Message

From: FARMER, DONNA R [AG/1000] [/O=MONSANTO/OU=NA-1000-01/CN=RECIPIENTS/CN=180070]
Sent: 12/1/2010 6:53:51 PM

To: Amy Williams _exponent.com]

Subject: second half and additional articles

Attachments: Glyphosate Dev Repro Review rest.docx; mladinic_2009.pdf; prasad_2009.pdf; cavalcante_2008.pdf;
conners_2004.pdf; holeckova_2006.pdf; piesova_2005.pdf; bolognesi_2009.pdf; pazymino_2007.pdf

Amy,

See attached.

Donna

From: Amy Williams -xponent.com]
Sent: Wednesday, December 01, 2010 10:38 AM

To: FARMER, DONNA R [AG/1000]

Cc: John DeSesso; SALTMIRAS, DAVID A [AG/1000]
Subject: RE: First half - second reply

Donna and David,

We've received the disk-with the Knapp studies and will work on verifying/revising the related textin the

manuscript. Can you let us know when to expect comments back on the second half of the paper? Thanks so

much.

Best regards,

Amy Lavin Williams, PhD, DABT

Exponent

1800 Diagonal Road, Suite 500

UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF CALIFORNIA

TRIAL EXHIBIT 467
Case No. 3:16-cv-0525-VC

Date Entered

By

Deputy Clerk
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Alexandria, VA 22314
exponent.com

wWww.exponent.com

From: FARMER, DONNA R [AG/1000] [ onsanto.com]

Sent: Tuesday, November 23, 2010 4:35 PM

To: Amy Williams

Cc: John DeSesso; SALTMIRAS, DAVID A [AG/1000]
Subject: RE: First half - second reply

Amy,

See responses beiéw.

Have a few other things to send will do tomorrow.
Need to go get my daughter from a retreat.
Donna

From: Amy Williams || @<xponent.com]
Sent: Tuesday, November 23, 2010 9:51 AM

To: FARMER, DONNA R [AG/1000]

Cc: John DeSesso; SALTMIRAS, DAVID A [AG/1000]
Subject: RE: First half - second reply

Donna,
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When can we expect comments on the rest of the document? 'm trying to get the document finalized
and out the door as quickly as possible. Along those lines, | have a few more guestions to ask:

* inthe abstract, we listed 2 mg/kg/d as the RfD based on what was proposed in the glyphosate
RED. In the revisions, someone changed that to 1.75 mg/kg/d. 1 realize this is based on a dose
of 175 mg/kg/d in a developmental study with an uncertainty of 100, but the RED did not
propose an RfD of 1.75 mg/kg/d; it listed the RfD as 2 mg/kg/d. in the IRIS database, the RfD is
listed as 0.1 mg/kg/d. What value do you believe we should use? | need to be able to back the
number up with a citation as well.

See attachment

For many years the only dataset that was available for glyphosate was Monsanto’s ....today there are a
number of other full data sets.

The original Monsanto set of studies that supported glyphosate used high doses of ~ 30
mg/kg/day. These studies were reviewed by the WHQ in 1986
http://www.inchem.org/documents/jmpr/impmono/v86pr08.htm

They concluded that there were no effects related to treatment and set the AD] at 0.3 mg/kg/day. In
the US, IRIS reviewed the same studies and came to a different conclusion on the 3 gen rat repro study
and concluded the effects at the high-dose were related to treatment and in 1990 they set the ADI at
0.10 mg/kg/day based on that study. http://www.epa.gov/iris/subst/0057.htm  The effects observed
in that first study were not reproduced in the second repro study by Monsanto nor in any other repro
study by any other manufacturing at much higher doses.

Glyphosate was re-registered in 1993. Monsanto conducted several new studies for that re-registration
to meet the guidelines in place at that time and the two key studies were the 2-gen rat repro and the rat
chronic study with high doses of 20,000 ppm.

The EPA selected the lowest NOEL in the glyphosate toxicology data base to set the ADI which was
based on the maternal effects observed in the rabbit teratology study. In the 1993 RED the RfD was 2
mg/kg/day ..this was “rounded up” from 1.75. Lately we have been seeing them use the non-rounded
post- FOPA ¢PAD of “1.75 mg/kg/day “ value - http://www.federalregister.gov/articles/2004/11/10/04-
25098/glyphosate-pesticide-tolerance
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The IRIS database and website for glyphosate is completely out of date, in the Revision History section
the last entry for tox information was 1990 — they did not revise after the RED!. Note that the cancer
classificationis a “D”...in 1991 it was concluded to be an “E” — Evidence of non-carcinogenicity in
humans. We have repeatedly asked them to update and revise because the discrepancies have been
problematic for us —note that the last entry in the revision history it is no longer being assessed by
IRIS. The MCL for glyphosate of 700 ppm is based on the IRIS database

www.epa.gov/safewater/pdfs/factsheets/soc/glyphosa.pdf From their “What are the heaith
effects?” they state: "Short-term: EPA has found glyphosate to potentially cause the following health
effects when people are exposed to it at levels above the MCL for relatively short periods of time:
congestion of the lungs; increased breathing rate.” [We have no idea how they came to this conclusion
since the inhalation study for glyphosate was waived.]

Long-term: Glyphosate has the potential to cause the following effects from a lifetime exposure at levels
above the MCL: kidney damage, reproductive effects.” The subsequent studies do no support this
conciusion at all. We also asked that the MCL be revised based on the new data and they also said
no..why because they saw no need as glyphosate is never found in finish drinking water therefore they
saw no concern to put resources to the review.

in Canada and Japan...which is based on Monsanto data only the RfD is 0.75 mg/kg/day...same rabbit
teratology study different conciusion on high-dose effects.

EU - 0.3 mg/kg/day — based on our first chronic study even though there were multiple submitters

WHQO 2004 - 1.0 mg/kg/day multiple submitters based on another companies chronic rat study.

If you use the RED as your reference — the correct value for the RfD is 2 mg/ikg/day (as edited is not
correct because the RED does not use 1.75 mg/kg/day....understand your confusion)

if you use the post-FQPA cPAD then | would use 1.75 mg/kg/day.

Do not use the IRIS value it is of no value today.

» More discussion was added to the introduction on dermal absorption, including data from
Nielsen, 2009, The paper you sent to me earlier this week was Nielson, 2010. | cannot find the
data that was added to the introduction in the 2010 paper and | cannot find a Nielsen, 2009
paper. Are the numbers wrong or is there another reference? If the numbers are right and
based on the 2010 paper, can someone lead me through the calculations?
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David...you added this section, please respond.

For the study of Reyna, 1990, some doses in mg/kg/d were added to the document
corresponding with the ppm amounts administered in the diet. | am not clear on from where
those doses are derived. Can someone show me where these values came from?

They were what was published in the William's et al, paper page 127. Below is a table lifted from a
Monsanto Summary of that study. | am okay with going with approximate mg/kg/day.

Generation/Sex Dietary concentration of glyphosate (ppm)
2.000 10,000 30,000
IFO Parents: Males 132 666 1.983
Females 160 777 2,322
IF1 Parents: Males 140 711 2,230
( Females 163 804 2.536

David ..where are you on getting these studies to them?

Can you forward the studies from Knapp (2007, 2008)? We do not have those in-house to
verify the data. Plus, we will need to make some revisions since, as noted in the comments, at

least some of the text was lifted directly from the report summaries.

in the section on genotoxicity, one of the reviewers mentioned a study by Kier and Stegman
{1993) in which AMPA was tested. |do not have this study and cannot find it in Pubmed. Can
you forward it so it can be added to the paper?

David ..can you send them a copy of this report as well with the others?. The WHQ 1997 review of
AMPA http://www.inchem.org/documents/impr/jmpmono/v097pr04.htm and in 2004 ...the the WHO
in the glyphosate review...reviewed a few new studies and came to the same conclusion on AMPA

An additional 7 papers on genotoxicity were recommended to be added to the report. These
include Mladinic et al {2008}, Prasad et al (2009}, Cavalcante et al (2008], Conner and Black
{2004}, Holeckova {2006}, Piesova et al (2005), and Bolognesi et al (2009}, Would you like these
added, and if so, can you forward these papers for review? Alternatively, we can order them in-

house. Let me know.

Will forward in another email.

w
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e A bitof text was added to the report for a study by Benachour et al {2007). After some review, |
realized that the year given is incorrect. It should be Benachour et al (2009]}. Earlier this week,
you forwarded the 2007 paper. Can you forward the 2009 paper for our review? The text that
was added is very limited and needs to be revised. | will also be moving discussion of this study

to a more appropriate section of the document.

See attached — the text was only a place holder please revise upon your review.

e  The single name ‘Pagenelli’ was added to the report. 1did a search to find that this is reference
to a study, Paganelli et al 2010, | assume you would like discussion of this study added to the

paper. Can you provide the paper for review?

See attached.

Thanks for your assistance.

Best regards,

Amy Lavin Williams, PhD, DABT
Exponent
1800 Diagonal Road, Suite 500

Alexandria, VA 22314

exponent.com

www.exponent.com

From: FARMER, DONNA R [AG/1000]
Sent: Friday, November 19, 2010 10:41 AM
To: Amy Williams

Subject: RE: First half - second reply

@monsanto.com]
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Amy,

Attached are the external publications listed below — the Romano paper was one that was reviewed by
Bill Kelce...so you should already have a copy and an extensive review of that publication.

{ thought David had sent you copies of the Knapp and Moxon study reports. | will check with him on
those and the Ward studies.

Donna

From: Amy Williams ||| @<xronent.com]
Sent: Friday, November 19, 2010 8:53 AM

To: FARMER, DONNA R [AG/1000]; John DeSesso
Subject: RE: First half - second reply

Donna,

You have added significant text to the document with regard to the following references:

e Bo Nielsen et al., 2009
s  Ward, 2010

® Moxon, 2000

¢  Knapp, 2007

e  Knapp, 2008

¢  Benachour et al,, 2007

® Romano, 2010
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¢ QGasiner et al., 2009

Unless someone from Monsanto plans to be listed as an author, we need to see these
references in order to verify that we are in agreement with the newly added text. As such, could

you forward these papers to us? Thanks so much.

Best regards,

Amy Lavin Williams, PhD, DABT
Exponent
1800 Diagonal Road, Suite 500

Alexandria, VA 22314

exponent.com

www.exponent.com

From: FARMER, DONNA R [ 2 ons2nto.com]
Sent: Friday, November 19, 2010 8:20 AM

To: John DeSesso

Cc: Amy Williams

Subject: RE: First half - second reply

John,

Can you provide me the specific references? Is it the surfactant studies or the additional

references for the gasiner paper.
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Thanks,
Donna

From: John DeSesso [l @ex0onent.com]
Sent: Thursday, November 18, 2010 3:01 PM

To: FARMER, DONNA R [AG/1000]

Cc: Amy Williams

Subject: RE: First half - second reply

Hi Donna,

Since there will not e authors from Monsanto on the manuscript, can we get copies of
the papers that are summarized in the new text? We need to independently verify that
our conclusions coincide.

Thanks,

john

From: FARMER, DONNA R [AG/1000] || @ vonsanto.com]

Sent: Thursday, November 18, 2010 2:50 PM
To: John DeSesso
Subject: First half

John,

Attached is the first 46 pages.

| added a section in genotox from the Gasnier study...see a attached a critique
we did that | took that from. Am working on a section for gasiner in the
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mechanistic section. Also we cut and pasted in summaries of the POEA
surfactant studies. Attached are more detailed summaries — see Knapp. For
right now | think we should go with POEA surfactants. | am checking to find out
if there are any concerns with using MON 0818 and MON 8109 as well as
indicating they are tallow and coco-derived — will get back to you on that as well
as sending the remaining pages. Hope to have them done this afternoon if not
will send tomorrow.

<<Glyphosate Dev Repro Review Part |.docx>> <<Publication 4 Gasnier 2009.docx>>
<<Knapp studies.docx>>

Regards,

Donna

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 Monsante, 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 e-mail message may contain privileged and/or confidential
information, and is intended to be received only by persons
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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 Expoert 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 e-mail message may contain privileged and/or confidential
information, and is intended to be received only by perscons 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 liatility 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 Administratiocn Regulations
(EAR) and sanctions regulations issued by the U.S. Department of
Treasury, Office of Foreign Asset Controls (OFAC). 2As a recipient of
this information you are obligated to comply with all

applicable U.S. exzport laws and regulations.
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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 Asset Controls (OFAC). As a recipient of this
information you are obligated to comply with all

applicable U.S. export laws and regulations.
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DRAFT

-

~{ Formatted: Height: 11"

Endocrine Disruption

In recent years, many environmental pollutants have been suspected to contribute to endocrine disruption;
however, only a few have been scientifically proven to disrupt the endocrine system at environmentally
relevant concentrations (WHO, 2002). Mechanistic studies to ascertain whether glyphosate can cause adverse
developmental or reproductive effects by interfering with the functioning of the endocrine system have been
conducted (Table 11). These studies are varied in their approach and examine potential effects on steroid
hormone production and placental enzyme activity. In a number of cases, dlyphosate-based formulations

containing surfactant systemss-were evaluated for aromatase activity using microsomes. These studies are
flawed from the outset because micresomes are denatured by very low concentrations of surfactants and

detergents. This is noted in the US EPA Endocrine Disruptor_ Screening Progam Test Guideline CPPTS __— For d: Font: Italic

880. 1200. Aromatase (Human Recembinant), which clearly warns that all glassware and apparatus used in the
microsome preparations should be free of detergent residue. Furthermore, if detergent residues compromise

study viabiiity. testing measurable concentrations of detergent like substances would overioad suchjn witro __—{ Formatted: Font: ltalic

systems and is certainly not a viable approach to investigating endocrine disruption. Levine et al (2007}

evaluated a variety of surfactants using an jn vitro systems and determined resulis were dug to the-a non- —{ Formatted: Font: Italic

endocrine mechanism of compremised mitochondriai membrane potential and altered permeability of cel

membranes.

Petit et al. (1997) screened various herbicides, fungicides, insecticides, xenobiotics, and phytoestrogens for
estrogenic potency using two in vitro systems: a recombinant yeast system expressing the rainbow trout
estrogen rebeptor and rainbow trout hepatocyte cultures. Yeast cells containing a IacZ' reporter gene linked to
two estrogen-responsive elements were treated in culture at 10° to 10™* M of each test agent for four heurs. 17
B-Estradiol was used as the positive control B-Galactosidase activity, dependent on expression of the /acZ
gene, was measured in Miller units using a colarimetric substrate. To ensure that the absence of a respanse
was not due to toxicity, cell density measurements were made before and after treatment, although the data for
agents that were not estrogenic were not shown. Glyphosate treatment had no effect on the basal level of B-
galactosidase activity. Only those test agents shown to be positive for estrogenicity in the yeast system, plus
eleven other randomly selected test compounds, were evaluated in the trout hepatocyte cultures for expression

of the vitellogenin gene, as determined by slot blot analysis; glyphosate was not among those tested. One
- [ PAGE | -
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DRAFT
weakness of this study is that the description of methods is not clear as to whether pure glyphosate or a

glyphosate-based herbicide was tested. Nevertheless, these data provide no evidence of estrogenic activity.

Lin and Garry (2000) investigated whether certain herbicides and fungicides commonly used in the Red River
Valley of Minnesota could induce proliferation of the estrogen-responsive MCF-7 cell line. MCF-7 cells were
seeded in media containing either regular fetal bovine serum (FBS) or steroid growth-factor-deficient FBS
{produced through prior treatment with 10% charcoal dextran). Following a 48-hour incubation, the cells were
then treated with different dilutions of test chemicals, 10° M estradiol (positive control), or solvent vehicle
(negative control). After seven days in culture, cell numbers and viability of harvested cells were assessed
using a fluorescence-activated cell sorter. In separate experiments, cytotoxicity (following 72-hour incubation of
MCF-7 cells in various concentrations of test agents) and apoptosis (using propidium iodide staining) were
evaluated by flow cytometry. Both the "Roundup” branded formulation {identified as containing 0.99%

glyphosate] and its active ingredient, glyphosate, were shown to induce proliferation of MCF-7 cells. This Comment [drfL]: This sugaest this was a LEG
) § ey i ) P i product.. maybe  good (dea 1o go back mnd check
occurred in media containing either regular or steroid growth-factor-deficient FBS, suggesting that the 4l ref’ for hew they repar the test matenals ad use

the lemmimalogy ised by the authors

proliferative effect was mediated through a nonestrogenic pathway. Maximum induction levels ranged from 121
+10.3% for 10 pg/ml “Roundup” in regular FBS and 135 + 3.5% for 2.28 x 10 M gdlyphosate in steroid growth-
factor-deficient FBS. None of the test agents used in these experiments was shown to be cytotoxic at the
concentrations used in the seven-day proliferation studies. Also, neither glyphosate nor “Roundup” was shown
to induce apoptosis. While these results suggest that glyphosate may be able to induce cell proliferation, this
response is not mediated through an estrogenic pathway.

Using an in vitro system, Meulenberg (2002) tested the ability of various endogenous steroids, pharmaceutical
agents, pesticides, and pollutants to displace estradiol (E) from human sex hormone-binding globulin (SHBG),
a high affinity, but low capacity, hormone-binding protein found in the blood that functions in the transport of
sex hormones and protects against their degradation. Changes in the binding capacity of SHBG will affect the
free concentrations of various sex hormones. Because It is assumed that only the free fraction of such
hormones can exert biological activity, such changes will likely result in hormonally-mediated changes in the
organism, Microtiter plates were coated with rabbit anti-SHBG antibady, and using these plates, SHBG was
isolated overnight from the serum of pregnant women. Following several washes, tritiated E,, along with the
test compound, was added to the microtiter ptates. Following 48 hours incubation, supernatant was removed
from the plates and the amount of radioactivity in the media was measured using a scintillation counter.
Because testosterone is known to have a three times greater affinity for SHBG than E, it was used as a
positive control. The binding of varying concentrations of test agents was referenced to the standard curve for
testosterone. Affinity of these compounds for SHBG was defined as an ability to displace tritiated E, to an
extent comparable to that of testosterone, The study authors indicate that glyphosate showed ambiguous

-| PAGE | -
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DRAFT
results for displacement of E: from SHBG, although actual experimental data were not shown, These results

indicate that glyphosate should not affect the ability of SHBG to bind sex hormones in the blood.

In Xie et al. (2005), the estrogenic potency of glyphosate, three non-glyphosate-based herbicides, and two
types of ethyoxylate-containing surfactants (R-11 and Target Prospreader Activator [TPA]) was determined
using the in vivo rainbow trout vitellogenin assay. In fish, adult female production of vitellogenin is mediated by
estrogenic activity; thus, vitellogenin expression is thought to serve as a biomarker for chemicals likely to alter
estrogenic activity in fish and other animals. In this study, exposure of the fish for seven days to 0.11 mg/L
glyphosate had no effect on vitellogenin levels, suggesting that glyphosate is unlikely to alter estrogenic
activity. Recommended concentrations of both 2,4 dichlorophenoxyacetic acid and trichlopyr increased
vitellogenin production, suggesting that these chemicals can exert estrogenic activity. Mixtures of both these
pesticides with the surfactants led to a significant increase in vitellogenin levels.

Kojima et al. (2004) tested over 200 pesticides for their ability to act as agonists and antagonists to two human
estrogen receptor (hER) subtypes, hERa and hERE, and a human androgen receptor (hAR). For each
hormone receptor of interest, Chinese hamster ovary cells were transfected with the appropriate cDNA
expression vector, along with a reporter plasmid containing either an estrogen-responsive element or an
androgen-responsive element, and a Renilla luciferase expression vector (used as an internal control for
determining transfection efficiency). After three hours transfection, cells were dosed for 24 hours with varying
concentrations of test agent. To assess antagonistic activity to hER«, hER[}, and hAR, test agents were co-
administered to the appropriate transfected cells with either 107" M E;, 10" M E,, or 10"° M 5a-
dihydroxytestosterone (DHT), respectively. Following incubation, expression of the response element-linked
luciferase reporter was measured and normalized against that of the Renilla transfection control vector.
Agonist activity was measured as the concentration showing 20% relative effective activity (REC4) as 107" M
E,, 107 M Ez, and 107 M DHT at the hER«, hERJ, and hAR, respectively. Antagonist activity was expressed
as the 20% relative inhibitory concentration (RICzq); that is, the concentration of test agent causing 20%
inhibition of activity of 107" M Ez, 107" M E, or 10'% M at the hER«, hERp, and hAR, respectively. Although
not completely clear from the methods section of the paper, it appears that the authors deemed a test égent
positive for agonist or antagonist activity when, at the range of concentrations tested (10 to 10°° M), the test
agent showed greater activity than the REC2, or RICq, respectively. The values presented in the paper are
the mean and standard deviations derived from at least three independent experiments. Although glyphosate
was tested, it was not identified as a chemical having agonist or antagonist activity at any of the three receptor
sites evaluated. It must be noted that specific tests for cell toxicity were not conducted, although assays were
conducted at concentrations < 10° M to minimize cytotoxicity Based on these results, glyphosate does not
appear to affect hormone binding at the hER«, hERJ, or hAR.

-| PAGE | -
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DRAFT
In Walsh et al. (2000), researchers assessed whether glyphosate or Roundup could affect the synthesis of the

steroidogenic acute regulatory (StAR) protein. The StAR protein, located on the outer mitochondrial
membrane, transports cholesterol to the inner mitochondrial membranes (Granot et al., 2002). The study
authors hypothesized that this protein might be particularly sensitive to environmental toxicants in general
because its active precursor form is both highly labile and critically dependent on trophic hormone stimulation.
Translecation of cholesterol across the mitochondrial membranes is a rate-limiting step in steroidogenesis, so
slight disruptions of StAR function and/or synthesis can potentially cause adverse effects. In this study, the
authors showed that Roundup (180 g/L glyphosate) significantly inhibited steroidogenesis (as seen by
decreased progesterone production in MA-10 cells) by inhibiting StAR protein expression. The authors note
that glyphosate alone, however, did not have any effect on steroidogenesis or protein production at any
concentration tested (0-100 pg/mL), indicating that the effect on StAR was dependent on other components of

the herbicide formulation.

Levine et al. (2007) investigated the potential role of the surfactant in a Roundup-branded formulation in the
inhibition of progesterone production upon treatment of MA-10 mouse Leydig cells. In this study, MA-10 cells
were exposed for two hours to various surfactants (LAS D-40 [a linear alkylbenzene suifonate], alcohol
ethoxylate, lauryl sulfate [SDS], and benzalkonium chlcride), as well as a concentrated Roundup-branded
Lawn and Garden herbicide (with 180 g/L glyphosate isopropylamine, and 6.53 g/L surfactant [primarily
POEA]), and Roundup blank (formulation without glyphosate). Both the Roundup-branded formulation and
Roundup blank decreased the hCG-stimulated increase in progesterone praduction. In both cases, the median
inhibition concentration (ICsq) was approximately 5 mg/mL. ICs, values for the four other surfactants were
similar to that of the Roundup branded formulation and Roundup blank, indicating that: 1) the effect on
progesterone is largely attributable to the surfactant, and not glyphosate, and 2) surfactants, in general,
decrease hCG-stimulated progesterane production. The impact of the various surfactants on StAR protein
levels was also assessed by Western Blot analysis on hCG-stimulated and non-stimulated MA-10 cells.
Exposure to the surfactants, Roundup-branded formulation, and Roundup blank resulted in decreased levels of
the 30 kDa form of StAR protein, but not the 37 kDa precursor form. Because formation of the 30 kDa form
requires mitochondrial import and processing of the 37 kDa precursor, the effect of treatment on mitochondrial
potential, an indicator of proper mitrochondrial membrane function, was measured using the JC-1 cationic dye.
Treated MA-10 cells demonstrated a loss of hormal mitochondrial membrane potential, meaning that proper
import and processing of the 37 kDa form of the StAR protein was disrupted upon treatment. This finding
explains the previously observed decrease in the 30 kDa form of the StAR protein. Additionally, this effect on’
mitochondrial membrane potential was made for benzalkonium chloride and the alcohol ethoxylate surfactants,
the Roundup branded formulation, and Roundup blank at concentrations below those that affect
steroidogenesis. Overall, these resulis strongly support the concept that the adverse effects of Roundup

-[ PAGE ] -
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DRAFT
branded herbicidal formulations on stercidogenesis are not mediated by glyphosate exposure, but rather, by

the effect of surfactants on unprotected cells in culture.

Richard et al. (2005) examined aromatase activity and mRNA levels in JEG3 cells (derived from a human
placental choriocarcinoma cell line) exposed to pure glyphasate or unspecified Roundup. Because glyphosate
affects the cytochrome P450 activity of plants (Lamb et al., 1998), the study authors hypothesized that
mammalian aromatase (also a cytochrome P450 enzyme) could be adversely affected. Additionally, the
authors wished to further investigate claims made in other studies that glyphosate and/or an unspecified
diluted in water to concentrations of <2% based on the recommended concentration for agricultural use of 1-
2% in water. Concentrations of pure glyphosate equivalent to those present in the range of Roundup dilutions
tested were also used. Aromatase activity was measured at one and 18 hours post treatment by determining
the amount of tritiated water released from the radiolabeled aromatase substrate, [18-*H]-androstendione. RT-
PCR to amplify aromatase and GAPDH (as an endogenous control) mRNA was performed. General cell
viability was also measured. Roundup had a more pronounced effect on cell viahility than equivalent
concentrations of pure glyphosate, indicating that the formulation ingredients played an important role in

affect aromatase activity at one or 18 hours at any concentration tested (< 0.8%, or the highest dose at which
marked cytotoxicity was not observed). Likewise, aromatase mRNA levels were unaffected by 18 hour
treatment with <0.1% glyphosate. Incubation of the cells in Reundup for one hour, however, increased
aromatase activity at all concentrations examined (0.02-0.2%). In contrast, incubation in Roundup for 18 hours
caused a dose-dependent decrease in aromatase activity at all doses tested (s0.8%). Levels of aromatase
mRNA were also significantly decreased upon 18 hour incubation with 0.02 and 0.06% concentrations of
Roundup. It was noted that, if glyphosate was combined with 0.02% Roundup, a greater decrease in
aromatase activity after 18 hour incubation was seen than with 0.02% Roundup alone; however, the
concentration of pure glyphosate used in this experiment was not indicated. The authors also measured
aromatase activity in microsomes prepared from human full-term placental tissues incubated for 15 minutes
with higher concentrations of Roundup and glyphosate (<10 and 1.1%, respectively). In this case. Roundup
and glyphosate significantly decreased aromatase activity at concentrations of >0.05% and 20.5%,
respectively. Because significant cytotoxicity would not be expected at 15 minutes post treatment, the
decrease in aromatase activity likely is not due to cell death. Based on additional experiments using
microsomes derived from equine testis, the study authors conclude that the rapid decrease in microsomal
aromatase activity is due to competitive inhibition, however, only data using Roundup are presented in the
paper. Based on these results, the authors conclude that the additives in Roundup play a key role in its effect
on aromatase, but that glyphosate itself can elicit toxic effects as well. Although it was shown that pure
glyphosate added to Roundup further decreased aromatase activity, the concentration of glyphosate required
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to elicit this effect was not indicated. Finally, in interpreting such findings for human health risk assessment,

one must consider that the internal glyphosate concentration anticipated to reach sensitive tissues is several
orders of magnitude lower than those used in this study. Because these experiments were all conducted in an
unvalidated in vitro system using physiologically irrelevant concentrations and the authors were thought to
have greatly over-interpreted the results of their studies, the French Ministry of Agriculture and Fish concluded
that the study of Richard et al. (2005) provided no information that was of use for human health risk
assessment (Committee for Study of Toxicity, 2005)._As discussed previously, It is now recognizad that testing

surfactant like substances in such a test system s not valid.

Despite the Issues surrounding results reported by Richard et al. (2005), Benachour et al, (2007) conducted a
similar study using both JEG3 cells and the human embryonic Kidney 293 cell line. The effects of 1-2%

concentrations of Roundup Hermulatisa-Bioforce™ with-(360 g/l acid glyphosate) and equivalent glyphosate " comment [drf2): Roundup Biofarcs is theyime

L of the product

concentrations on cell viability and aromatase activity were assessed using cultures incubated in either serum-
containing or serum-free media. The glyphosate solution used in many of these experiments was reported to
have been pH adjusted to 5.8 (equivalent to the pH of 2% Roundup Bioforce solution). Following 1, 24 or 48
hours incubation, 293 cells were shown to be maore sensitive to the cytotoxic effects of treatment than JEG3
cells; cells in serum-free media were more sensitive than those incubated in serum-containing media; and
Roundup Bicforce was shown to be substantially more cytotoxic than glyphosate itself. In additional
experiments, both Roundup_Bicforce and glyphosate reduced aromatase activity in 293 cells cultured for 24
haurs in serum-free medium and human placental microsomes treated for 15 minutes. Roundup Bicforce was
also shown to affect aromatase activity in equine testicular microsomes and this effect appeared to be
temperature responsive. The sensitivity of the cells incubated in serum-free media is not surprising. Serum
supplementation of culture media provides cells with necessary nutrients and other protective elements. Along
these lines, the authors report that cells grown in the absence of serum were not viable after €0 hrs, regardiess
of treatment. The authors interpret the results of their studies to suggest that glyphosate is cytotoxic and
possesses endocrine-disrupting properties. Because many of these experiments were done using serum-free
media and the pH of the glyphosate solution was only adjusted to be equivalent to that of Roundup and not to
physiological pH, however, itis likely that many of the effects observed following treatment are due to changes
in pH rather than a direct effect of glyphosate on the cells. Ideally, the pH of the glyphosate solution should
have been adjusted to physiological pH for these experiments. Alternatively, a negative control treatment using
media that was pH adjusted to 5.8 could have been included. Interestingly, in at least one of the experiments
measuring the effects of Roundup treatment on aromatase activity in microsomal preparations, the pH of the
Roundup was adjusted to physiological pH (7.4), Why the pH of the glyphosate solution was not similarly
adjusted in these experiments is not clear._Given the confounding surfactant effects of damaging cell

membranes the value of these data is guestionable.
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Gasnier
A simiiar publications from Gilles Seraiini's Isborstory at the University of Caen, France by Gasnier et al. -— —{ Formatted: Line spacing: single, Don't adjust
(2009). agair focused exclusively on glyphosate and Roundup formulations in comparable test systems to thelr { space between Latin and Asian text, Don't

i adjust space between Asian text and numbers

eariier publications. The same methodological flaws exist in this research, applving surfactants to celis in
culture and treatment of cell fings in serum-free media. Their data intergretation not surprising, but incorrectly.
sugqests glyphosate based formulations exhibiting endocrine disrupting activity. To no surprise, giyphosate
alone was innocuous. This is also reflacted in the European Centre for Ecctoxicology and Toxicology of

__—{ Formatted: Font: (Default) Arial, 11 pt,

Chemicals (ECETOC} "Guidance en Identifying Endocrine Disrupting Effects” (2009}, in which (i) glyphosateis | Complex Script Font: Arial, 11 pt

exemplifisd as a non- endocrine disrupting substance and (i} Richard et 2l. (2005) is discounted, cifing
methodoiogical flaws.,

Hokanson et al. (2007) examined gene expression in MCF-7 cells in response to treatment with 0.0001 -=0.1%
dilutions of a herbicidal formulation containing 15% glyphosate (exact formulation not specified). Following 18
hr exposure, the expression of 1,550 genes in treated and control cultures was evaluated using a DNA
microarray platform. The authors report that 680 genes were either up-regulated or down-regulated in
response to glyphosate treatment; however, it is not clear if the variability in gene expression of control cells
was taken into account. The authors then examined expression of seven of the genes in more detail using
quantitative PCR. In this analysis, only three of the seven genes evaluated continued to show up- or down-
requlation; the other four failed to show disregulation in response to treatment. The three genes that continued
to demonstrate a treatment-related effect (hypoxia inducible factor 1 [HIF1], early growth response 1 [EGR1],
and chemokine ligand 12 [CXCL12]) were said to also be affected by treatment with 3x 10"° M estrogen,
which induced a response that was intermediate between that of control treatment and treatment with estrogen
plus herbicide The authors interpreted these results to mean that glyphosate treatment altered estrogen
regulation of gene expression; however, it cannot be determined whether the gene response may be due to
formulation ingredients besides glyphosate or an effect of treatment on pH of the cell culture media.
Furthermore, no evidence exists in the study to suggest that the effect of herbicide treatment was mediated
through an estrogen-related pathway.

Summary - Endocrine Disruption

Overall, these studies do not suggest that glyphosate is an endocrine disruptor. When tested alone, glyphosate
was shown to be not estrogenic in a number of assay systems. Glyphosate did not activate the estrogen
receptor or affect its ability to bind its normal endogenous ligand in either in vitro or in vivo test systems (Petit
et al., 1997; Xie et al. 2005; Kojima et al., 2004); glyphosate also failed to displace estradiol from human sex
hormene-binding globulin (Meulenberg, 2002). Although a Reuadus-Roundup brand fermulation was able to
alter StAR protein function (Walsh et al., 2000), aromatase activity (Richard et al.. 2005; Benachour et al.,
2007). and inhibit progesterone production (Levine et al., 2007), these same effects generally were not
observed when glyphosate was tested alone, suggesting that the responses were due to another component of
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the pesticide formulation — likely a surfactant as shown in the study by Levine et al. as a non-endocrine

mechanism (2007). Finally, while both Round-up and its active ingredient, glyphosate, were able to induce the
proliferation of estrogen-responsive MCF-7 cells in culture (Lin and Garry. 2000), the use of steroid growth
factor-deficient serum suggested that this response was not mediated through an estrogenic pathway.

Reproductive Function

Yousef et al. (1996) investigated the impact of glyphosate, as well as that of other pesticides, on the motility of
human and rabbit sperm in vitro. This study was done, in part, to evaluate the utility of the motile rabbit
spermatozoa assay as a test system for predicting human responses to male reproductive toxicants, The
concentration of glyphosate used cannot be determined because the paper suggests that a glyphosate-based
herbicide, and not pure glyphosate, was used in these experiments, and neither the commercial name nor the
glyphosate concentration of this formulation is provided. Following incubation of sperm in varying
concentrations of pesticides in either protein-free medium or medium containing bovine-serum albumin (BSA),
a sperm motility index (SMI) was calculated. This index was based on the percentage of sperm that were
motile and the motility grade of the sperm (with values ranging from zero in cases of no motility to four for
cases of fast forward progressive movement). Fifteen minutes incubation in BSA medium containing what the
authors report as 250, 500, or 1000 pM of the glyphosate-based test solution resulted in rabbit SMI values of
2.4, 2.0, and 1.8, respectively, versus a control SMI of 3.5. In contrast, the glyphosate-based test solution
administered in protein-free medium for 15 minutes resulted in a rabbit SMI value of 0, regardless of the
concentration, versus a control SMI value of 2.7. Following 60-minute incubations with varying concentrations
of the glyphosate-based test solution, the ICs; values for rabbit sperm were 23.3 uM and 500 uM in protein-free
medium and BSA medium, respectively. Similarly, the ICsq values for human sperm motility were 48.2 uM and
740 uM in protein-free medium and protein-containing (BSA) medium, respectively. Although these results
suggest that the protein present in BSA-containing medium partially protected the sperm from the harmful
effects of treatment, little else can be concluded from this study. Because an herbicidal formulation was used
rather than pure glyphosate, it is consistent with the aforementioned and reviewed studies that the observed
resuits were due to the presence of surfactant rather than glyphosate. Furthermore, the study authors did not
mention whether they corrected the pH of the media following the addition of the pesticides. Certainly, a pH
outside the normal range would adversely impact sperm motility, regardless of treatment agent. Thus, the
observed effects may have little to do with the actual agent administered in the study. Overall, this study
provides no information regarding the potential adverse reproductive effects of glyphosate for men.

Conclusions
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Overall, the aggregate of available mechanistic data does not provide a plausible mechanism of action by

which glyphosate may cause adverse developmental or reproductive effects in humans. Many of these studies
provide inadequate description of the test agent(s) — particularly, whether test systems were treated with pure
glyphosate or a glyphosate-based commercial herbicide — and the final doses of glyphosate to which test
models were exposed. These deficiencies make it impossible to determine whether the observed results can
be attributed to glyphosate or another formulation ingredient, such as the surfactant. Furthermore, in the only

study to test for this possibility (Levine et al,, 2007), the results demonstrate that most of the observed effects . —{ Comment [drf3]: Most affects? What effects

i were obseryed that would not be considered refated

are mediated through the surfactants present in the herbicidal formulations and consumer products. Finally, for { fo the strfactants?

the purposes of a human health risk assessment, these data provide very little relevant information. For one,
the doses administered in these /n vitro studies are substantially higher than those anticipated to be
experienced as a result of dermal contact or oral ingestion of glyphosate. Additionally, these studies, by their
very nature, do not take into account such factors as absorption, distribution, metabolism, and elimination, all
of which play important roles in shaping human exposure responses. In conclusion, these data do not show a
plausible and consistent mechanism by which glyphosate could cause developmental or reproductive problems

in humans or animals.
EVALUATION OF BIOMONITORING DATA

Although the above hazard assessment for glyphosate fails to demonstrate any consistent evidence to indicate
that glyphosate exposure may cause adverse developmehtal or reproductive health effects in humans, a
review of the available biomonitoring data was considered pertinent to this evaluation in order to better
understand the reasonably anticipated exposure levels for humans. To date, only a small body of biomonitaring
data exists for assessing exposure |evels associated with glyphosate field application (Table 12). These data
are derived from studies looking at occupational pesticide levels in tree nursery workers (Lavy et al., 1992,
1993), those involved in the spray-clearing of brush (Cowell and Steinmetz, 1990a; Jauhiainen et al. 1991),
and members of farm and non-farm families (Baker et al., 2005; Acquavella et al., 2004, 2005, Mandel et al.,
2005; Curwin et al., 2007a,b). Two other biomonitoring studies of glyphosate have been published
(Abdelghani, 1895, Centre de Toxicoiogy du Quebec, 1988), but neither study provides measures of individual
systemic glyphosate concentrations, and thus, they are not discussed in this review. Studies that measured
glyphosate exposures via passive dosimetry only (for example, on clothing, in air samples, or through hand-
washes alone) were also excluded from analysis as these types of exposure measures do not provide a
predictive indicator of internal dose

In a study sponsored by the US Department of Agriculture, Cowell and Steinmetz (1990a) measured
dlyphosate concentrations in the urine of forestry workers involved in the mixing and backpack spray
application of a Roundup herbicide at three different locations. Although all 16 workers were involved in spray
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application of the herbicide, only one worker at each site prepared and mixed the Roundup herbicide prior to

application. Air samples from the breathing zone of each worker were collected using an air filter and portable
pump. Passive monitering was conducted using hand washes and gauze patches placed at various pre-
determined locations on the workers' clothing. To determine the percent of clothing penetration, patches were
also worn underneath the clothes at sites adjacent to those where outside patches were attached. Urine
samples were collected on the day before, the day of, and three days following herbicide application. Twelve
hour composite samples from each worker were analyzed. Following sample processing, glyphosate was
quantified using high pressure liquid chromatography and fluorescence detection. The lower limit of method
validation (LLOMV) was reported to be 0.01pg/mL for the urine samples, 0.5ug for each air filter, and 0.1ug per
patch. For the purposes of exposure assessment, data less that the LLOMV were assumed to be equal to 2
the LLOMV. Applicator body doses were calculated based on the first 72 hours following application. Only five
of the 16 workers had measurable glyphosate concentrations in their urine on the day of application; all other
urine samples were below the limits of detection. Based on analysis of the collected urine samples, the
estimated average total body dose following spray application was 18.8ug. In comparison, the estimated
average total body dose based on passive dosimetry measures was 274g. These data show that passive
dosimetry estimates are approximately one order of magnitude higher than those based on biological

measures.

Jauhiainen et al. (1991) measured glyphosate concentrations in air and urine samples from five workers
employed in the spray-clearing of forest brush. Workers were involved in the daily mixing of their own herbicide
sprays, wore limited protective equipment (primarily helmets and gloves), and did not have access to wash
facilities during their workday. A conirol group of five forest workers involved in the planting of trees was also
evaluated. Air samples from the breathing zone of the workers were taken daily for one week using a portable
pump. Sampling times varied from one to six hours. Urine samples were collected over the test week at the
end of each workday, as well as after a three-week follow-up period. Following sample processing, glyphosate
concentrations were measured by gas chromatography, with a detection limit of 0.1ng/ul (0.3pg/m’). Mid-week
air samples contained less than 1.25ug glyphosate/m® air. The highest recorded air sample readings were 2.8
and 15.7pg/m’. All urine glyphosate concentrations were below the limits of detection.

Lavy et al. (1992, 1993) measured glyphosate exposure levels among conifer seedling nursery workers.
Fourteen workers, including applicators, weeders, and scouts, were employed at two tree nurseries that used a
Roundup herbicide. In this study, three different types of measurements were taken to assess potential and
real exposures. dislodgeable residues, passive monitoring, and biclogical monitoring. To assess the amount of
residual glyphosate that couid be dislodged from conifer seedlings during contact with the plants, 100 gram
samples of fresh seedlings were shaken and rinsed under water for 45 seconds each. These measurements
were made twice weekly over four Spring/Summer months. Passive monitoring of exposures was conducted
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using gauze patches attached to the clothing of workers at nine potential exposure points and via hand-rinses

of the workers taken at the end of the same workday. These measurements were taken one day per week over
the entire course of study and composited for each day of measurement to provide total passive exposures for
each worker. Biological monitoring involved collection of total daily urine for each worker over 12 consecutive
weeks. Twenty-four hour samples were also collected once weekly for five months following the study period
for each worker. Glyphosate concentrations were determined using the analytical procedures of Cowell and
Steinmetz (1990b). The limit of detection for urine samples was 0.002 ppm and the lower limit of method
validation was defined as 0.01 ppm. Of the 78 dislodgeable residue samples taken at 21 different sampling
times, only one sample was positive for glyphosate residue, measuring 138.5ug glyphosate. This finding
indicates that dislodgeable residues are not a significant source of glyphosate exposure for nursery workers.
Passive exposure measurements indicated that ankles and thighs received the greatest exposure, with 98% of
exposures occurring at or belaw the thigh. Applicators received greater exposures than weeders. Scouts
showed minimal exposure, with only one of 23 hand washes and one of 34 composited paich samples being
positive for glyphosate. Normalizing the composite exposure values for body weight and exposure period
resulted in average exposure levels of 7.2 x 10®, 2.0 x 10°*, and 1.6 x 10 malkg/hr for applicators, weeders,
and scouts, respectively, A total of 355 urine samples were analyzed from the 14 workers over the course of
study; however, all samples were below the limits of detection for glyphosate. These results suggest that,
despite the level of passive exposures measured, actual internal doses of glyphosate received by the workers

were minimal to non-existent.

The Farm Family Exposure Study was initiated in 1999 and ultimately involved the biomonitoring of 95 families
for glyphosate, 2,4-D, and chlorpyrifos exposure during years 2000 and 2001 (Baker et al., 2005; Acquavella et
al., 2004, 2005; Mandel et al., 2005) Only the results related to glyphosate application are discussed herein,
Families were randomly selected from listings of licensed pesticide applicators in South Carclina and
Minnesota. Eligibility requirements were as follows: family had to consist of the farmer, spouse, and at |east
one child between the ages of four and eighteen; the family had to live on the farm and to farm at least ten
acres within one mile of the home, onto which they planned ta apply one or more of the study pesticides within
the study period as a part of nermal operations; the family members had to be willing to collect 24-hr urine
samples over five days, starting one day prior to the pesticide application through three days following
application. Parents filled out pre- and post-application questionnaires detailing family activities and application
practices. Also, frained field staff were on hand to observe the pesticide application. Forty-eight of the 95
families provided specimens related to glyphosate application; these included specimens for 79 children. Urine
samples were analyzed for glyphosate using chelation ion exchange to concentrate and isolate the pesticide,
followed by high pressure liquid chromatography and fluorescence detection. Glyphosate findings were
adjusted for recovery of the analyte using values obtained from spiked field- and travel-samples. Recovery was
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69% for a 10ppb sample and 78% for 100ppb samples. The detection limit was 1ug/l for a 100 ml urine

sample.

Twenty-nine percent of the farmers applied glyphosate within one week prior to their participation in the Farm
Family Exposure Study. Glyphosate was applied using a tractor and boom sprayer In all cases. Twenty-nine
percent of these farmers did not wear rubber gloves during the application process, 15% spilled pesticide
during the mixing and/or loading stages of application, and 27% worked on their equipment during the
application process. Only 60% of farmers had detectable glyphosate levels in their urine on application day, the
day of highest glyphosate readings. By three days post-application, this number had declined to 27%. Urine
concentrations of glyphosate ranged from below the limit of detection to 233ppb. The geometric mean value for
farmers was 3.2ppb on application day, and declined to 1.0ppb by post-application day 3. Use of rubber gloves
had the greatest influence on urinary concentrations. Other factors associated with urine concentrations of
glyphosate in the farmers included the number of imes the farmers mixed and loaded the glyphosate, use of
an open cab tractor, obser\{ed skin contact with the pesticide, and repair of the application equipment. The
number of acres treated had no influence on urinary glyphosate concentrations.

Only two of 48 spouses had detectable glyphosate concentrations in their urine on application day. The highest
urine concentration of glyphosate in a spouse was 3ppb. No spouses participated in the pesticide application
pracess. Nine of 78 children had detectable glyphosate concentrations in their urine on the day of application;
all but one of these were reported to either be present during or to have helped with the pesticide application.
The highest glyphosate urinary value in a child was 29ppb.

Systemic doses of glyphosate were calculated for all participants with detectable urine glyphosate
concentrations. For each individual, the total amount of glyphosate excreted during the study period was
determined, adjusting for incomplete excretion and pharmacokinetic recovery; this value was then divided by
each individual's body weight for determination of an individual's systemic dose. Using these calculations, the
maximum systemic dose for farmers was estimated to be 0.004mg/kg and the geometric mean value was
estimated to be 0.0001mag/kg. Maximum systemic doses for spouses and children were estimated to be
0.00004mg/kg and 0.0008mg/kg, respectively. These values are all well below the oral reference dose for
glyphosate of 2mg/kg/day set by the U.S. Environmental Protection Agency (US EPA, 1993).

Curwin et al, (2007a,b) conducted a similar study of both farm and non-farm families residing in lowa during
the spring and summer of 2001. Exposure to seven target pesticides (atrazine, acetochlor, metolachlor,
alachlor, chlorpyrifos, glyphosate, and 2 4-D) was examined,; however, only the results for glyphosate are
discussed herein. Study recruitment was done by convenience sampling. Study eligibility requirements were as
follows: households had to reside in one of ten counties in central or eastern lowa and have at least one child
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under the age of 16 years; non-farm families had to reside on land that was not used for farming and no one in

the household could be employed in agriculture or the commercial application of pesticides; farm families had
to use at least one of the seven target pesticides. Twenty-five farm families (66 farm children) and 25 non-farm
families (52 non-farm children) were enrolled in the study. Each household was visited twice during the study
period and two urine samples collected from participants at each visit (one from the evening and one from the
following morning). Dust samples were collected during each visit according to standard practices established
by the American Society for Testing Material (ASTM). Urine samples were kept cool, then shipped frozen to
the laboratory, where they were analyzed for parent pesticides and metabolites by immunoassay. The limit of
detection (LOD) for glyphosate was 0.9 pg/L. Urinary concentrations data were recorded as positive values at
or above the LOD, positive values below the LOD, or non-detects. These data were then analyzed using two
different approaches. In the maximum likelihood estimation, urinary concentrations reported as either non-
detects or at levels below the LOD were set at the LOD far the assay. In the mixed-effects modeling approach,
positive urinary concentrations below the LOD were used as reported and non-detects were set at one-half the
lowest positive concentration measured. Urinary creatinine levels were also measured and used to normalize
for total daily urinary voids when estimating daily pesticide exposures. Only 30% of absorbed glyphosate was
assumed to be excreted in the urine and this information was used to correct for total glyphosate exposure

In the case of glyphosate, urinary concentrations were above the limits of detection for 65-75% of the parent
samples and for 81-88% of children's samples. Furthermore, farm and non-farm families did not significantly
differ in their mean urinary concentrations of glyphosate. The study authors surmised that this may be because
glyphosate use is not restricted to agricultural practices, but rather, may be commonly seen in residential
settings as well. Geometric mean urinary concentrations of glyphosate (using the maximum likelihood model)
were 1.4 pg/L (range: 0.13-5.4 pg/L) and 1 9 pg/L (range: 0.020-18 pg/L) in non-farm and farm fathers,
respectively; 1.2 ug/L (range: 0.062-5.0 pg/L) and 1.5 pg/L (range: 0.10-11 pg/L) in non-farm and farm
mothers, respectively; and 2.7 pg/L (range: 0.10-9.4 pg/L) and 2 pg/L (range: 0.022-18 pg/L) in non-farm and
farm children, respectively. Mean urinary concentrations calculated using the mixed-effect model were similar
These estimated urinary concentrations of glyphosate from this study are all within the same approximate
order of magnitude as those feund in the Farm Family Health Study, discussed above.

Based on these data, the authors estimated the geometric mean doses of glyphosate for both farm and non-
farm children. Again using the maximum likelihood model, the daily absorbed dose of glyphosate for farm
children was estimated ta be 0.11 pgfkg/day (range: 0.013-0.34 pg/kg/day). This was similar to the dose
estimated for nen-farm children: 0.13 ug/kg/day (range: 0.037-0.33 pg/kg/day). However, these values are
approximately 8-fold lower than the 0.8 ug/kg/day glyphosate exposure estimated for farm children in the Farm
Family Exposure Study and certainly lower than the oral reference dose for glyphosate of 2 mg/kg/day set by
the US EPA (US EPA, 1993). The reason for the discrepancy in values between the two studies is not clear,
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but likely relates to differences in adjustments made to account for total urinary void and incomplete excretion

of glyphosate.
Summary - Biomonitoring Data

The body of biomonitering data available for glyphosate is limited at this time. Nevertheless, the data reviewed
herein clearly show that the degree of systemic glyphosate exposure that occurs as a result of normal
application practices is exceedingly small, often below the limits of detection (especially for those not intimately
involved in the application process). In fact, the highest systemic dose estimated from these studies was
0.004mg/kg (Acquavella et al., 2004), a value 500 times below the daily oral reference dose for glyphosate of
2mg/kg/day (US EPA, 1993). These findings indicate that the risk of substantial exposure as a result of
glyphosate application practices is minimal at best.

CONCLUSIONS

An extensive, in-depth analysis of the available scientific literature provides no evidence to indicate that
exposure to glyphosate is associated with the potential to cause adverse developmental and reproductive
effects in humans. While the body of epidemiological data for glyphosate is fairly limited, and none of the
available studies were designed specifically to assess the potential effects of glyphosate exposure, the data as

awhole reveal no developmental or reproductive health problems associated with exposure. A lone exception . Comment [drfd]: Given the serious lunitatians
X . i s X S i of thizamdy whyis it being highlighted and ther
may be the study by Garry et al. (2002), which suggested that ADD/ADHD in children may be associated with . { dismissed?
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parents’ use of phosphonamino herbicides, ia class of herbicides that includes glyphosate; however, this paper
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was not included in the final evaluation because 1) there is wide non-uniformity of criteria used to classify such
neurobehavioral disorders, and 2) the cases discussed in the paper were not confirmed diagneses. Until
additional study is done to specifically assess whether a causal relationship exists between parental exposure
to glyphosate and various neurobehavioral disorders in children, the finding by Garry et al. (2002) should be
given little, if any, welght in a evaluation of potential developmental effects.

In contrast to the epidemiological data, the database of animal studies for glyphosate is relatively robust,
including studies of mice, rats, and rabbits exposed to glyphosate, various glyphosate-based herbicidal
formulations, the major glyphosate envircnmental breakdown product AMPA, and POEA-a surfactants

included in some Roundup branded herbicides. Only one guideline-compliant study found potential effects ~__—{ Comment [drf5]: Why hightight this single smdy}
e N | here?
' - - s s \\
associated with prenatal exposure to glyphosate (IRDC, 1980a). In this study, an increase In resorptions, a t\{ Formatted: Highlight )
decrease in the number of fetuses per dam, and reduced fetal weights were found after gavage of pregnant { Formatted: Highlight ]

rats with 3,500mg/kg/day on GD6-19. This treatment, which exceed the current limit dose by 350%, caused
substantial maternal toxicity, however, suggesting that the developmental findings may be secondary to toxicity
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in the mother rather than a direct effect of glyphosate on the developing fetus. All stherguideline-compliant

studies reviewed found no effects of glyphosate treatment on reproductive health or the developing offspring at

non-maternally toxic doses. (IRDC, 1980a, b; Holson, 1990, 1991; Schroeder, 1981, Reyna, 1990 JUMPR _—{ Comment [drf6]: Thisis the AMPA review. |
FAC/WHO, 1997, Knapp 2007.K Knapp 2008). It should be noted that, while a number of non-guideline-

compliant studies have claimed developmental effects associated with glyphosate exposure (Dallegrave et al .

2003; Yousef et al., 1995, Dariuch et al., 2001, Beuret et al., 2004), these suffer from numerous inadequacies

in design, which makes substantiation of their conclusions problematical. Furthermore, these studies all used

commercially formulated glyphosate-based herbicides rather than pure glyphosate. Thus, findings reported in
these studies cannot be definitively assigned to glyphosate exposure.

Similarly, review of the available mechanistic data related to glyphosate fails to find a plausible mechanism of
action by which glyphosate may be able to induce adverse developmental or reproductive outcomes. It should
be noted, however, that the body of available studies suffers from numerous design inadequacies, particularly
with regard to the type of test agents used (commercially available glyphosate-based herbicides versus pure
gdlyphosate). Furthermore, other than hypothesizing possible mechanisms of action, these data provide little
relevant information that can be used in a human health risk assessment.

Finally, a review of the limited body of available biomonitoring studies shows that, via reasonably anticipated
exposure routes, human exposure to glyphosate is likely to be well below the daily oral reference dose for
glyphosate of 2mg/kg/day, as set by the US EPA (US EPA, 1993). These data show that, regardless of any
potential developmental and reproductive hazards that may be alleged based on misinterpretation of results
from animal and mechanistic studies, the levels of glyphosate to which humans are likely to be exposed are far
below the range of doses considered to be safe by the US and other regulatory agencies worldwide.

In conclusion, a thorough evaluation of the available data demonstrates that exposure to environmentally
relevant glyphosate concentrations is not anticipated to cause adverse developmental and reproductive effects
in humans.
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