendum dismisses the IARC 
W G finding that ‘there is strong evidence 
that glyphosate causes genotoxicity’ by 
suggesting that unpublished evidence not 
seen by the IARC W G was overwhelm 
ingly negative and that, since the reviewed 
studies were not done under guideline 
principles, they should get less weight. To 
maintain transparency, IARC reviews only  
publicly available data. The use o f confi
dential data submitted to the BfR makes it 
impossible for any scientist not associated 
with BfR to review this conclusion. 
Further weakening their interpretation,
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the BfR did not include evidence o f  
chromosomal damage from exposed  
humans or human cells that were high
lighted in Tables 4 .1  and 4 .2  o f  the IARC 
M onograph 3

The BfR confirms (p .79) that the 
studies evaluated by the IARC W G on  
oxidative stress were predominantly posi
tive but does not agree that this is strong 
support for an oxidative stress m echan
ism. They minimise the significance o f  
these findings predominantly because o f a 
lack o f positive controls in som e studies 
and because many o f  the studies used gly- 
phosate formulations and not pure gly- 
phosate. In contrast, the W G concluded  
that (p .77) ‘Strong evidence exists that 
glyphosate, AMPA and glyphosate-based  
formulations can induce oxidative stress’. 
From a scientific perspective, these types 
of mechanistic studies play a key role in 
distinguishing between the effects o f m ix
tures, pure substances and metabolites.

Finally, we strongly disagree that data 
from studies published in the peer- 
reviewed literature should automatically 
receive less weight than guideline studies. 
Compliance with guidelines and G ood  
Laboratory Practice does not guarantee 
validity and relevance of the study design, 
statistical rigour and attention to sources 
of bias.25 2h The majority o f research after 
the initial marketing approval, including 
epidem iology studies, will be conducted  
in research laboratories using various 
models to address specific issues related to 
toxicity, often with no testing guidelines 
available. Peer-reviewed and published 
findings have great value in understanding 
mechanisms o f carcinogenicity and should  
be given appropriate weight in an evalu
ation based on study quality, not just on  
compliance with guideline rules.

GENERAL COMMENTS
Science moves forward on careful evalua
tions o f data and a rigorous review o f  
findings, interpretations and conclusions. 
An important aspect o f  this process is 
transparency and the ability to question or 
debate the findings o f  others. This ensures 
the validity o f the results and provides a 
strong basis for decisions. M any o f the 
elements o f transparency do not exist for 
the R A R / For exam ple, citations for 
almost all references, even those from the 
open scientific literature, have been  
redacted. The ability to objectively evalu
ate the findings o f a scientific report 
requires a com plete list o f cited support
ing evidence. As another example, there 
are no authors or contributors listed for 
either document, a requirement for publi
cation in virtually all scientific journals

where financial support, conflicts of inter
est and affiliations of authors are fully dis
closed. This is in direct contrast to the 
IARC W G evaluation listing all authors, 
all publications and public disclosure o f  
pertinent conflicts o f interest prior to the 
W G  m eeting.27

Several guidelines have been devised for 
conducting careful evaluation and analysis 
o f carcinogenicity data, m ost after con
sultation w ith scientists from around the 
world. Two o f the most widely used 
guidelines in Europe are the OECD guid
ance on the conduct and design of  
chronic toxicity and carcinogenicity 
studies17 and the European Chemicals 
Agency Guidance on Com m ission  
Regulation (EU) N o  286/201 1;18 both are 
cited in the RAR. The methods used for 
historical controls and trend analysis are 
inconsistent w ith these guidelines.

O wing to the potential public health 
impact o f glyphosate, which is an exten
sively used pesticide, it is essential that all 
scientific evidence relating to its possible 
carcinogenicity is publicly accessible and 
reviewed transparently in accordance with  
established scientific criteria.

SUMMARY
The IARC W G concluded that glyphosate 
is a ‘probable human carcinogen’, putting  
it into IARC category 2A due to su fficien t 
eviden ce  o f carcinogenicity in animals, 
l im ite d  eviden ce  o f carcinogenicity in 
humans and stron g  evidence for two car
cinogenic mechanisms.
► The IARC W G  found an association 

between N H L  and glyphosate based 
on the available human evidence.

► The IARC W G found significant car
cinogenic effects in laboratory animals 
for rare kidney tumours and heman- 
giosarcoma in two mouse studies and 
benign tumours in m o  rat studies.

► The IARC W G concluded that there 
was strong evidence o f genotoxicity  
and oxidative stress for glyphosate, 
entirely from publicly available 
research, including findings o f D N A  
damage in the peripheral blood o f  
exposed humans.

The RAR concluded5 (Vol. 1, p .160) 
that ‘classification and labelling for car
cinogenesis is not warranted’ and ‘glypho
sate is devoid o f genotoxic potential’.
► EFSA4 classified the human evidence  

as ‘very lim ited’ and then dismissed 
any association o f glyphosate with 
cancer w ithout clear explanation or 
justification.

► Ignoring established guidelines cited in 
their report, EFSA dismissed evidence 
of renal tumours in three mouse

studies, hemangiosarcoma in two  
mouse studies and malignant lym ph
oma in two mouse studies. Thus, EFSA 
incorrectly discarded all findings of 
glyphosate-induced cancer in animals 
as chance occurrences.

► EFSA ignored important laboratory 
and human mechanistic evidence of 
genotoxicity.

► EFSA confirmed that glyphosate 
induces oxidative stress but then, 
having dismissed all other findings o f  
possible carcinogenicity, dismissed this 
finding on the grounds that oxidative 
stress alone is not sufficient for car
cinogen labelling.

The m ost appropriate and scientifically 
based evaluation o f the cancers reported 
in humans and laboratory animals as well 
as supportive mechanistic data is that gly
phosate is a pro b a b le  h u m an  carcinogen . 
On the basis o f this conclusion and in the 
absence o f evidence to the contrary, it is 
reasonable to conclude that glyphosate 
formulations should also be considered  
likely human carcinogens. The CLP 
Criteria18 (Table 3 .6 .1 , p .371) allow for a 
similar classification o f Category IB when  
there are ‘studies showing limited evi
dence o f carcinogenicity in humans 
together with limited evidence o f carcino
genicity in experimental animals’.

In the RAR, almost no weight is given 
to studies from the published literature 
and there is an over-reliance on non- 
publicly available industry-provided 
studies using a limited set o f assays that 
define the minimum data necessary for 
the marketing o f a pesticide. The IARC 
W G  evaluation o f  p ro b a b ly  carcinogen ic  
to  hu m an s  accurately reflects the results o f  
published scientific literature on glypho
sate and, on the face o f it, unpublished 
studies to which EFSA refers.

M ost o f the authors o f  this commentary 
previously expressed their concerns to 
EFSA and others regarding their review o f  
glyphosate28 to which EFSA has published 
a reply.29 This commentary responds to 
the EFSA reply.

The views expressed in this editorial are 
the opinion o f the authors and do not 
imply an endorsem ent or support for 
these opinions by any organisations to 
which they are affiliated.
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