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Caspase -Glo ™ 3/7 assay:
Guideline:
GLP:
Guideline deviations:
Plate culture:

Test conditions:

Dose levels:

Cells per well:
Exposure duration:

Replicates per dose level:

DAPI-labelli
Guidine:
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Cytotoxicity assessment, apoptose assessment
Non-guideline assay

No

Not applicable

96 -well plates

Before the assay, cells were treated with different dilutions of
Roundup Bioforce® or glyphosate + 1 Ul/mL of hCG during
different exposure time points. The Caspase-Glo® 3/7 reagent
was prepared in a buffer. After 30 min at room temperature, 50
pL of Caspase-Glo® 3/7 reagent was added to 50 pL of culture
medium containing the cells previously treated. After shaking
the plate 15 min, an ggubation perlod of 45 min at a@‘ient

temperature in the @rk wa@‘%q ) st@lze ignal
before luminescége m emgt 1th¢zmer®eter was
performed.
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10° p{%ell 6- w@late%
N @
3,69, 12@,,246@% @
Q@ 6 S
o & &
@ °%\7\’ @ @
ﬁose essimy Q
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ation with various dilutions of the test

substances, @4-well plates were centrifuged and the medium
d slowly. Leydig cells were fixed for a day in ab
anol-chloroform-acetic acid (6:3:1, v/v/v) at -20

\ rem
Q @%’solu
Ty wells were rinsed with PBS (pH7.4) and incubated

§> pg/mL of a solution containing DAPI during 30 min.
ach well was washed with water and then observed with a
roscope using a fluorescent mode.

Dose levels%0.0S, and 1 % of Roundup Bioforce® and 1% of glyphosate in

Cells per well:
Exposure duration:
Replicates per dose level:

3B-hydroxysteroid dehydrogenase
(3B-HSD) activity:

Guideline:

GLP:

Guideline deviations:

Plate culture:

DMEM/Ham F12 medium
30000 per well in 24-well plates
24h

9

Assessment of testosterone production

Non-guideline assay
No

Not applicable
96-well plates
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Test conditions: Leydig cells were exposed to different concentrations of the
test substances. Afterwards the wells containing the pretreated
cells and 3pB-HSD reagent containing DHEA (substrate), NAD
(cofactor), NBT and nicotinamide were incubated at 37 °C for
45-60 min. Subsequently, as soon as the cells were stained, a
solution of 10% acetic acid was added to solubilise the
previously formed formazan crystals. The 3B-HSD activity was
then measured by reading the optical density of each well at
560 nm (formazan) through a plate reader.

Dose levels: Not exactly specified; several concentrations from 0 — 0.1%
dilutions of Roundup Bioforce® or equivalent concentrations
of glyphosate in DMEM/Ham F12 medium

Cells per well:  Not reported @ o)
Exposure duration: 24 h ‘f§> QK@O ©@ ?\,@ o§»
Replicates per dose level: 9 D @\ \b . § °\©
Radioimmunoassay (RIA) of ((7%» Q N &\ AN
Assessmentdf test one f@du Q
testosterone: @ N Q&

Guideline: Non-gl@ine a%y XN &
GLP: No (@ & o @ ¥

NN )
Guideline deviations: N@pplic&b e § & @@@
Plate culture: trep@ed O O ©
Test conditions:@The @ W&&&Tied@b on '\9 ig cells by competition and

@ stopfped usigg\the iigghod tivated charcoal. 200 puL of
@Q ﬁ@gﬁrle tostgisne stapdard solution, phosphate buffer or
© &cultm&:& perngtal® werédncubated with 100 uL of radioactive
@ @testogpgrone % 100@ of rabbit anti-testosterone antibody.
N \@’@ @b% AfpE30 m% amiggnt temperature the mixture was placed at
Q untid@e negdtay. Afterwards 500 ul of charcoal/dextran
& @ @5 %/5@ was ed and the mix incubated at 4 °C. Finally,

?’\@9 &the tx%@s wer@entrifuged (10 min at 2400 rpm at 4 °C) and

@’ thexg 'oact@ty counted.
Dose @Z\e s: @%00 0005, 0.001, 0.0025, 0.005, 0.0075 and 0.01 %

:,. utionsot Roundup Bioforce® or glyphosate in DMEM/Ham
 F12 gedium

Cells per we@. N@eported
Exposure duration: h
Replicates per dose level.%9
Real time PCR: Measurement of mRNA expression of aromatase, androgen
receptor and estrogen receptor o- and .
Guideline: Non-guideline assay
GLP: No
Guideline deviations:  Not applicable
Plate culture:  6-well plates

Test conditions:  After exposure of Leydig cells with the test substances cell
pellets were treated with Trizol for the cell degradation. The
chloroform was added to recover the aqueous phase containing
the RNA. RNA precipitation was done by adding isopropanol
and washing by adding 70% ethanol.
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250 ng of RNA , 200 U of MMLV-RT (Moloney murine
leukemia virus reverse transcriptase), 0.2 g of random primers,
500 mM of each ANTP and 20 U of recombinant RNasin®
were incubate 90min at 37°C to obtain cDNA, The reaction
was stopped by 5 min at 75 °C. The polymerase chain reaction
was performed on cDNA using the method GoTaq® qPCR
Master Mix (Promega). The PCR conditions were an initial
step at 95 °C for 3 min, then 40 cycles of 30 s at 95°C abd
60°C for 60 s. mRNA levels of aromatase, estrogen receptor o
and B and androgen receptor were normalized using the 119
control gene.

Dose levels: 0, 0.001, 0.005 and 0.01 % dilutions of Roundup Bioforce® or
glyphosate in DME am F12 medium bo

Cells per vs./ellz Not reported &Q ) @" ©@ @‘7 °§9
Exposure duration: 24 h B @\ @ § 0
Replicates per dose level: 9 @b @@ Q\ &\ §
S Q ’
| o S o L &
6. Observations/analyses: Q % X &

Measurements: CltOt@lty @oun 10 @e® or yphosate measured
ade@late se tles, asurements of caspases
3% Cas s of apeptosigyin cell cultures by means of
cencedase thod, @de of chromatin
tlops@DA bell measurement of 33-HSD
@ actl@e c% es mpt\gstost e production secreted from

g ceffp in
S%@@ecs <Al da@e pr@ ase, @ns + SEM. Statistically significant
dlffe ces fi s were determined by an ANOVA test
o\@@) nfe@nl post-test with p<0.001 (¥*%%), p<0.005
&@ ( @md p <0.05 (%).
@ @

£ Lo &
IMBSQH EV@LUATION
e
1. Reliability of study: @w r ﬁ%ble
Comme Noneguideline in vitro test with methodological (i.e. no
postiive controls included) and reporting deficiencies (e.g. dose
@els not always specified).

2. Relevance of study: ot relevant (Due to reliability. In addition, in vitro data, do
not reflect real in vivo exposure situations, and therefore not
relevant for human risk assessment purposes.)

3. Klimisch code: 3

Response - GTF

This publication presents no new findings relevant to the current discussions of glyphosate safety. It is
clear from the previous work of Seralini and others that surfactants can injure or kill cells when applied to
exposed cells living in a Petri-dish environment. It also is not surprising that injured cells demonstrate
activation of injury-response systems or suffer from a general decline in a wide variety of cellular
functions, including hormone production in cells which normally serve that function. The concentrations
used in these experiments are not relevant to human exposures to glyphosate and the experimental system
used is not relevant to whole animal outcomes. Importantly, the alleged impacts on endocrine function
have not been observed in animal studies of glyphosate or other components of glyphosate formulations at
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relevant concentrations. Authors state that the lowest concentration of glyphosate tested was 50 ppm,
several orders of magnitude higher than an anticipated human intake (based on pharmacokinetics
described in Anadon et al., 2009) following worst case dietary exposure at the ADIL

The experiments reported in this publication involve two additional cell types; Leydig and Sertoli cells
from rat testes. However, Petri dish experiments in a laboratory are not representative of exposures to a
living anmimal and are not informative about real-world risks to humans. Instead, these experiments
demonstrate what we already know — substances, soaps, detergents of surfactants, can injure unprotected
cells in Vitro.
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Author(s) Year | Study title
Hokanson, R. 2007 | Alteration of estrogen-regulated gene expression in human cells
Fudge, R. induced by the agricultural and horticultural herbicide glyphosate.
Chowdhary, R. Human & Experimental Toxicology
Busbee, D. Volume: 26

Pages: 747-752

Abstract* Q @ @O @

Gene expression is altered in mammalian cells (MCF-7 @13), b posu@to a@lety o\\\© emicals that
mimic steroid hormones or interact with endocrine recefdrs o ir codctors. %mon 5(-\ ose populations
chronically exposed to these endocrine disruptive mlca@are ns @1 amilies, who are
employed in agriculture or horticulture, or whoqd Qdse ag%culturai@ortlciﬁal chatnicals. Among the
chemicals most commonly used, both commy lly is th@erbicide glyphosate.
Although glyphosate is commonly considered\io b kG ativély” no @(lc @y utilized in vitro DNA
microarray analysis of this chemical to eval its cafacity ter t@Expr n of a variety of genes in
human cells. We selected a group of gene«s% eterm rh' b A igcroar alysis to be dysregulated,
and used quantitative real-time PCR to obo & thei ltered@ates expression. We discussed the
reported function of those genes, w emp@s oﬁ@tered %ym ical states that are capable of
I cl
initiating adverse health effects m’zﬁht @ antici ,é‘ ed 1@6 ex@ssmn were significantly altered in

either adults or embryos exposed i

| ® ) é}
* Quoted from article @ N
& o & D 8

1. Test material: ?’\Q, Q
Tes *~:,@ : gph @formulation
Srce' “Nnknown retail supplier
PurigY' Not@gported
Concentration: o home use preparation

2. Vehicle and/or positive control: BS medium /no positive control

3. Test system/cells: %
Cell line: MCF-7
Source: American Type Culture Collection (Rockville, MD, USA)
Growing medium: MEM (minimal essential medium), phenol red-tree MEM
Source: Gibco (Gaithersburg, MD, USA)

Culture conditions: Not reported

Further materials: 17P-estradiol (E2) (Sigma, St. Louis, USA),
fetal bovine serum (FBS) (Summit Biotechnology, USA)
RZPD microarray chips (Deutsches Ressourcencentrum fiir
Genomforschung GmbH, Berlin, Germany)
Roche’s cDNA synthesis kit (Roche)
Real time PCR kit (ABI, NJ, USA); ABI 7500 Real-Time PCR
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system thermocycler (ABIL, USA)

4. Test method:
Study type: In vitro DNA microarray analysis, quantitative real-time PCR

(qrtPCR)
Guideline: None
GLP: No

Guideline deviations:  Not applicable

Dose levels: 0-1, 0.01,0.001 or 0.0001% dilutions of the glyphosate stock
solution containing 15% glyphosate.
Duration of exposure: 18 h
Exposure: MCEF-7 cells were grawn in MEM in T-150 vented cyltyre
flasks. Upon reachidg60% cg)nﬂuel@/, the mediu S
removed and re;%]ﬁb@d wigt@henolged-fr EMssgntaining
10% stripped aﬁ)ov' 3 erun@SFBS reg@ the E2
availability t cel&er TOWIf ri@@f 24 hours the
cells were tated §@ glyp@pie cqeentra i@s at 0.1, 0.01,
0.001 orQ@001% Fution§3f thegfock s@ ion (i.e. 15%
elyphosdte) witlry witgut 3 x 40™ M2 Tor 18 hours.
DNA micro array: Micr&@ay sis W@ pe@ied in Semmercially available
microdrray . T 18 pospr@cells were harvested and
wa rified§s d@NA ( A) was generated from
@e isol RNAsin che@@NA synthesis kit. Cyanine-
@

an ig@labe nti-sgise RNA was generated and

@ hy 'zed&fﬁlg Wellmer sgotocol. The labelled RNA was
N) @{ﬁed withpa lagd c sample onto the array slides.
© ay S % ary

ybridigation a@y

S
w in an Axon Genepix 4000B. Details

Art g@
@Q @%f th@ ridisa canning procedures were not reported.
. @@qrtPC@@ T@e&ms c ctedgiy semi-skirted 96 well PCR plate using a
N C erct av le PCR system
N RImerEh n gl

Measurem@: S& of@ﬁroaﬂay slides, quantitative rt-PCR
analysis utilized one-way ANOVA followed by
S u ’s test to analyse differences between control and
&) ch@cally treated samples, with P < (.05 considered to be

§ Istically significant.
<

KZEMISCH EVALUATION

1. Reliability of study: Not Reliable

Comment: Not acceptable in vitro methods for test mixtures containing
surfactant. Well documented study publication which meets
basic scientific principles, but surfactants are inappropriate test
substance in cell lines.

2. Relevance of study: Not relevant Temporal altered gene expression is not a
biomarker for toxicity, but rather, may be within the range of
normal biological responses of homeostasis. In vitro
cytotoxicity of surfactants, however, is a significant confounder
in data interpretation. Data do not reflect real in vivo exposure
situations, and therefore not relevant for human risk assessment
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purposes.)

3. Klimisch code: 3

Response - GTF

Relevance of altered gene expression in a cell line derived from a breast cancer should not be
extrapolated to reflect human health endpoints.
Altered gene expression should not be confused with adverse health outcomes. Rather altered
gene expression may equally be considered a biological response within the range of normal
homeostasis.
The authors describe a “bewildering array” of possible human health endpoints, which are
conspicuously absent in the vast glyphosate toxicology data base. §°
The concluding sentence, with implications of both ad@jt and ggetal %@Jam ﬂaclgq\?@)) ogical
plausibility when considering glyphosate in vivo AE@!E, ké)) 1cs oxic:$i/
, N
i $
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IN VIVO DART/ED PUBLICATIONS

Author(s) Year Study title

Yousef, M.1, 1995 Toxic Effects of Carbofuran and Glyphosate on
Salem, M.H., Semen Charact.eristics n Ral?bits.

Ibrahim, H.Z., {3 ournal of Environmental Science and Health. Part
Helmi, S., Volume: 30

Sechy, M.A., Number: 4

Bertheussen, K. Pages: 513-534

Abstract* @ . o 60

The present study was undertaken to investigate the effectQf chromg\tre @t wi <(ﬁ\wo thal doses of
Carbofuran (carbamate insecticide) and Glyphosate ( op erblq@e or@ddy weight and

semen characteristics in mature male New Zealand whie rabpi® Pes fment g&ulted in a decline
in body weight, libido, ejaculate volume, sper @éonc niration, emegltlzﬂ@uctose and semen
osmolality. This was accompanied with increase the @Qrm d degd speri@pand semen methylene
blue reduction time. The hazardous effect of @se p@md @n s et quy & continued during the
recovery period, and was dose-dependent. @ese efi@ts o@perl@%ahty fay be due to the direct
cytotoxic effects of these pesticides on sper togel@ms an@r % tly v@hypothalaml -pituitary-testis

axis which control the reproductive efflcl@
* Quoted from article Q@ o@ @@’ @
@ CAE s
IALs 4RI S
APTIRIALS AND METHORS
e O
1. Test material: % % y\,@ @&
@ % (@hosa@% (@sphonomethyl) glycine)-containing
A Sticid
Te item:
& Carhgfdran @ dihydro-2,2-dimethyl-7-benzofuranol

@@ methylcarbawate)-containing pesticide

Active substaQ@(s) iﬁﬁh%@

Gl sate Monsanto Company, USA
bourc@
arbofuran: Brichima S.P.A., Italy, Brifur
Purity: QN8t reported
Lot/Batch #:3 Not reported
2. Vehicle: Gelatine capsule
3. Test animals:
Species:  Rabbit
Strain:  New Zealand white
Source:  Not reported
Age of test animals at study initiation: § months
Sex: Male
No. of rats: 20
Body weight: 2863 £598 ¢
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Acclimation period:  Not reported
Diet/Food: Ration pellets consisting of 48% berseem hay (Trifolium
alexandrinum), 18% wheat bran, 16% ground corn, 14%
soybean meal, 3% molasses, 0.5% salt, and 0.5% vitamins.
Feed provided ad libitum

Water:  Water provided ad libitum
Housing: Individually in cages
Environmental conditions: Temperature: Not reported
Humidity: Not reported
Air changes:  Not reported
Light/dark cycle: Not reported

4. Test system: @ R @ o bo
Study type: Toxic Effects of@%%of w@ and ‘@ph(@e@ on S%ggn
Characteristic%n abb@@\. \b . @ o\©
Guideline: Non %@ @Q @Q 0&\ §
GLP: No . \@ S © \Q @
Guideline deviations: Not ap able@ & @ o\@
Duration of study: 18 wdeks @ N

Pre-exposure period:

60
Duration of exposure: &wee @Q @b
Recovery perio&@6 wc%%@s N g

O
@ 4®grou ©1/ 1 D5, glyphosate;
@ @™ grup — 1/ ©$!' Ds, glyphosate

& S
\@ T@dosesQf the pesticides were calculated according to the
Q . @imal%@)dy weight on the day before dosing. (The LDs,
Mulues o both pesticides were not reported. Dose levels were
g d ' /kg bw/d
not gyported as mg/kg bw/day.
%9

Animals per dose group: 4 aimals per group
Administration: en orally into a gelatine capsule
5. Observations/analyses:
Test substance preparations:  Stability, achieved concentrations, homogeneity not reported
Mortality:  Not reported
Clinical signs:  Not reported

Body weight: Measured weekly in the morning before access to feed and
water

Collection of test material: Semen was collected once a week from all animals and
continued throughout the 18-week experimental period

Measurement: Volume of each ejaculate;

Determination of seminal initial fructose was carried out
directly after collection;

Methylene blue reduction time (MBRT) was measured using
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methylene blue semen mixture in a capillary tube;

Assessment of live, dead and abnormal spermatozoa were
performed using an eosin-nigrosine blue staining mixture;

Evaluation of sperm concentration by the improved Neubauer
hemocytometer slide using weak eosin solution;

Semen osmolality was determined by measuring the freezing
point depression by using Osmete A (Precision Systems Inc.,
Sudbury, Mass., USA).

Food- and water consumptions: Not reported
Haematology: Not done
Clinical chemistry: Not done
Urine analysis: Not done @
Sacrifice/pathology:  Not reported &@ .
L LN > &L ©
Organ weights:  Not reported b < N N @ N
Histology and morphometry: Not reporte%@ O o
Statistics: Data we&@mlyse@ z erfclalize 'near c@d

[¢)]
&
=]
=
Q
@]
2
o
=
(¢]

a
StatistiedpAna (SAS, 1984
mgnl@nce rep@
@ @ 6&9

)
@@@
KL@HSCH@%AL@TI@ o
CHE
1. Reliability of study: @ N@ehab&
Conuggnt: g@ eling \{%y with major reporting
©© &deflcleﬁe es. levoorly defined as 1/10 and 1/100

gLD&@urlty the te&g ubstances, source of animals,
°\@@ Qr° engyonm ons, mortality, and clinical signs not
@ r@m tes d epididymis weights were determined or
por and n&histopathological examination conducted. In
K@y @@@ sta@@ty and homogeneity assessment of test
@ nce reparatlons were not done or not reported. Rabbits
Q\ @ve 1 ody weights at study start, suggesting impaired

2. Relevance of study: @@Q Notﬂ@f vant (Due to very low confidence in study conduct
ihe madequacy of reporting)

3. Klimisch code:

g

Response — summarized from Williams et al. (2000)

¢ Numerous serious deficiencies in the design, conduct, and reporting of this study which make the results
uninterpretable.

¢ Only four rabbits per treatment group were used, and therefore statistics are questionable.

Rabbits appeared to be small for their age; at study start (32 weeks) tested animals had 16-25% lower body

weight than historical weights for commercially bred animals of the same age and strain.

Low body weights as study start suggest compromised health status of the animals at initiation.

Dose levels were not quantified.

Purity of glyphosate and composition of the glyphosate formulation were not reported.

Inadequate description of test material administration.

Improper semen collection technique reported.
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¢ Report is unclear whether control animal sham handling was undertaken, a critical factor in stress related
outcomes in this species.

¢ Food consumption of test and control groups not adequately reported.

¢ Variability not adequately reported for endpoint measurements in test and control groups, preventing
statistical analysis to support the author’s conclusions.

¢ Dose-responses not observed, despite the wide dose spread.

e Sperm concentrations of all groups within normal ranges for this strain of rabbit.

¢ No meaningful conclusions can be drawn from this publication.



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 787 of 1027
Author(s) Year Study title
Daruich, J. 2001 Effect of the herbicide glyphosate on enzymatic activity in pregnant
Zirulnik, F. rats and their fetuses
Gimenez, M. S. Environmental Research

Volume: 85

Pages: 226-231

Abstract®

To prevent health risk from environmental chemicals, particularly for progeny, we have studied the eftects
of the herbicide glyphosate on several enzymes of pregnant rats. Glyphosate is an organo-phgsphorated
nonselective agrochemical widely used in many countries incl§ging Argentin@nd acls @Q@prout in
a systemic way. We have studied three cytosolic enzymes; Roci dehy@ogen ependent,

glucose-6-phosphate dehydrogenase, and malic dehydr §&aase i Tiverhheart, S bgﬁ@ of pregnant
@%%

Wistar rats. The treatment was administered during 21 Q@ys of w@l week as an
acclimation period. The results suggest that maternal i i

ure @agro@nﬂc@;f?urin egnancy induces
a variety of functional abnormalities in the specific\@ztivit °§ the e@&ym@s\ the g§idied organs of the

pregnant rats and their fetuses. s X &L,
e && &
* Quoted from article AN X @ &)
¢ » @ & & o
°& N o Q %
MAT AL@D MBTHODS ©
2> o S &
, @ & » S
1. Test material: @ ) &\ Ko Q@
Test @n ﬁs%)yci . § N
Active subs@e(s)' Glyphdsa &\ °@
{81lyPho te S

£ @ K I
. \@@ Sour Hemgo F. @S.R.L., Argentinia
&@UBa@#: NQt rep @
@rity: @ot r@)rted @
S 2. % 9
2. Vehicle: x>

Q Tap water ©
3. Test animals: \@ © S
Species

. QO
t @K
Straigs~ Wi
Source: %tional University of San Luis, Argentina
Age of test animals at study initiation'%QIot reported
Sex:” Females
Body weight: 210230 g
Acclimation period: 1 week

Diet/Food: 20 g of stock laboratory diet (elaborated at Cargill) per day;
ingredients: meat flour, bone and meat flour, fish meal, blood
flour, soybean meal, toasted soybean, soy expeller, sunflower
flour, cotton flour, peanut meal, animal fat, corn, wheat,
sorghum, oat, barley, wheat bran, rice bran, gluten meal,
vitamins A, E, B, D3, K3, and B12, niacin, pantothenic acid,
choline, ascorbic acid, bone ash, salt, calcium carbonate,
oyster, manganese oxide, zinc oxide, ferrous sulfate, copper
oxide, sodium selenite, iodine, and cobalt.
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Water:
Food and water for control group:
Housing::

Environmental conditions:

4. Test system:

Study type:

Guideline:

GLP:

Guideline deviations:
Duration of study:

Dose levels:

Animals per test substance group: @Q &) &
Animals per control groq@ Ta

N

35 ml of potable water per day
Low water and food (10 ml and 10 g, respectively)

After mating, individually in cages

Temperature: 22-25°C
Humidity: Not reported
Air changes:  Not reported

12-hour light/dark cycle

Enzymatic activity of cytosolic enzymes in pregnant rats and
fetuses

N s b
o @ °
No O @ % @
KRS Q N oKX

Not applicabl R @\ \b . § o@
21 days duri iy O O L

ys dur TRy S ) Q)
0 (tap wat\@), ©) \Q $
glyphos%e solution 0.58W/v infgap ma@%ose 0.2 ml

slyp te/ ater), @ 9
el 1%1 ion@‘/;%? w/@ﬁita % dose: 0.4 ml
Q6 ) p @;})@ er (dose: 0.

&19 hos @nﬂw@) 6 o
X

: > &
ter gonrol group: N
KQ wate@nand 1o¥eYoo (?%101 group: 6

S .
Q Lhe la grou}@eceiv@énly 10 g food and 10 mL tap water
6 %@per @ Thi%eatm egan in the second week after the
o\@@) Q hi@ ose p ited a decreased water- and foodintake.

@@nisua n:

@ @5 f the
0 watenbottlegp

N

'@ test St

as prepared as solution in tap water.
&sF substance preparations were provided in
¢r day and animal

M @ F@ale raf§ at the proeatrus stage were housed for one night

5. Observations/analyses:

males. Fertilisation was assumed by the presence of

o§@h fe
@ern@ozoa in the vaginal smear. That day was designated as

&

gest@on day 1.
N

Analyses of test material preparations; QNot reported

Measurements:

Mortality:

Clinical signs:

Maternal body weight:

Food- and water consumptions:
Test substance intake:
Haematology:

Clinical chemistry:

Urine analysis:

Sacrifice/pathology:

Enzymatic activity of isocitrate dehydrogenase, glucose-6-
phosphate dehydrogenase, malic dehydrogenase

Not reported
Not reported
Measured daily
Measured daily
Not reported
Not reported
Not reported
Not reported

On day 21 of gestation, rats were anesthetisied with
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diethylether. Each foetus was delivered by rapid hysterectomy,
identified, weighed and then killed by decapitation. Maternal
and foetal livers, hearts, and brains were immediately removed,
washed in a cold saline solution, and stored at -20°C until
analysis. Foetal organs were pooled.

Tissue sample processing:  Livers, hearts, and brains (0.5g/1 ml buffer) were homogenised
in an Ultra Turrax with 0.5 M Tris-HClbuffer, pH 7.4
containing 1 mM dithiothreitol. Cytosolic fractions were
obtained by ultra centrifugation.

Measurements (enzymatic assays): Enzymatic activities of isocitrate dehydrogenase, glucose-6-
phosphate dehydrogenase, and maic dehydrogenase were
measured in the supernant by the determination of the rate of
NADPH formation ai340 nm in a spectrometer. Thegesults
were expressed as 1 NADP/mingng progein. Pr%n
concentration w easby Biet regddon. og\’\y

S G K
Qrgan weights:  Liver, hearts é@brm of ma 1 fi\ $ Q\
Histopathology: Not done. Q

Qe
Statistics: Signiffiw@differ&es g%ﬁ%hg s we@con&dered ata

level o§$< 0. d idenftified By onq &y ANOVA,

Koln@orov- I d \~(? I procedures. In all
\\
theé§ses ﬂ@arlan@ wer mog@ous.
© @@
K@IISCQ@EV@@AT@ &Q

&
1. Reliability of study: @ &%reh @ Q

ent @@ asic fhea glvg@how, the study is performed with
& % me @iolog 1 and £ ortlng deficiencies (unknown exposure
N

Qr le\@s on tosggenzymes measured, inappropriate
N c@trols k 0 sistent dose-response data).
A p
2. Relevance of study: Q@ @ot relpvant e to reliability. In addition, study was
R

Qy pe Stmed vaih a glyphosate formulation (commercialised in

Q\@ Aggehtinagand not with glyphosate)

G

3. Klimisch code:

Response 1 - GTF
e Test substance administration is p@y described, but rough calculations on approximate
surfactant intake show excessiv igh and unrealistic exposures when compared to DART
systemic parental and reproductive/developmental NOAEL values for POEA formulation
surfactants.
o For the low dose group, based on 360 g/L glyphosate solution containing 18% surfactant,
0.1 mL glyphosate (conservatively assumed to be the formulation)/mL water = 0.018 mL
surfactant/mL water. Assuming water consumption of 10 mL/day surfactant intake = (.18
mL per rat per day. Assuming surfactant density of 1 g/mL and 250 gram rat, surfactant
low dose = 720 mg/kg/day.
o Conservative high surfactant dose estimate = 1440 mg/kg/day
o Conservative estimate of surfactant intake is at least one order of magnitude greater than
parental and DART NOAEL values reported in Williams et al. (2012).

Response 2 — summarized from Williams et al. (2012)
e Test substance and doses not adequately described.
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Inappropriate control groups.

¢ Results suggest that the effect of treatment on body and organ weights may be due to reduced food
and water intakes.

¢ A consistent effect of treatment was not observed and dose-response relationships were generally
lacking

¢ The information gathered may be misleading because the enzymes monitored are found in both
the cytosol and mitochondria.

¢ Food restriction affects the activity of many enzymes, including those examined in this study.

e Same comments apply to Bueret et al. (2005; on-line version 2004), in which test group dams
showed a 23% reduction in food consumption, 21% reduction in water consumption and 42%
reduction in body weight gain versus controls.

Q
%@ @Q@ @QQﬁ &Q@
%) <€ N Q
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X Q) Q> @} M%)
& & @ >
o & I 2
O &S o @
%\ G ©© > @@
& S & &
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Author(s) Year Study title

Dallegrave, E. 2003 The teratogenic potential of the herbicide glyphosate-Roundup® in
Mantese, F. D. Wistar rats

Coelho, R. S. Toxicology letters

Pereira, J. D. Volume: 142

Dalsenter, P. R. Pages: 45-52

Langeloh, A.

Abstract®

The aim of this study was to assess the teratogenicity @he @mmd@@yph@@e-Rup(R) (as
commercialized in Brazil) to Wistar rats. Dams were trez %%orall T Or § @ 1000 mg/kg
glyphosate from day 6 to 15 of pregnancy. Cesarean se %erfor regnancy, and
number of corpora lutea, implantation sites, living & de etus@ orp @@ were recorded.
Weight and gender of the fetuses were determined, fetus ere @amlfor e%nal malformations
and skeletal alterations. The organs of the dam%yere I ove dw hed Its showed a 50%
mortality rate for dams treated with 1000 mg/lgg yph tal atlonNere observed in 15.4,
33.1, 42.0 and 57.3% of fetuses from the trol@ 00 0 r,,, »/kg glyphosate groups,
respectively. We may conclude that gl?@osate@-&ound ) 1s 0XIC o)-- the dams and induces
developmental retardation of the fetal ske@n. Q

@@ @
* Quoted from article @@ @§ y\;\%’\, %@ QQ
S
@ﬂ ALS@@D HOQF
@ @ @N o &
1. Test material: % N @ @&

@F est@n l@undub
Actlve sub@ance: ‘}lypl”@ate

ourc@’ Mgéﬁ’nto ofBrasil
LotB @Q%@
Concent%mn@éo
Surfactant Cla@ Po@yethyleneamine (POEA)
Concentration: % (w/v) (POEA)
2. Vehicle: Qistilled water
3. Test animals: %
Species:  Rat
Strain:  Wistar

Source: Department of Pharmacology, Instituto de Ciencias Basicas da
Saude, Brazil

Age of test animals at study initiation: 90 days
Sex: Male and virgin female
Body weight: 200280 ¢
Acclimation period:  Not reported
Diet/Food: Laboratory rat chow, ad libitum
Water: Water, ad libitum
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Housing: FPolyethylene (65 x 25 x 15 cm) home cages, with sawdust-
covered floors

Environmental conditions: Temperature: 22 +2°C
Humidity: not reported
Air changes:  not reported
12-hour light/dark cycle
4. Test system:
Study type: Developmental toxicity study
Guideline: Refers to the EPA (Environmental Protection Agency), 1996.

Guidelines for Reproductive Toxicity Risk Assessment-
EPA/630/R-96/009, Washington, USA, pp. 1-163.

(reproductive toxlclt@protocols segment D). bo
GLP: no @° % D
. - R @ RS
Guideline deviations: Reduced allo atl \me § o\@

Duration of study: From day 6 or\ esta
Dose levels: 0 (water), ,"- , 75 N 1 kg@lyphos&@Roundup@
diluted igry ater

nant % wev@md@mto ﬁ@ groups (n=15+1 per

Administration: T&@@w@f@e pr@lon@ﬁﬁared by diluting the
Roundupsdrmulggion w@, apprggfiate volumes of distilled
(ater. @J) &
@ Apg§at10ns\vere %@onc@ally by oral gavage
N @%mg v@me W /k%
1ng Q fem v{» d edo@ cage with one male during the dark
perlo@ Fem% sho g sperm in the vaginal sperm on the

o\@ @ fo 1ng ing @cre housed individually. The other
&@ f@aales ¢ ret@wed to the cage of the same male, each dark

@ .erlod@%o 15 c@ecutlve days.
5. Observations/analyses: ?’\Qo @@ N @

Test substance preparat@: N@repo (&
Mortality; ~A; sessgﬁb but details (e.g. time points, etc) not specified.
Clinical sign, Not@ orted

Animals per dose group  SIXty

Body weight: M%Ernal body weights were determined daily during
gnancy and lactation periods.

ffspring body weights were determined in weekly intervals
from lactation to puberty

Body weight gain:  The body weight noted at day O (sperm positive smear) in
parent females was considered as 100 %. The differences
observed during the study with regard to this parameter were
expressed as relative weight gain.

Food- and water consumptions: In three day intervals during pregnancy. Data presented as
relative intakes without reference to how data were normalized.
Test substance intake: Not applicable

Sacrifice/pathology: On day 21 of gestation dams were anesthetized with a
combination of 5 mg/kg bw xylazine and 90 ,g/kg bw ketamine
injected intramusculary and subjected to caesarean section.
The uterus was removed and weighed with its contents.
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Organ weights: The weights of the following organs were determined and
relative organ-to-body weights were calculated.

Maternal: heart, lungs, liver, spleen and kidney
Developmental parameters: Number of living and death foetuses, number of implantation

sites, corpora lutea, resorptionssex of pups, sex-ratio, external

malformations and skeletal alterations.

Reported errors include more foetuses than implantation sites

in one dose group.

Note artifacts from atypical fixing and staining of foetal

skeletons may have caused skeletal damage.

Statistics: Parametric data, expressed as mean + S.E.M., were analyzed by
repeated measure ANOVA or one-way ANOVA, followed by
the Duncan test wheg\dppropriate. The non-parametr@ﬂata,
expressed as propo@on or@cen@, weg\\i@‘ﬁal @ by the x*-
test. Differences¥ere c(%@dert be @s@sticésigniﬁcant
when P<0.05. 5 N

@b NS N

S
O
. o X S
KLIMISCHEVALATION, - R
o & & ¥
1. Reliability of study: Not l%nalol@Q N L 9

Comment:  Sitdy desqgh sirz%%@ 0 USPPA @ OECD 414, with
@iati (e.g. group sige] ina ate dosing period) and
@repogt deﬁ@ncie addion, some methodological

@ de&f@enci%@. g hig,opath@ical methods)

2. Relevance of study: @Q ﬁﬂevz@dw for tayesStigating developmental endpoints,
Q &hut qu onab@r ev of this specific study based on low
o greha@ity of fdta an&@terpretation. Test material was a
o\@@) Q fo@late&l@@ duct@ot glyphosate.

N

o © o &

Response 1 - GTF ?g@, @@ x> ©

¢ This non-guideline prenatal elopr@tal taicity study with a POEA containing formulation
may be compared directly@it the @it gui@ine and GLP compliant POEA rat prenatal
developmental toxicity study, i@h t@ same POEA surfactant maternal NOAEL was 15
mg/kg/day, and developmenta AElggvas considered the highest dose tested, 300 mg/kg/day.

e Approximate calculated exposures to W either elyphosate or POEA surtfactant in the formulation
can not be verified because the pulgigation is unclear whether doses are based on the glyphosate
content or actual formulation.

o If based on dose levels (?500, 750 or 1000 mg/kg formulation, surfactant doses are 90,
135 and 180 mg/kg/day, well in excess of systemic maternal NOAEL value of 15
mg/kg/day reported by Williams et al. (2012).

o If based on dose levels of 500, 750 or 1000 mg/kg glyphosate technical acid (versus the
salt form in the formulated product), surfactant doses are even more extreme,
approximately 250, 375 and 5000 mg/kg/day, well in excess of systemic maternal
NOAEL value of 15 mg/kg/day reported by Williams et al. (2012).

e This publication reports excessively high and unrealistic exposures to the POEA surfactant in the
tested formulation.

e While reporting weight gain in an atypical manner as relative %, actual reported mean body
weight gains for mid and high dose groups align with the control group, while the low dose group
body weight gain s approximately 20% less than the control group, indicating significant
maternal toxicity in the low dose group. This significant non-dose related toxicity brings the
quality and accuracy of this study into question.

3. Klimisch code: @
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Response 2 — summarized from Williams et al. (2012)

Non-guideline prenatal developmental toxicity study design.

Test material an unspecified commercial formulation “Roundup,” which was reported to consist of
360 ¢/l. glyphosate and 18% (w/v) POEA.

Treatment doses unclear as to whether glyphosate or formulation concentrations.

15 rats per group, significantly lower than the recommended minimum of 20 litters per group in
OECD 414.

High dose group was further reduced to 7 pregnant dams due to maternal deaths.

Few data presented in the publication.

Unusual data presentation for body weight, food intake and water consumption, all a relative
numbers without any reference to normal values.

Fetal findings are presented as percentages or unsubst§ated mgan vaiges thr%ghou@ article,
which complicates interpretation. @ Y \

Further investigation data presented notes a num of rep@ng @s (se@ 1111@@& al., 2012,
Table 3). For example, in the 750-mg/kg/d tre& nt g Q\j\‘ mg@@ tus% an ﬁ@lantatlon sites

were reported. &
Wokeletal alter 1093 Q Q
3 phe feékelet@s for luati@ which may have led

to artifacts that were falsely categorized%Qs altergdtions (v@of asgproteogyfic enzyme which may

have digested peptide bonds in the bo@g matrig? The @mte(@&letal@ erations showed an

extremely high prevalence of inco %te 0 catio% a@us lﬁgﬂucmﬁs, which are signs
ef pegpd.

of a developmental delay that corsst the ves %1

treatment during gestation day 5 radr that@v ull te@i as @c rrent test OECD 414
guidelines

“Based on the use of these stlm&le e obwously flawed reporting of data, it 1s
not possible to draw an clus w regzﬁ%ﬂng th@evel ental effects of “Roundup” treatment
from this article. Furtherxore aus @0 Cial fi lation was used, it is not possible to

attribute any observ tec @» yp@sate spdeitica g

@®
*’S@@@'@@
NZE O

@ QO
Q°\K
Sy @
o
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Author(s) Year | Study title

Dallegrave, E. Mantese, 2007 Pre- and postnatal toxicity of the commercial glyphosate

F. D. Oliveira, R. T. formulation in Wistar rats

Andrade, A. J. M. Archives of Toxicology

Dalsenter, P. R. Volume: 81

Langeloh, A. Pages: 665-673

Abstract®

Roundup (R) formulation commercialized in Brazil. The a sStud Y& to ss thé&eproductive
effects of glyphosate-Roundup (R) on male and female o rlng @ 1S@ts e g pregnancy
and lactation. Dams were treated orally with water or 5@ 50 m@kg gl@osat@@rmg pregnancy
(21-23 days) and lactation (21 days). These doses do corr t@ xposu@ evels. The results
showed that glyphosate-Roundup (R) did not ind ate al toxjcily but s uced@iverse reproductive
effects on male offspring rats: a decrease in 'm n@l er $6p1 mis.@l and in daily sperm
production during adulthood, an increase in per@ltag% al rms and a dose-related
decrease in the serum testosterone level at pu@rty, 1gns @“mdl al sp@ymatid degeneration during

both periods. There was only a vagln %ﬁi@’ng e ef‘g@d female offspring. These

Glyphosate is the active ingredient and polyoxyethyleneamié@s thsurfact@t preggyit in t@b‘nerbicide

findings suggest that in utero and lactatl expeRwe to lypho A -Ro p (R) may induce significant
adverse effects on the reproductive sys @ of m@ ats al@babert&n during adulthood.

R

* Quoted from article Q@’
Quot t @@ @ . @ o @
IS} M%’éRIQA%@S AN &ET@DS
D
1. Test material: Q\ @ @© ©©Q @
tem: @oun@) ® ©<§

Active sub%lsance Gl&hosate ©

SQXW . @% a@xt@&@f Brazil
Lot/Batch #“t r@orted

Concentratiogy™ 36
Surfactant: glyoxyethyleneamine (POEA)
Concentration'%Q 8% (wlv) POEA
2. Vehicle: Distilled water
3. Test animals:
Species:  Rat

Strain:  Wistar

Source: Department of Pharmacology, Federal University of Rio
Grande do Sul, Brazil

Age of test animals at study initiation: 90 days
Sex: Male and female
Body weight:  250-350 g
Acclimation period:  Not reported
Diet/Food: standard lab rat chow (Nuvital®, Curitiba/PR, Brazil), ad
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libitum

Water: Water, ad libitum
Housing:; Polyethylene (65 x 25 x 15 cm) home cages with sawdust-
covered floors

Environmental conditions: Temperature: 22 +2°C
Humidity: not reported
Air changes:  not reported
12-hour light/dark cycle

4. Test system:
Study type: Reproductive toxicity
Guideline: None @ bo
GLP: No Q @ ©@ @O @\9@
. . .. . . (fé o% @ °\
Guideline deviations:  Not applicable e O S 0\@
Duration of study: 21-23 days dg pL ancy§ ;&\ §
21 days dyging lac@lon ©© Q N

Dose levels: 0 (watg@O, 158,450 @Jkg g@osa undup®

Mating: 3 fe s weplac a \Q\@ ith on® male during the dark

pel@ . Fe@hs sh g spdeh in aginal sperm on the
féﬁowingf@ i erechotsed idgdividually. The other

ale re rettitned ec f the same male, each dark

@perioghtor 1 secugpye daysy
Animals per dose gr(§ Si% rimjgrdvid fagale r@were randomly divided into 4
&gups of @ ani AER each

Admini%@lon: Lest s ancez@% ara@ﬁs were prepared by diluting the
% Rour@lp-fogulatio&@?ith appropriate volumes of distilled
o @ @:

S WHSE Q @
@ z@plicas w one once daily by oral gavage
@ osin@volun@ 0 mL/kg bw
SN
5. Observations/analyses: > @@ 2 @)
Test substance preparQ%ﬂs: . @Qre@d
Mortality@sse@d, but details (e.g. timepoints, etc) not specified.
Clinical sigig Asé@ed, but details (e.g. timepoints, etc) not specified.

Body weight: %ﬁltemal body weights were determined daily during
Qrrégnancy and lactation periods.

Offspring body weights were determined in weekly intervals
from lactation to puberty.

Body weight gain:  The body weight noted at day O (first period day) in parent
females was considered as 100 %, for each period. The
differences observed during the study with regard to this
parameter were expressed as relative weight gain.

Food- and water consumptions: Not done
Test substance intake: Not applicable

Haematology: Not done

Clinical chemistry: Not done

Hormone levels: For determination of testosterone levels, blood was collected at
termination, and the serum was removed. The samples were
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analysed in duplicate using a double-antibody according to the
standard protocol for the radioimmunoassay (RIA) with
Diagnostic Products Corporation testosterone kits.

Urine analysis: Not done

Litter data:  Litter size, number of living and dead pups, viable pups, sex
ratio (male/female)

Offspring development: The development of offspring was assessed daily from
lactation until puberty. The following characteristics were
assessed: ears unstuck, fur emergence, incisor eruption, eye
opening, testis descent (by scrotum palpation starting after the
15™ postnatal day), preputial separation (by manually retracting
the prepuce with gentle pressure after the 30" postnatal day)
and opening of the v@mal canal (after the 30" postn@‘l day)

Sacrifice/pathology: Males: @ @° Q) @

One male fro é&h llt§' @grou as g@ﬂy
selected for é% mexof tre@ent- d sg@mlc and
reproductivictfect: @pube@ (a day; d adulthood
(age: 1409 @ys) Se§cted Sdles g@ sacr@n by thiopental

anaesth@ié}a fol@%e @mphr@gm 1n01%)n

Fema@ & @ @@
@@emalg@om lltte&! = 15@roup) was randomly
«s\wlected assegydnient Pf(reat -related systemic and

@pro ve eects at@ ertnge 65-70 days) and adulthood

(age 0 das@v
Organ wei %{\a eightso low@organs were determined and
@ tiv dy whights were calculated.

@Ma hearty{ings, I&QI spleen, kidneys, adrenal glands and
@

-9 bray! testiQpidi 1 vesicle with 1
X @), Qpl s, seminal vesicle with coagulating
&@ oBnds (@mut 1d) and prostate
@ @ o | |
K@y D Femml lungs, liver, spleen, kidneys, adrenal glands and

@@ br@& ute%s oviducts and ovaries

Histopath@ v «J@yve teg&@per dose group were fixed in Bouin’s solution
@m ately after removal, embedded in paraftin, sectioned at
@@Q 1) d stained with hematoxylin/eosin.

20%8sentially round seminiferus tubules per testis were
@lysed microscopically. The following parameters were
% ssessed: tubule diameter, percentage of seminiferus tubules
with complete spermatogenesis, presence of degenerating,
sloughed and/or infiltrating cells, and absence of tubular lumen
and of elongated spermatids.

Reproductive toxicity assessment:  Relative weight of the reproductive organs expressed as

percentage of body weight and of reproductive indices,
including sperm number per epididymis tail, daily sperm
production, sperm transit, sperm morphology, testis
morphology and serum testosterone level. Spermatid and sperm
counts were determined.

Statistics: Parametric data, expressed as mean # standard error (SEM),
were analyzed by repeated measure ANOVA or one-way
ANOVA, followed by the Bonterroni test when appropriate.
The nonparametric data, expressed as proportion or percentage,
were analyzed by the chi-square test. Differences were
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considered statistically significant when P < .05.

KLIMISCH EVALUATION

1. Reliability of study: Reliable with restrictions

Comment: Study that does not comply with any test guideline. Reporting
deficiencies. Conflicting results include decreased testes
weights but increased testosterone levels in high dose.
Questionable micrograph quality and interpretation may be
artifacts of processing techniques. Conclusions not consistent
with findings when viewed in light of dose-response or
historical data for th@train of rat. ©

2. Relevance of study: Not relevant basedn laclgpt o.@Qg spo@%og@@icting

3. Klimisch code: 3

findings and unr&kible gﬂ quaiy) X Q\
o S

@
NG S
Response 1 - GTF o\@ S © \Q Q&

This non-guideline reproductive toxicity st@y wi@POE&ont ihing fpr@yulation may be
compared to the DART NOAEL values@ POE@surf Ls 1gp: Pred in Williams et al. (2012).
Approximate calculated exposures tQ @)f cithg@ ypho&ate or %% A s@ctant in the formulation
can not be verified because the pul%lioc%ation i@lcle@he doses & based on the glyphosate
content or actual formulation. Q> &

Q
If based on dose levels of 50, 15@br 45@@1;;/kg§mulam© EA), surfactant doses are 9,
I

27 and 81 mg/kg/day. In this&se, d are Q the of L values reported by Williams
3§ falB el o

etal. (2012). N

Based on dose levels of &50 08450 mg& gllélm ate%@fmical acid (versus the salt form in
the formulated product),\POEA S facta@) dose%«/;‘)uld @pproximately 25,75 and 225
mg/kg/day. In this c@the 1 id S ar e riyge of NOAEL values and the high dose
exceeds NOAEL yafes refdted b illia%@et al 012).

The findings reported by @yllegrag et al (2007) & contrary to the GLP and guideline compliant
studies reviewed by W@ms . 20Ky, in h no effects on testis morphology, sperm
parameters or testosterone le@ wer@&videl&

%) Q
Response 2 - summarized from %lli t al. (%912)

Non-guideline prenatal develogntal- oductive toxicity study design.

Test material an unspecified cothmere§yl formulation “Roundup,” which was reported to consist of
360 ¢/. glyphosate and 18% (w/v)-ROEA.

Treatment doses unclear as to er glyphosate or formulation concentrations.

Maternal toxicity was not obser.

Reproductive outcomes (number of pups, sex ratio, etc.) and pup weights unaffected.

Statistical increased percentage of abnormal sperm in male offspring at the low but not medium or
high dose offspring, suggesting a random finding

Non-dose-related delay in vaginal opening in females within the normal physiological range for
the species and in line with historical control data.

Non-dose-related early preputial separation in the high dose males within the normal physiological
range for the species and in line with historical control data.

Contrary to expected outcome of early preputial separation, a statistical decrease in blood
testosterone levels was also observed at puberty for high dose males.

Decreased testosterone level was no longer evident at adulthood

No dose-related findings in adult sperm production parameters
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¢ Investigators fail to mention enlarged interstitial cells in the micrographs, suggesting limited
experience conducting such histological examinations.

¢ The other reported histological interpretations, reduction in elongated spermatids and the presence
of vacuolization at puberty and degeneration of the tubular lumen at adulthood, may be
attributable to an artifact of tissue processing rather than exposure related effects.

e Multiple guideline study types and a subchrionic National Toxicology Program study do not
report the testicular anomalies described by Dallegrave et al. (2007).

NI <
b@\b°®°\©
@@Q&Q
A\ Q o O
o@@@\QQ
NS
%@@&Q@
o & S o
O &S o @
%\@@9@6 @@
IS S
o & . &
©°<\’ @/’@
@Q&@@’o@@\
©©&%©@’
-9 @&@@0@&@
\@’©©©



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 800 of 1027
Author(s) Year Study title
Romano, R.M. Romano, 2010 Prepubertal exposure to commercial formulation of
M.A. Bernardi, M.M. the herbicide glyphosate alters testosterone levels
Furtado, P.V. Oliveira, and testicular morphology.
C.A. Archives of Toxicology
Volume: 84
Pages: 309-317

Abstract®

Glyphosate is a herbicide widely used to kill weeds both in a ultural and @n agricyltural &) dscapes
Its reproductive toxicity is related to the inhibition of a St aro se gmgyme, which

causes an in vitro reduction in testosterone and estradi 1n VRS abg@ns herbicide
effects in prepubertal Wistar rats reproductive dev ed this moment.
lopn@

Evaluations included the progression of puberty, ? production of
testosterone, estradiol and corticosterone, and the @orpho showed that the
herbicide (1) significantly changed the progresm f pub<exty m@ ose- @pend anner; (2) reduced
the testosterone production, in semineferous tub@ges' ology, d

height (P < 0.001; control = 85.8 + 2.8 um; o/ke @ 71.9 &S.3 uwy>0 g =69.1 £ 1.7 um; 250
mg/kg = 65.2 £ 1.3 pm) and increased the lisafnal digineter (®< 0.0 @ontr(@@= 94.0 £5.7 um; 5 mg/kg =
116.6 £ 6.6 um; 50 mg/kg = 114.3 + 3.1 m; 25 g kg = 5303 @l 8 ui:; (4) no difference in tubular

e%ﬁ@ed mgﬁt icantly the epithelium

diameter was observed; and (5) relative @the ¢ q@lffe es 11& um corticosterone or estradiol
levels were detected, but the concentgifions sto %ne rum were’ lower in all treated groups (P <
0.001; control = 154.5 + 12.9 ng/dLy me/kd= 108552 19Qng/dL:R) me/dL = 84.5 + 12.2 ng/dL; 250

mg/kg = 76.9 £+ 14.2 ng/dL). The esul ugge@hat c@ergi ormulation of glyphosate 1s a potent
endocrine disruptor in vivo, c@ ng bances in th epl@ilctive development of rats when the
exposure was performed durm@the p .§, pe‘i@

S
* Quoted from article @ ’ @ @© ®@

M@@%R@Es A@IETHODS

\
1. Test material: Q °\@ KQ
Test 1ten§{ou@g)@p Transorb
Active substance(% G@hosate

@@nsanto Co., St. Louis, MO; Monsanto of Brazil Ltda, Sao
Source; ;
aulo, Brazil

Purity: 480 g/L of glyphosate (648 g/L. as isopropylamine salt)
Lot/Batch #: Not reported
2. Vehicle: Water
3. Test animals:
Species:  Rat
Strain:  Wistar
Source: Not reported
Age of test animals at study initiation: 21 days
Sex: Male
No. of rats: 68
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Body weight:  Not reported
Acclimation period:  Not reported
Diet/Food: Commercial balanced mixture for rats
Water:  Mineral water available ad libitum
Housing: Not reported
Environmental conditions: Temperature: 23 +1°C
Humidity: Not reported
Air changes:  Not reported
12-hour light/dark cycle
4. Test system:
Study type: Evaluzlltlon olg endoc@e dll%Lfloptlon @terl;tlal of g Q};@
formulation me rat u ctive
development. g %é §ep § o@
Guideline: Non @ NI N
GLP: No R @ @
Guideline deviations: Not apﬁeab e % é\? & &

Duration of study: Frostnat&ay @@D) til P%ﬁﬁ
Dose levels: Q0@§01 gf@ de I@Hed@{er; @

&S50 o%o /Kg of we@ of glyphosate-Roundup
@Tran & 92 $
Animals per dose gr§ %ﬁtg%me 1N roup@? ann@ls per group

n of a@dl g@]ectlon of siblings within the same

0 contrga&l%fo ble litter effects

h % RO@%HP Transorb was diluted in a watery
inistered once a day, by gavage;

Adrpx@stratl
S

N
@ @osin lum .25 mlL/100 g of body weight,
@@Apptétlon @e between 7 and 8 a.m. each day

5. Observations/analyses:
Test substance preparﬁons °@abﬂlt‘§§9€hleved concentrations, homogeneity not reported
Mortalitydy Not gorted
Clinical mgr%y N@eported

Body weight: @e experimental design was composed of random blocks, with
% e formation factor of these blocks as the body weight at the
PND23. All the animals were weighed, and the average and
standard deviation were calculated. The animals having body
weights lower or higher than (two standard deviations from the
average were removed from the experiment.
Determination of puberty age: Evaluation of the balanopreputial separation was made, which
consists of the separation of the preputial membrane and the
externalization from the glands of the penis.

The assessment, which included gentle tissue manipulation,
was performed once per day from the PND33 and was
completed at the time of the balanopreputial separation.
No discussion on whether this was a blinded procedure to
avoid bias.

Hormone measurements: Hormone concentrations of testosterone, estradiol and
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Food- and water consumptions:
Haematology:

Clinical chemistry:

Urine analysis:
Sacrifice/pathology:

Organ weights:

Histology and morphometry:

corticosterone in the serum were measured by radioimmuno-
assay (RIA) from commercial kits (Testosterone Total Coat-A-
Count, Estradiol Coat-A-Count and Coat-A-Count
Corticosterone in rats, DPC, Los Angeles, CA, USA).

Not reported

Not done

Not done

Not done

On PND 53. No details reported.

The testes (right and left) and the adrenal glands (right and left)
were weighed in absolute values and then transformed to

relative weights as 100 g of body weight at PND@

The testes and ag@ glaggls'o %%@ ang@s wq@xed in
Bouin’s solution¥gr 8 hiFeate ale@wl, eledded in
paratfin and p@me@tam mm%@ atoxylin and
eosin.

Lamlnas ana@ed by(g‘nt r@osco@(@mx and 100 x

magmﬁ(@ion)

The 11 ome rom @ semia@erous tubules were
analySed by “@bular @mmeter (measured from
sal na t bas ami the opposite direction),

%@mmf s epi@elium omt asal lamina to the neck of
e elo@ ted @rmatl@) and @mnal diameter. Micrographs
ed ark poor@@iaht@ th artifacts such as shrinkage.
edNoge ith iQnatural variably in
G nes&@pub Sent rats, the accuracy of

©© ‘&a a coffies into question.
o & @ &
N @ e ach @%16 averages were calculated for the

Sta@%gg

easure@ents cated and, then, the average of each Weld

@wasq@ calc@ted. The measurement for each animal was
@ obtained thr@ﬁgh measure of all the analyzed Welds.

% @s under study were first submitted to tests of

rmality from Kolmogorov—Smirnov and homocedasticity by

@of Bartlet. When some of the premises of parametric
@ were not obtained, non-parametric tests were chosen for
bsequent averages and tests. Statistical differences were

@%ﬁsidered significant when the value of P was lower than
0.05. The values were expressed in mean (x) and standard error
of the mean (xSEM).

Data analysis of daily weights was performed through the two-
way analysis of variance for repeated measures (MANOVA)
by a general linear model (GLLM). The weights were compared
between diVerent groups and diVerent ages, considering the
evolution expected by the body growth. The day and the weight
of the complete balanoprepucial separation were compared
among the groups using non-parametric analyses by the
Kruskal-Wallis method followed by the post hoc Dun test. The
testis and the adrenal weights were analyzed by the Kruskal—
Wallis followed by the post hoc Dunn test, or by using a one-
way analysis of variance (ANOVA) followed by the post hoc
Tukey test. The testis measures of tubular diameter and
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epithelium depth, as well as the serum concentrations of
testosterone, estradiol and corticosterone, were analyzed by the
ANOVA followed by the Tukey test.

KLIMISCH EVALUATION

1. Reliability of study: Not reliable

Comment: Study with methodological and reporting deficiencies or
conflicting findings. Eg, increased relative testicular weights,
but decreased testosterone measurements.

2. Relevance of study: Relevant study type for investigating male reproductive
endpoints, but quest ble relevance of this specificstady

based on low rella of a ang @terpr%ﬂon material
was a formulated@odu g - PHosa N
3. Klimisch code: 3 o@ §

©
% @ @ Q S
A comprehensive review, pointing out a signific @mber%@ issu ith t{ls P w%a on, was undertaken
by experts in reproductive and developmental (gxicolggwand ﬁgn@ogy, liam R. Kelce, M.S.,
Ph.D, Fellow ATS; James C. Lamb, IV, Ph.D, %ABT d Fe&w A”@ohn &. DeSesso, Ph.D, Fellow
ATS. Their critique is referenced in Doc I\%d ided @ ppeifdix K gﬁ their summary is quoted

below. R @)
RS

“To the uninformed reader, thant by%ﬁt @al a@ears to demonstrate that exposure
to Roundup Transorb altergstestostkrone Is testl@norphology In this respect, the
importance of these data @ the&lentk@» lites, be grossly over-interpreted by the
uninformed reader. Up Qloser$xaminiivo n, ﬂj&auth@& ave failed to provide robust data to
support their conclusign~that co@ercmﬁgormu of glyphosate 1s a potent endocrine
disruptor in vivo, cCausing f@urban@s in rep Hhctive development of rats”. The authors
failed to measur y of the key param@grs in{h¢ validated pubertal male assay protocol by
Stoker et al., (2000a) ence, erat@ data that were internally inconsistent, incomplete or in
error. The results lac scigntttic rlﬁr necggary to support a definitive scientific conclusion

and certainly do not equ%@»r of pregious large, definitive and GLP-compliant studies
concluding that Roundup glyp@ate d@ot affect reproductive development.”
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Author(s) Year Study title
Romano, M.A. 2012 Glyphosate impairs male offspring reproductive development by
Romano, R. M. disrupting gonadotropin expression
Santos, L.D. Archives of Toxicology
Wisniewski, P. Volume: 86
Campos, D.A. Number: 4
de Souza, P.B. Pages: 663-673
Viau, P.
Bernardi, M.M.
Nunes, M.T.
de Oliviera, C.A. N 60
0o & OO
$ °§@ @Q @% oﬁg\?
Abstract* (&) ©@ ©\ °® @
@ @ o » Q

Sexual differentiation in the brain takes place fror@ate geation @@ the Qﬂy p@atal days. This is
dependent on the conversion of circulating testo@rone %0 estiagliol e enzyme aromatase. The
glyphosate was shown to alter aromatase activi d se sgyum t sterééconcentrations. Thus,
the aim of this study was to investigate the effeSs of gestation ater@glypi@ate exposure (50 mg/kg,
NOAEL for reproductive toxicity) on the rep@ucti evﬂeﬁ;t d®male @pring. Sixty-day-old male
rat offspring were evaluated for sexwa) be par@er pr@ence; serum testosterone

concentrations, estradiol, FSH and LH ein co@fent H and FSH; sperm production
and the morphology of the semlnlfero testes, epididymis and seminal
vesicles. The growth, the welght - ber ﬁ@, th 1malsQ/ere also recorded to evaluate the
effect of the reatment. The most 1n@3rtant din sgwere 4@%6 by sexual partner preference scores and
the latency time to the first mo esto ne antbestra serfiiy concentrations; the mRNA expression
and protein content in the piturfary ghand a@he se&gm co& ntration of LH; sperm production and
reserves; and the height of ger I epi@@liu rous tubules. We also observed an early
onset of puberty but no t on ody%ow i) the nimals. These results suggest that maternal
exposure to glyphosate disturb the culinigation cess and promoted behavioral changes and
histological and endocrine p 1P reprothctiv ameters. These changes associated with the
hypersecretion of androgens 1ncrea&@gona CthIQ and sperm production.

QO
* Quoted from article Q @\ @K

M%TER@%ZS AND METHODS
&

Test item: ~ Roundup Transorb

OI

1. Test material:

Active substance(s): Glyphosate (isopropylamine salt)

Monsanto Co., St. Louis, MO; Monsanto of Brazil Ltda, Sdo
Paulo, Brazil

Source:
Purity: 480 g/L. of glyphosate (648 g/L. isopropylamine salt)
Lot/Batch#: Not reported
2. Vehicle: Water
3. Test animals:
Species: Rat
Strain:  Wistar

Source:  Not reported
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Age of test animals at study initiation: 90 days
Sex: Female
No. of rats: 12
Body weight:  Not reported
Acclimation period:  Not reported
Diet/Food: Commercial balanced mixture for rats, ad libitum
Water:  Waler available ad libitum
Housing: Not reported
Environmental conditions: Temperature: 23 +1°C
Humidity: Not reported ©°
Air changes: No orted @ o
. @’ @ @
12-hour light/dagieyclogs Q RIS
4. Test system: b @6@ § +§ §
Study type: Glyphosateég%cts @ihe re@oduckive dev@ment of male
offspring @ © N Q
- O A
Guideline: Non- ghne y @} o\@
GLP: No &0 @ L 9
@

Guideline deviations:

Duration of exposure:

Animals per dose 6@1})

o

Q@

<
&@

«é\@,

Q\

5. Observations/analyses:

@Con gro%

Dose level &

@%nlm?s%er rg&ap
Adryl@stratl Ro \1 orb@s diluted in a watery suspension and
D AN St onc@day by gavage from Gestation Day 18 to

Q\@

Test substance preparationg) St

Ne@pph@le © © <)

lgay @pgs@al day (PND) 5

50.R8/kg by Of gl
%atl%@’groy@@ @

Q,

n@}reported

st Naf&? day

Dosia@volug@0.25 mL/100 g bw,
A@Qcatl({ e: between 7 and 8 a.m. each day

S

ty, achieved concentrations, homogeneity not reported

Mortality: %t reported
Clinical signs% ot reported
Body weight;  Ihe pups were weighted at PND21 (weaning), PND30, PND40

Sexual partner preference:

Sexual behaviour:

Determination of puberty age:

and PND60 to compare the body growth between the groups.
The sexual partner preference was assessed at PND 60 by
exposing male offspring from treated and non-treated mothers
to female stimulus rats (i.e. ovariectomised female rats that
were treated with estradiol (50 pg/kg bw s.a. 54 h before the
test) and progesterone (2 mg/kg bw s.c., 6 h before test)).
Sexual behaviour was assessed at PND 60 by exposing the
male rats to an oestrus-induced female for 40 min. Several
parameters were assessed incl. Number of mounts,
intromission, ejaculatory intervals, number of attempted
mounts).

Evaluation of the balanopreputial separation (separation of the
preputial membrane and externalization from the glands of the
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penis).

The assessment (including gentle tissue manipulation) was
performed once per day from the PND33 and was completed at
the time of the balanopreputial separation.

Hormone measurements: 1ormone serum concentrations of testosterone, estradiol in the
serum were measured by radioimmunoassay-assay (RIA) from
commercial kits (Coat-A-Count, DPC, Los Angeles, CA,
USA).

The serum FSH and LH measurements were determined by
chemiluminescence immunoassay using Luminex xXMAP
technology (Milliplex MAP rat pituitary panel, Billerica, MA,
USA).

Pituitary hormone levels: MRNA-levels of LH, FSH and GH were assessed by geal-time
PCR in homogenise 1tu1tar tlssu@ Protein, exn of
LH, FSH and G $As as ed m@moge@ed p \Q-

tissues using - b anal 0@
Food- and water consumptions: Not reported@ @ Q\ o&\ §
7
Haematology: Not repor@ @ @© \Q Q&
Clinical chemistry: Not rep@ed % @ & )
Urine analysis: Not Q"rted @ Q@ @\
Sacrifice/pathology: N@epor@ § & @
epldi@mlde@nd sm@al vesicle were weighed,

Organ weights: ~Rye tes ) 4
o d th@ lucsagere co@erte@relaUVe weights of mg/100 g
@ bw 2 NDG@F he ep«i@idyn@ as previously divided into

S & segr&? r¥@ and cauda. The seminal vesicle
&) uld@ndralned) and after fluid removal

Sperm & uatic@ Até?) 60 % sperfiy Counts were determined. Testes and
¢ ym@

apugEOrpus, cauda) were weighed. The tunica
arbuginegywas rved from the testes, and the parenchyma
@ @yas h@loge &o The samples were then diluted 10 times in
&?\@9 @@ salindyand tge=mature spermatids resistant to homogenization
\@ wetyr counged using a hemocytometer. Daily sperm production
Q s cak&@ted.
e sggments of the epididymis were cut with a scissor,
' homegenized, diluted and counted. The number of spermatozoa
% h homogenate was determined and the total number of
rmatozoa for the parts of the epididymis were calculated.
XFhe mean time for sperm transit through the epididymis was
%calculated.
Histology and morphometry: The testes were fixed in Bouin’s solution for 8 h, treated with
alcohol and embedded in paraffin, and were prepared as stained
laminas with hematoxylin and eosin.
Laminas were analysed by light microscopy (40x and 100 x
magnification).
Linear morphometry of the seminiferous tubules were analyzed
by determining the tubular diameter, seminiferous epithelium
length and luminal diameter.
For each tubule, the averages were calculated for the
measurements indicated, and the average of each field was also
calculated. The measurement for each animal was obtained by
measuring all the analyzed fields.

Statistics:  First the Kolmogorov—Smirnov tests for normality and the
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Bartlett test for homoscedasticity. For analysis of body growth
the multi-way analysis of variance for repeated measures
(MANQOVA) by a general linear model (GLM) was used.
Weights were compared between different groups and ages,
considering the expected changes with age. The sexual
behavior and day of PPS were compared among the groups
using the Mann—Whitney U test. Weights of seminal vesicle
(drained and undrained) were compared by paired Student’s #-
test. All other parameters were analyzed by Student’s #-test.
Statistical differences were considered significant when the
value of P was < 0.05. Values were expressed as means and the
standard error of the mean (+SEM) for parametric and
interquartile ranges of nonparametric analysis.

KLIMISCH EVALBRTIONS
A
1. Reliability of study: Not rellabl%@ @ ® S Q

Unusu ds eoimént com@encing towards the

end o&‘@ egnagsy (G@, ra 3\@ D6 as per OECD Test

Gugdelines 44) thre@egh p atal @ 5. In vivo study with
t

réﬁ@rting@ icie@s ( ed st@@n description, source of
@fimal ousing cond S, T ormation if clinical signs
@were@ esse abili& geneity assessment of test
@ @nce ¢ aratﬁ@gs, no @nale offspring evaluated in
@»@ 1duaf@sts e@uate number of atypical endpoints

@Q &evalua@ &\ o\@@’

% %& vant%ue to gdstionable dosing regimen and atypical
o\@@ Q> argyof eré@o nis fasured

3. Klimisch code: @ 3(@' @) <§@
@Qﬁ & L o
P

Comment: Non- glﬁ%e, g&L%@dy n%%ng s@%tiﬂc principles.

2. Relevance of study:

This quality and value of this foll sm&“to Ramano et al. (2010) is consistent with their previous
publication. Selective literature c@tlon iifdhe 1 uction frame the basis for this research as endocrine
disruption potential, referring mostly @ p%ations from Seralini laboratory, previously discussed.
The concluding sentences inaccuratel e pu ed in vitro research (Richard et al., 2005) as evidence
that “women occupationally exposed t¢this Hedbicide have reproductive disorders”.

From the outset, the study design and e@int selection are not consistent with other research in the field
of developmental and reproductive toxicelogy, suggesting a lack of experience in this well published and
studied discipline. Dosing was very limited to dams, starting on gestation day 18, well after
organogenisis, through post natal day 5. No controls for litter effects appear to be reported, confounding
interpretation of results.

Any glyphosate exposure to offspring either before or after parturition is questionable. ADME studies
with glyphosate clearly demonstrate poor absorbtion via the gastrointestinal tract, rapid excretion of
systemic doses via urine and a lack of bioaccumulation. Restricted placental transfer for glyphosate is
documented in an ex vivo human perfusion system, in which the three other compounds tested (cafteine,
benzoic acid and antipyrine) demonstrated much greater transfer kinetics across the placenta (Mose et al.,
2008). Given the physico-chemical properties and in vivo kinetics of glyphosate, exposure to offspring
during lactation should be considered negligible, if any.
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With the very short window of maternal exposure, biological plausibility of any test substance related
effects in the mature offspring is questionable. However, the normal variability of some unusual or
atypical endpoint measurements, such as “sexual partner preference” along with mRNA and protein
expression, 1s not known. Of particular concern, however, are differences in critical endpoints for control
animals reported in Romano et al. (2010) compared to Romano et al. (2012); these include increased day
of preputional sepratarion (PPS) of control male rate (37 days in 2010; 47 days in 2012), body weight at
day of PPS (146 grams in 2010; 245 grams in 2012), serum testosterone concentrations (155 ng/dL in
2010; 63 ng/dL. in 2012), estradiol concentrations (32 pg/mL in 2010; 1.4 pg/mL in 2012), subular
diameter (266 pm in 2010; 479 pm in 2012), epithelial height (86 pm in 2010; 92 ymin 2012) and luminal
height (94 ym in 2010; 257um in 2012). Therefore, results are difficult to interpret, particularly for
relevance to human health risk assessment. The merits of this publication should be placed in context with
the quality of the authors’ previous published research (Romano et al., 2010), as critiqued by experts in
DART and ED above.

N
%@ @ @Q N §
2 S o K &
S A s Oy
o O & @
o &S o
NS & O 2
R 0 o
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EPIDEMIOLOGY DART/ED PUBLICATIONS

Author(s) Year Study title
Arbuckle, T. E. 2001 An exploratory analysis of the effect of pesticide exposure on the
Lin, Z. risk of spontaneous abortion in an Ontario farm population
Mery, L. S. Environmental Health Perspectives

Volume: 109

Pages: 851-857

Abstract®

& -y

The toxicity of pesticides on human reproduction is largel® un n—gpagicul how, @ixtures of
pesticide products might affect fetal toxicity. The Ontari m f@mﬂy @ted data by
questionnaire on the identity and timing of pesticide us@on %arm, ﬂéstyl %tors d a complete
reproductive history from the farm operator and eligid2 cougles livy tﬁ% farn@ total of 2,110
women provided information on 3,936 pregnanme@l clu(@ 395¢y) on@ws @tlons. To explore
critical windows of exposure and target sites @ toxiqty, w@\ﬁxam%)e exposures separately for
preconception (3 months before and up to m of ept and@gosic tion (first trimester)
windows and for early (< 12 weeks) and lafs (12 we sp eougzabortions. We observed
moderate increases in risk of early abort@s C%&ﬁpreco tion @xpos to phenoxy acetic acid

herbicides [odds ratio (OR) = 1.5; 95% cagflden terv D), @—2 1]§flazines (OR = 1.4; 95% CI,
1.0-2.0), and any herbicide (OR = 1.4; 98¥ 1.9, For 14% abo @ns preconception exposure to

glyphosate (OR = 1.7; 95% CI, 19) carlﬁ%ﬁa tes (@R 95% (I, 1.1-3.0), and the
miscellaneous class of pesticides (AR = )l 95’W\€I ]@24) @s assocmted with elevated risks.
Postconception exposures were gel@ally 01a SN 1th, 1@ spogtancous abortions. Older maternal age

(> 34 years of age) was the sest fact%ﬁ@for sohtanci WS abortions, and we observed several
interactions between pesticideg 117 the T aoup d%lng Ce]&g ification and Regression Tree analysis.
This study shows that timirfg @t eﬁue a@ rest ses to more homogeneous endpoints are
important in characterizingi@repr ctive$Oxicit pes es.

* Quoted from article @@@ @ @ @
@E@LS AND METHODS
«©
1. Test material: § @
Test it %} V@%&s pesticides (herbicides, insecticides, fungicides,
estite % scellaneous)

QPicamba, glyphosate, 2,4-DB, 2,4-D, MCPA, atrazine,

Active substance(s
cyanazine, carbaryl, captan

Phenoxy acetic acid (phenoxy herbicides), triazine,
organophosphates, thiocarbamate

2. Vehicle and/or positive control: Not applicable

Chemical families:

3. Test group:
Number of test persons: 2110
Age: = 44 years
Sex: Females

The couple had to be living year round on the study farm;
The wife had to be 44 years of age or younger;

At least one member of the couple had to be working on the
farm

Inclusion criteria:
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4. Test system:
Type: Retrospective epidemiological study
Collection of data: Questionnaire
Guideline: Non-guideline study
GLP/GCP: no
5. Observations / analyses:

Demographic and lifestyle information;
Pesticides currently and historically used on the farm and
L . . around the home;
Information in questionnaires:  yra jical history;

Complete reproductive history

farm activities \@@°
. . . Self reported sponfadheous 6rtlo$ lessi@n 20.@eks’
Outcome of interest in analysis: gestat 1opn px@ o @ A S D 9*\%
Spontaneous a@mo@ les 1}@1(3 d12—-19
Subgroups created: o o gest @

Informatjagfrom @ farm@)era usb yand wife to

Pesticide use: constrq%j}hlst of Q@&hly agricult d residential
pestic'@ use @Q% o u%
Identification of pesticides: ] databpse of@lsterﬁem@ products in Canada
Dose levels: {TP repo-@ ©© <)
ebicid

Qﬂajorses use: nsecticides, fungicides, and
Grouping of pesticide mlsc@neot@@thers @ﬁclud$ ose that could not be
@ %é@ﬁed)@% < Q
Number of reported pregn {C es 6 Kg@ o@ AN

Number of reported spm@neou @395 @ 0& S
L &portio B X @ N
Number of reported @bo@s: 2@ Q @@

Number of reported late @ons @69 @© Q
Qr For t S'
\@ @cone@tlon the 4-month period from 3 months before
@hce i to the calendar month of conception (consistent
Analysed exposure to pestlcldes@l tentlal sperm-mediated effects);
> po@@conceptmn the 3-month period from the first calendar
after conception to the end of the first trimester
é%)nsistent with a fetotoxic effect)

Number of pesticide variables% 7

Number of possible risk factors for
spontaneous abortions:
Crude odds ratios (ORs) using logistic regression for each
combination of pesticide unit, exposure window, and
gestational age at abortion category.
Statistics:
To explore statistical interactions between the various pesticide
units and other risk factors for spontaneous abortion, we used
the Classification and Regression Tree (CART) method.

KLIMISCH EVALUATION



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:

Toxicological and toxicokinetic studies

May 2012 Page 811 of 1027
1. Reliability of study: Not reliable
Comment: No information about exposure duration, used glyphosate

products and application rates. No information, if the subjects
used more than one pesticide. Due to study design and
evaluation methods, study results are not reliable.

2. Relevance of study: Not relevant (Study design is not suitable for assessment of
glyphosate exposure).

3. Klimisch code: 3

Response 1 - GTF

This publication reports an “exploratory analysis” of pesticide exposure timing as a possible risk
factor for spontaneous abortion.

Pre-conception glyphosate exposure odds ratio for z@anegg@abom@l is cs@dercdsf

borderline significance (OR = 1.4).

Post-conception glyphosate exposure was not z@ated@%l sp@zan @ort@)R =1.1).

Authors note multiple limitations of the study atlng@@%xpos@ Q &
o likely misclassification of peSUCldes\

o correct assignment of exposure wn@f)w [ or/ 1 post&gonce
This is one of several publications ar1310m "\-\V) mﬂ%)l%alth Study (OFFHS),
in which farm couples were asked to @m ac@s ties A pestigfde usage over the last 5

omes @8 % of which occurred

years. Participants were also asked t&recall pre ule
@a mapiiuestionnaires with telephone

more than 10 years earlier). This @formatied was g

follow-up for non- respondents @ \

OFFHS information gatherln gy h&}ng entl @aﬂ bias. Blair and Zahm (1993;
referenced in Doc L, availa ) e 60’7 cur hen comparing self reported
pesticide usage with purcl@ging r%ords @

OFFHS relied excluswe@) al s@f—rep & of a(&@se pregnancy outcomes, not all of
which were confirmedgia m 1 orather r S.

Three highly reley, \onf ing fgStors not@lsidered in the OFFHS questionnaire
o history o vim@spont@ous % 'on(@

o maternal age; @ %g? Q

o smoking. @ ©
Lack of control for putati %stlclc@@ffe%&@&and consideration use of multiple pesticides further
compromise the utility of %
Arbuckle et al. (2001) Reported@ndin @nked preconception use of phenosyacetic acids,
triazines, glyphosate and thio@bamagss with weak but stastically significant spontaneous
abortions.
Authors considered the findings rédotted “hypothesis generating”, and cautioned that “results
should be interpreted with care % tested in other studies”.

Response 2 — Summarized from Williams et al. (2012)

395 spontaneous abortions were reported out of 3936 pregnancies; rate of spontaneous aborting in
Arbuckle et al. (2001) was 10%.

The baseline rate of spontaneous abortions in the general populations is much higher, ranging
from 12% to 25%.

Recall bias is reflected in the recall of spontaneous abortion over the previous 5 years (64% of all
spontaneous abortions reported) being much higher than the recall of those greater than 10 years
prior to the survey (34% of all spontaneous abortions reported).

Substantial exposure misclassification may have occurred (pre- versus post-conception) due to
likely author extrapolation of exposure data.

Strong confounding variables are not apparent in previous data analyses published by the authors
of the OFFHS, and therefore odds ratios are crude.
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¢ Published results fail to demonstrate a significant association of glyphosate exposure spontaneous
abortion risk and therefore must be considered cautiously.
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Author(s) Year Study title
Savitz, D.A. 1997 Male pesticide exposure and pregnancy outcome.
Arbuckle, T. American Journal of Epidemioclogy
Kaczor, D. Volume: 146
Curtis, K.M. Number: 12
Pages: 1025-1036

Abstract®

Potential health effects of agricultural pesticide use include reproductive outcomes. For the Ontario Farm
Family Health Study, the authors sampled Ontario farms from the 1986 Canadian Census of Agriculture,
identified farm couples, and obtained questionnaire data cond@ing farm acgyities, reprodyctdve health

experience, and chemical applications. Male farm activities, 1{ ep fr mo befgsgConception
through the month of conception were evaluated in relagonvto ﬂ‘%ﬂﬂ predelg@ and small-
for-gestational-age births. Among the 1,898 couples w e dat 4% Do 3 ,984 eligible
pregnancies were identified. Miscarriage was not aﬁt ‘ﬁ/lth activit @ overall but was
increased in combination with reported use of thio @mate arbm@ clas@d pesticides on the
farm. Preterm delivery was also not strongly assgéa farl§§heml @l actiygfe overall, except for
mixing or applying yard herbicides (odds ratio @ 1, 9% confe@ge gval {9°4.4), Combinations of
activities with a variety of chemicals (atrazige, glypl@sate, @%m phatgs24-[2.4-dichlorophenoxy]
butyric acid, and insecticides) generated raggy of t@ or greater associations were found
between farm chemicals and small-for-g tiona@ge bi or &!&* ratio. Based on these data,
despite limitations in exposure assessmeg or's @@uxa Sontinged evaluation of male exposures,

particularly in relation to miscarriage @’pret del&v\e}y 2.
N /\ N \Q
* Quoted from article <) @ @

@
@@ L{ﬁm&@‘s A .=\ gﬁDs
N
@ ’ @ @©
@ 1tem@ Varl@ pestifes (herbicides, insecticides, fungicides,

1. Test material:

ock chemicals)
Active substa@%) @ atrazine, 2,4-DB, 2.4-D, MCPA, dicamba,
1 and other pesticides
Chemical famili eﬂ’@xy herbicides, thiocarbamates, organophosphates,
trideines
2. Vehicle and/or positive control: @t applicable
3. Test group: %

Number of test persons: 2904 couples (initial inclusion)
1898 couples (complete response)

Age: Females: <44 years
Sex: Males/females

Inclusion criteria: 1he couple had to be living year round on the study farm;
The wife had to be 44 years of age or younger;
At least one member of the couple had to be working on the
farm

No. of pregnancies analyzed: 3984

Miscarriage cases due to glyphosate: 17
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4. Test system:
Type:
Collection of data:
Guideline:
GLP/ GCP:

5. Observations/analyses:

Information in questionnaires:

(Classification of pregnancies:

Criteria for classification of
pregnancies:

Analyzed outcomes of pregnarfeies:

< @
N e
N

Q¥

& @@%@ ai g@nt pn%nanci%

Retrospective epidemiological study
Questionnaire, telephone interview, interview
Non-guideline study

no

Mother's and father's age, education, jobs outside the farm
(classified as potentially hazardous or nonhazardous), tobacco
use, alcohol use, caffeine use, mother's language, ethnicity,

religion, parity, per ta income, child's sex, intervgl between
conception and meﬁey d the @pnth (@once 1.

Singleton live bﬁﬁs, muc@p e gest ion@vins@ets),
miscarriage (r@pgnizedPreg 1 fore’ X weeks of
completed tion)gstillbipthlpre @&ncy 1 t 20 or more
weeks ofo plete@estat' , l@cally iduced abortion,
current] egna%, or other (ect@l pregnanicy, hydatidiform
mole, Now. @ N
Singt&ton liyaWpirths®eere claified gypreterm if they occurred
e the §gmple of 3Qveek @ gestation and small for
gestatiopaPage (§A) it@ey fellRbélow the 10™ percentile of
QBirth veyeht f@pestatiQral a sed on Canadian percentiles.
Sex fafio wﬁs@eﬁne the pgdportion of males among
sirgiCton birtas”
k ofmiScargigdy (preghancies ending in miscarriages,
SsingletBwlive Wigths, i@gd abortions, and stillbirths, as well
20 or more weeks of gestation),
rm defier ive births and current pregnancies of 37
ore geeks stational age), and
@ GA births (alfdtve births of known weight and gestational
age)welb?
S tio (all Trve births of known sex), not addressing
W1birh&Sind other more rare outcomes due to insufficient

Q,

ere asked

mbegrs Yor analysis.
Farm activiti%Q Ove past 5 years; for each reported activity, months of the
y

Activities that involve direct pesticide
exposur

Man’s exposure classification:

Use of protective equipment:

Pesticide use:

A&%xing or applying crop herbicides, crop insecticides

d fungicides, livestock chemicals, yard herbicides,
and building pesticides.
Based on man’s experiences in the time window of 3 months
before conception to the time of conception.
During that time window, specific to each pregnancy, we first
determined whether he had engaged in any activities associated
with direct pesticide exposure for 1 or more months.
Defined 2 groups of activities:

- chemical activity;

- nonchemical activity + no activity.

Information gathered on date of use, but not specified to each
of the chemical activities.

Information from farm operator (who may or may not have
been the male partner) regarding the application of specific
pesticides on the farm in the time period of interest.
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Data analysis: Unadjusted risk ratios between the potential confounders and
each of the four outcomes (miscarriage, preterm delivery, SGA,
and sex ratio) were calculated, starting with finely stratified
exposure variables. Based on the pattern of crude results,
variables were eliminated and categories of variables were
collapsed to retain only those variables and strata that yielded
risk ratios of less than 0.8 or greater than 1.2. For each of the
pregnancy outcomes, a logistic regression model was
constructed that used the reduced set of variables and category
levels. Additional variables were eliminated from the logistic
regression models, and categories were collapsed or converted
to continuous variables as appropriate.

For each of the four outcomes, risks and relative risks were
generated, contrasti xposed tou exposed groups @%n with
no activity or no 8@mcal f1v1t @yed G’@he I nt, with
various subsets ed ctlvm@use rotectlve
equipment, an exposed
groups. Adj @d od@ atlo re ca latec@ ing logistic
regressmn@odels th all@e pr tors ch outcome
descrlb%?bove%ong the ons terest

Becaugg tulij pregﬁies B wo were included, the
variaftee estjzates D the@stlc 1@gression are expected to
b @ghtl %mdere@ ated @ averaéd. Several logistic
regres&% aly@ wer@ondu based on generalized

stlma@@ q%@ons ich a nt for the within-woman
@ co-1§ fation A8y anm@
Y N
G i e
é@ K@MISC@ VA AT@@

& o N &
L. Reliability of study: 2\ @’ I@Reli@
& Cm@nent: 0 1nf01@at10 out exposure duration, used glyphosate
@prodj@ and @plication rates. No information, if the subjects
@@ used more tf&h one pesticide. Due to study design and
Q\ %&uaU(@%ﬂemods study results are not reliable.

@pt Re%vant (Study design is not suitable for assessment of
glyp%@ate exposure).
3. Klimisch code: % 3V

@
Response to Savitz, Arbuckle and theratio Farm Family Health Study (OFFHS) taken from
monsanto.com

http://www.monsanto.com/products/Documents/elyphosate-back eround-
materials/gly reprooutcomes bkg.pdf

2. Relevance of study:

Glyphosate 1s one of many pesticides mentioned in three epidemiological reports that examine possible
links between on-farm pesticide use and reproductive outcomes. All three reports - Savitz et al. (1997)
[category ‘E’ in this literature review], Curtis et al. (1999) [outside the scope of this literature review as
per the introduction describing literature review categories], and Arbuckle et al. (2001) [previously
reviewed publication] - use data from the Ontario Farm Family Health Study (OFFHS) (Arbuckle 1994).
Savitz et al. (1997) investigated associations between reported pesticide use by males and pregnancy
outcomes, specifically: miscarriage, pre-term delivery and small-for-gestational-age birth. Curtis er al.
(1999) studied whether reported pesticide use by males or females was associated with delayed pregnancy,
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while Arbuckle er al. (2001) looked for associations between reported pesticide use and spontaneous
abortion.

The OFFHS was a questionnaire-type study in which farm couples were asked to recall on-farm activities
and pesticide usage on the farm during the previous 5 years. They were also asked to recall all pregnancy
outcomes, 38% of which occurred more than 10 years before the survey. The farm couples lived year-
round on a farm and the OFFHS investigators employed mail questionnaires to collect information about
pregnancy outcomes from the mothers. Telephone follow-up was employed for non-respondents.

In the study by Savitz et al., a number of specific pesticides had weak statistical associations with
miscarriages and pre-term deliveries, but pesticides tended not to be associated with small for gestational
age births. There were no statistically significant findings for glyphosate. In the study by Curtis et al., for
farms on which glyphosate was used, there was no significant association for women being engaged in
pesticide activities. For men, glyphosate use was associated a slight, t statlstlcally @‘hlﬂcant
decrease in time to pregnancy. The authors dismissed this fi g, which w. eontr thg@éhypothesm
that pesticide exposure delayed pregnancy, as probably due¥¢ unc x\troll factorsQe ch » Arbuckle et
al. (2001) found that reported preconception use of tic @s, &Bnes, hosate, and
thiocarbamates were weakly, but statistically significatly, asggclated¥ith spﬁntane abortions. Post
conception reported use was not associated with ingrggsed risk The a@ghorsSharact d the associations
between pesticides and spontaneous abortions as ';@othes%genegwg pgn ing % irmation from other

epidemiologic studies.
A

. . . g
These studies are not convincing ev1denceo@a renshl@%etwe@ glyp%@ate exposure and adverse

pregnancy outcomes for a number of reasos; Q @)
® & n@ @ @
1. Uncertainty about exposure \ N
There was no actual exposure data se e ologQ studies. Exposures were assumed

based on questionnaire responses i stud @mes and pesticide use. This type of
information can be inaccurate. exa , el mg t a stu the National Cancer Institute, self-
reports of pesticide usage were ound§g) be &@/ cent curate when compared with purchasing
records (Blair & Zahm 199@1 ficre the, i r'\\" inaccuracy is the fact that study subjects
were only asked about péstcide for 5 yeprs befls

assumed to be appllcable to the ¢dbire @ qageers of tudy subjects, an assumption inconsistent with
changes in agricultural practisgyrLastlgysbas @it estimation on questionnaire responses has the
potential to be influenced by wha @dem]@glsts&all "recall bias." This refers to the likelihood that
tamilies that experienced an advegie rep;%@ictlv&@ltcome are more likely to remember use of certain
pesticides than families that had only no blr®

The most widely used pesticides, like%@lzlne@ yphosate, and 2,4-D, are most easily recalled and most
likely to be over-reported. )

2. Low biological plausibility @

Biologic plausibility is an important Yiterion for deciding whether a reported statistical association
between a pesticide and a disease is likely to be valid. Glyphosate, even at very high doses in chronic

feeding studies, does not cause adverse reproductive outcomes in laboratory animals (USEPA 1993, WHO
1994). This makes statistical associations from epidemiologic studies less plausible.

3. Inaccuracy of reported pregnancy outcomes

The OFFHS study relied exclusively on maternal self-reports of adverse pregnancy outcomes with no
medical or other validation. Generally, scientists place less confidence in reports of health outcomes that
are not validated with medical records.

4. Confounding

A confounding factor is a cause of a disease that is correlated with another exposure being studied. Failure
to control confounding factors, especially those that are strong causes of a disease, can create spurious
associations between benign exposures and diseases. In the Arbuckle study, there were at least three
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important potential confounding factors that were not controlled: history of previous spontaneous
abortion, maternal age, and smoking. Even a weak correlation between these factors and use (or recall of
use) of pesticides would produce spurious associations. In addition, in all three studies, the authors did not
control the putative effect of one pesticide for the putative effects of other pesticides. So, for example,
since farmers tend to use 4 or more pesticides each year, a disease that is associated with one pesticide will
likely be associated with all, since their use patterns are correlated. In the absence of an analysis that
controls for multiple pesticides, the best that can be said is that the findings for any individual pesticide
might be due to its correlation with another pesticide.

In summary, three publications based on data collected in the OFFHS found assoclations between several
pesticides and various adverse reproductive outcomes. There was no actual exposure data per se in these
three epidemiologic studies. Exposures were assumed based on questionnaire responses by study subjects
about farm activities and pesticide use. This type of information can be inaccurate. Glyphosate was not
significantly associated with adverse reproductive outcomes i o of these studies (Sav1tz @d[ 1997,
Curtis et al. 1999). Glyphosate and other pesticides were weRly as fate@h S ineoy&abortion in
the study by Arbuckle (2001). However, the author did n®¢ contfi”f rtam@erso@\confoundmg
factors or for multiple exposures and no actual exposure @a w@ed, %ﬁg d&@ 0@ validity of the

findings in this study. % ©)
L a >

Biomonitoring data for glyphosate, collected as p f the%arm %sure Sady (FFES), provide
assurance that human health effects related togg e exgﬁe aBd very\%%hkely In the FFES,
researchers from the University of Minnesota &)llect da s from 48 farm families
before, during, and after a glyphosate applle@n ( ﬁacc@te ublication). Only 60% of
farmers showed detectable exposure to g ‘4- os part T b11 limit of detection, and the
maximum estimated absorbed dose wa 4 f@]uav & 004) For farmers who apply
glyphosate 10 times per year for 40 ye thls xlmum 0s ore@an 30,000-fold less than the EPA
reference dosel of 2 mg/kg/day. F &, only sh@@e det@able exposures and the maximum

studies (USEPA 1993, WHO 19 08 and ¢ actiiy expcﬁures ofiarms are so low, it is very unlikely that

proda% 1ve @@omes%r faré;i@ or their spouses.

@’ O
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Author(s) Year Study title
Garry, V. F. 2002b Birth defects, season of conception, and sex of children born to
Harkins, M. E. pesticide applicators living in the Red River Valley of Minnesota,
Erickson, L. LL USA.

o Environmental Health Perspectives
Long-Simpson, L. K. Volume: 110
Holland, S. E. Pages: 441-449

Burroughs, B. L.

Abstract®

We previously demonstrated that the frequency of birth def among childggn of scldent the Red

River Valley (RRV), Minnesota, USA, was significantly h othéi@lajor cul eglons of
the state during the years 1989-1991, with children bor ale tlc d ppll TS h g the highest
risk. The present, smaller cross-sectional study of 69 mlh@and en %@nducted during
1997-1998, provides a more detailed examination e¥ repr tlve @:al ﬁtco @m farm families
ascertained from parent-reported birth defects. In ese t %?fe the birth defect
rate was 31.3 births per 1,000, with 83% of the t repo onflg@ y medical records.
Inclusion of children identified with birth or dg¥&lopménial d ers NG i 1n e Yirst 3 years of life and
later led to a rate of 47.0 per 1,000 (72 chlldr %rom @232 1 1ons in spring resulted in
significantly more children with birth defe@ﬁs th und 0 er se@m (7.6 vs. 3.7%). Twelve
families had more than one child with a de (n= Chl ). Eaxy-two percent of the children
from families with recurrent birth defect@@vere ely, spriggg; a si cantly higher rate than that for

any other season. Three families in ﬂ@’kins defiped conggbute irst-degree relative other than a
sibling with the same or similar by dége t, cofisten Qith ndelian inheritance pattern. The
remaining nine families did not fsjfow a Mend inhf%@nce tern. The sex ratio of children with
birth defects born to applicator @mhe ows gymale Rre om@ace (1.75 to 1) across specific pesticide
class use and exposure categ@sies e@slve Q% fun %e he fungicide exposure category, normal
female births significantl eed bighs (1.281 1)@mﬂlarly, the proportion of male to female
children with birth def s s nifica@ly low@ gm 1; p = 0.02). Adverse neurologic and
neurobehavioral development ects epistergdNimong3fie children born to applicators of the fumigant
phosphine (odds ratio [OR] =248 idengg mterva [CI], 1.2-5. 1). Use of the herbicide glyphosate
yielded an OR of 3.6 (CI, 1.3-9. 6e neyedbehasgoral category. Finally, these studies point out that a)
herbicides applied in the spring mi#y be gactor finthe birth defects observed and b) fungicides can be a
significant factor in the determination ok3ex of @ children of the families of the RRV. Thus, two distinct
classes of pesticides seem to have adw@gse efg@s on different reproductive outcomes. Biologically based
confirmatory studies are needed.
&

* Quoted from article %

MATERIALS AND METHODS

1. Test material:
Test item: Herbicides, insecticides, fumigants, fungicides

. At least 15 different substances that were not further specified.
Active substance(s): .
(Only pesticide classes were assessed)
Description: Not reported
Source of test item:  Not reported
Lot/Batch#: Not reported

Purity:  Not reported
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2. Vehicle and/or positive control: Not applicable
3. Test group:
Species: Human
Age of test persons:  Not reported
Sex:  Males and females
4. Test system:

Study type: Epidemological study for the assessment of birth defects,
season of conception, and sex of children born to pesticide
applicators living in the Red River Valley of Minnesota, USA.

Collection of data: Interview and questionnaire
Guideline: Non @
GLP: No (&@3 ©

Guideline deviations:  Not applicableb 2 \b . § o\©
Inclusion criteria:  Farm famili&@vith I@ir%\ﬁmereﬁ&by a @cide applicator

No. of live births with birth defects: 1532 o\@ ©) \Q Q&
No. of family participants: 695 @%& @% &9 @& -9
No. of family with children: 536 S @Q &’@ L 9
No. of control persons:  Ni @,& ©© ©© @@@
5. Observations/analyses: é\? Q Q> O
@, 2 & S
Working historyes. All sibjects™ v N

Detailed assessment of expossde: & oungaly varngdics suCQs maternal smoking, drinking,
@ ag onbtg' eas@tch as diabetes and hypertension

Q,

©© @%vere exxmined thi@etrospective study, where possible,

2 % fam't@l genetie his (pedigree), pregnancy medication use,
N @ i g use (including vitamins) were assessed

@ @
S 9 O o . o
X Qr Eag@o Certifi€d pesticide applicator was initially interviewed by

\@ plione ggding current and past pesticide use in agriculture

Q \f’ spuctic attention to product name, years used, and the

§1umb@ of days per year applied. Approximately 6 months

G lat here possible, the subject was re-interviewed by written

ucstionnaire to document common pesticide use by pesticide
éss, acreage treated, type of crop, and use of personal
% rotective gear. Overlap between the two questionnaires was
mtentional to validate use of pesticides by class (herbicides,
insecticides, fumigants, fungicides).

Statistics: Regression analysis, two-sided #-tests, and analysis of variance
methods were employed. Variables considered for regression
analysis included mother’s age, smoking status, alcohol use,
and season of conception. Chronic diseases such as diabetes,
pharmacologically treated hypertension, and arthritis and
occupations other than agriculture were considered separately.

Specitic medication use during pregnancy and dietary

information were not considered in our survey. Residence at a
rural site (towns with populations <3,000) or on a farm during
childhood (<18 years of age) was considered a factor in some
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of these statistical analyses.

Conditional logistic regression analysis for matched studies
was performed with SAS statistical program. Odds ratios and
95% confidence intervals were obtained. Both univariate and
multivariate analyses were done. In the pooled analysis an
adjustment was made for study, study area and vital status.
When risk estimates for different pesticide exposures were
analysed only subjects with no pesticide exposure were taken
as unexposed, whereas subjects exposed to other pesticides
were disregarded.

KLIMISCH EVALUATION

1. Reliability of study: Not reliable @ 2@ O

Comment: Epidemiologic@study @’@}h so@megh@ﬂog@/ reporting
deficiencies (& ecti(@?f stu@ubje&& no igfermation about
ne

f 7 . ..
exposure dgration, &posu ation, gEsticide use
frequencﬁ@)b @ @\9@ N Q
2. Relevance of study: Not r@ant é@yph not @%ntioﬁ@@)
3. Klimisch code: 3 @& &@ &’ Ka@ @@
N O O o
v Q © o O
Response 1 — summary from Mink et @@201 < o%@ N @

e Publication reports on differer@lasse pes{,g?les a@sevep@iﬂh defects and developmental

outcomes. N && > X N

¢ Paternal use of glyphosate@s achiateds®h % e d ADD/ADHD in children (OR =
3.6). Six out of 14 childedn wi@hrent@porte%?\ D/@ D also reported exposure to
glyphosate. &)

¢ Diagnoses of AD@DH@E not@@ co Qed. @wever, overall rate for the sample
population (14/133%) wasgvell be@w ADDMADHBates for the general population (7%).

* Variables in statistical g%l ag@g@fses w@ not fgported.

X
Response 2 — summary from Wi %@s et gl (201@&

e Health data obtained via patent @ting 50 695 families via written questionnaire and confirmed
where possible.

e Pesticide use information obtaf@ed in@ly via telephone then followed up by written
questionnaire.

¢ Reproductive health outcomes fm@%hs occurring between 1968 and 1998 were obtained for 1532
live births. Over half the births%curred prior to 1978, approximately 20 years after study
Initiation.

¢ All pesticide use classes (herbicide only; herbicide and insecticide; herbicide, insecticide and
fungicide; herbicide, insecticide and fumigant) were associated with birth defects.

¢ Authors state neurobehavioral disorder would not be considered based lack consistent diagnoses.
However, a detailed analysis was conducted for ADD/ADHD.

e 439% (6/14) parent reported children with ADD/ADHD were associated with glyphosate
formulation use.

e 14 cases of ADD/ADHD reported out of 1532 live births, which is substantially lower that the
diagnosed incidence of 7% for the general population.
No conclusions regarding glyphosate exposure and ADD/ADHD outcome can be drawn.

¢ No other glyphosate specific data were reported.
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Author(s) Year Study title
Garry, V.F,, 2003 Male Reproductive Hormones and Thyroid Function in Pesticide
Holland, S.E., Applicators in the Red River Valley of Minnesota

Journal of Toxicology and Environmental Health, Part A

Erickson, L.L., Volume: 66
Burroughs, B.L. Number: 11
Pages: 965-986

Abstract®

@

In the present effort, 144 pesticide applicators and 49 urb co%@ sub Q wh@% porge@lo chronic

disease were studied. Applicators provided records of Sehson’Sesticides us y p ct volumes,
dates, and methods of application. Blood specimens for n of rmo re obtained in
summer and fall. In the herbicide-only applicator groupy 1gn§§n nt m@a to @one levels in fall
compared to summer and also elevated levels of @llicle ulat@% h @l) and luteinizing
hormone (LH) in the fall were noted. With rgSpect tex{ungi lier cross-sectional

epidemiologic study, data demonstrated that hi@oric icidgglise asso ed with a significant
alteration of the sex ratio of children borne to_applicat@s. As pgfore, $ fent study subjects it was
noted that historic fungicide use was associ wi creasgyl num being born. Lower mean
total testosierone concentrations by quarfite wereQlso cd&elatedOvith 1@eased numbers of live-born
female infants. A downward summergip fal @aso shif thy@-stlmulatmg hormone (TSH)
concentrations occurred among applic, s bupapt amo%g confrots. Fasders who had aerial application of
fungicides to their land in the currenfyeasgnShow signifieant h@ in TSH values (from 1.75 to 1.11
mU/L). Subclinical hypothyroidis as poted 1 44 a@cato TSH values >4.5 mU/L), but not in
urban control subjects. Based o rren@ d past studle@%lt w@oncluded that, in addition to pesticide
exposure, individual suscept]%hty arrsl\ perhgy S ecopipic ors may play a supporting role in the
N

reported results. Q ’ @© © @
* Quoted from article €
Quoted from articl A & © o IS

9 Q
N %" MAFERIALS ANDMETHODS
NI OIS
R Q\@ o
Test ite@ w@ herbicides, fungicides, and insecticides

Vﬁ)us active substances that were not specified in detail

1. Test material:

Active substance(s):
Description: t reported
Source of test item:> Not reported
Lot/Batch #:  Not reported
Purity:  Not reported
2. Vehicle and/or positive control: None
3. Test group:
Species: Human

Age of test persons: Exposed group to herbicides: 43.5 y; non-exposed (no pesticide
use during the relevant application season): 43.0 y; non-
exposed (control): 41.8 y

Sex: Exposed group: 144 males
non-exposed group: 49 males



Glyphosate Task Force

May 2012

Glyphosate & Salts of Glyphosate

Annex I, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

Page 823 of 1027

4. Test system:

Study type:

Guideline:

GLP/ GCP:
Guideline deviations:
Data collection:
Duration of study:
Application rate:
Persons per group:

Application technique:

Test conditions:

Inclusion criteria: %

S 1

Epidemiological study to determine male reproductive
hormones and thyroid function in pesticide applicators

None

No

Not applicable

Interview and questionnaire

Not specified

Not reported

144 exposed; 49 non-exposed (control)

Ground, aerial, man@ and custom@round sgrayln@@xd seed
treatment @ @ %

N
The test groupso smte@f 144@1d0ﬂ'§61€8@ applicators
residing in &&ed Ri@r Va]@(RR@Q xp‘@are occurred
during the applicatjqi¥

group &nsmted& 49 11@/1duals selected as

the@mm@ty bl@@bank
Non ‘&Kpose %&Nere ched@y age, health, and
S @mg SEAgus wi peicide icators. Control samples
<tz@en I er@ld in @J wergadfom different subjects!

%ron@edication herbicide use
fre y >F§ day -- , NO @ of fungicides, or fungicide use

5 ricultural pesticide application
1ng

Blood s@%m @%xp d grog loo@mples were collected in summer and

& @

5. Observations/analyses: ?’\Qo
Clinical hi
Exposure asses§%ent

9

N o NQn- ex@
@ .roce

@’

fal N

gro@ Blood samples were collected and
e exposed group.

A@ubje \.

: °st eSicide use (incl. use frequency, application technique);
\Q\' p
)

&

asgassment of used pesticides, application rates, use frequency,

lyand at the end of the application season , detailed
plication techniques etc., as well as a reproductive health

Qhistory of the family.

Clinical signs%Not performed

Body weight:
Haematology:

Clinical chemistry:

Urine analysis:
Other:
Statistics:

Not performed

Not performed.

LH and FSH levels;

Total and free testosterone levels;

TSH, total and free T4 levels

Not performed.

Offspring gender ratio

Urban control and pesticide applicator subject comparison
groups were matched by age (within 5 yr) and smoking status.

Within-group hormonal measurements from summer and fall
were compared using paired t-tests. Between-group
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comparisons were conducted using two-tailed t-tests for
significance. The criterion for significance was set at p<0.05.
Applicators and control subjects whose values exceeded the
established normal clinical range (outliers) for these hormones
were treated separately in our analysis.

KLIMISCH EVALUATION

1. Reliability of study: Not reliable

Comment: Epidemiological study with some methodological / reporting
deficiencies (e.g. selection of control subjects/samples, no
details of exposure). ocumentatlon 1s insufficient f%
assessment.

©) <)
2. Relevance of study: Not relevant (Dué&o rehty h@idl no di%t

3. Klimisch code: 3

assessment of @phoexp@ was@ade)@@
@ @ 0 @
o & &K S

Q o
Response — GTF @2\' @ N @ &

N «@ N
The publication brings little if any ir# atu&&n en@%nts a@lbut to glyphosate.
Given the subjects were pesticid llcat ittle &n be @wn tr@y the findings other than
perhaps certain endpoints which§E be@ 13,@w1th (p spe@: occupation exposed to

Q,

multiple chemical substances. > S %,
Of the 136 participants vol ; &&iﬁd s@@les Wqly one ‘@ilwdual (subject D) was noted

with one abnormally high oid vels @mat@vlm glyphosate use; thyroid
stimulating hormone (F was ghout ‘dé e the,) rma@nge in the fall and thyroid stimulating
\ll su

hormone (TSH) higheg than ngigal iny @
Another 1nd1v1dua1@c@ad rmalgyy 1gh H levels associated with multiple pesticide
usage of 12 dlffe%gt active T gre%g s. ©

Q

& g S



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 825 of 1027
Author(s) Year Study title
Bell, E.M. 2001 A Case-Control Study of Pesticides and Fetal Death Due to
Hertz-Picciotto, L. Congenital Anomalies

Epidemiology
Beaumont, J.J. Volume: 12

Number: 2

Pages: 148-156

Abstract®

L e e
We examined the association between late fetal death due to@geqf&? anos (7@&36@,@@1 controls)
and maternal residential proximity to pesticide applications in.Ye C@omizﬁ@unti@\A statewide
o . .. E.: @) R ) .
database of all applications of restricted pesticides wasdinked H;§‘al a S @etermlne daily

exposure status. We examined five pesticide chemicaly Aasses@The S T9HOS frog;@gistic regression

models, adjusted for maternal age and county, sho®@ed a §$ sistefD pattet wi pect to timing of
exposure; the largest risks for fetal death due to cﬁenitalé%oma Ky weregrom icide exposure during
the 3rd— 8th weeks of pregnancy. For exposur er ifhe sqgate mil&dF the Waternal residence or in
one of the adjacent 8 square miles, odds ratiog ranged@dm 1 5% fide@@ interval = 0.8 — 2.4) for
phosphates, carbamates, and endocrine di tors 22 % cc@iden% nterval = 1.3 — 3.9) for
halogenated hydrocarbons. Similar oddséatios e ob&dved @en a @ore restrictive definition of
nonexposure (not exposed to any of the fgxe pestcRle c} s dupine the @ 8th weeks of pregnancy) was
used. The odds ratios for all pesticid sses@ reasea%whe%posu@occurred within the same square
mile of maternal residence. N & Q NS
< 9 .
N

7

©)

Y @ o &

'.3 ‘;\@‘)

& M ER A@ME@!ODS
) @ < @© @

1. Test material:

@ @
@ @@@ Var' chepidal groups — carbamates, halogenated
Test @ h carbgns, phosphates, pyrethroids, and endocrine
. @rupt@@%otal of 327 pesticides)

Active substance(s)NOWVx iO@ active substances incl. glyphosate
Descriptiog®y Nogported
Source of test item: %t reported
Lot/Batch Qlot reported
Purity: ~ Not reported

* Quoted from article

2. Vehicle and/or positive control: None
3. Test group:
Species: Human
Age of test persons: 18 - >35y

Sex: Exposed group: 73 females
non-exposed group: 611 females

4. Test system:

Study type: A Case-Control Study of Pesticides and Fetal Death Due to
Congenital Anomalies

Guideline: None
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GLP/ GCP:
Guideline deviations:
Duration of study:
Application rate:
Persons per group:
Application technique:

Test conditions:

Case identification:

5. Observations/analyses:
Clinical hist

Chnlcal \C ns:

Body@elgh @X

No

Not applicable

Not applicable

Not reported

73 exposed; 611 non-exposed (control)
Ground and aerial spraying

The exposed group consisted of 73 selected cases which were
located in the same square mile or surrounding square miles
from an area where the pesticides were applied. Exposure
occurred during 1-20, 1-13, and 3-8 weeks of pregnancy by

ground or aerial spraying.
The non-exposed g$p consisted of%11 heglthy fe@es not
exposed to the s% ic e@%lde IRing %%eleva@mme

period.

None of the sorﬁposeon e@sed)é@re mvolved in
s

appllcatlo pest,

Expos oup: entgong an glles in foetuses

from t@ deal oeta1° ths after week 20
wereSonsi .

N@ex@ groud) n(gé@mrth e flned as livebirths with no
O

geni€d) malforhatio

o@@&

N
}Eég@s’ed non@osed«@rsons

Exposg@erso yo\

Not g formy I

Ha@ato S N(@perfo . @@

cn@hes y

t perl@?me @

Urin sis©& Not
Qaly 9 No p@or

Statigt @

m;ﬁg@
S 'fied ses were used to determine which covariates
oteggyal to be confounders. The exposure prevalence

on controls and the distribution of covariates by case-

N

con status were assessed.

G ied odds ratios (ORs) were examined to screen for

%ential effect modifiers. Inclusion criteria for potential effect

difiers required that stratum-specitic ORs difter by 100% or
more. On the basis of the results of these stratified analyses, we
included no interaction term in the model.
Adjusted ORs and 95% confidence intervals (ClIs) were
calculated using logistic regression for those exposed according
to the nine-TRS definition, and again for those exposed in the
one-TRS definition, separately for each of the five pesticide
classes. Separate analyses for ground and aerial modes of
application were also completed for those exposed in the nine
TRSs. These analyses were limited to those exposed to the
specific pesticide class and mode of interest.
For those who returned questionnaires, an analysis that
adjusted for variables not available from the birth and death
certificates was conducted.
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KLIMISCH EVALUATION

1. Reliability of study: Not reliable

Comment: Epidemological study with methodological deficiencies (e.g.
glyphosate was included in the pesticide class of phosphates,
thiophosphates, phosphonates, no ditferentiation between
single and multiple exposures, correlation, if any, only to
pesticide classes and not to specific active substances)

2. Relevance of study: Not relevant (No glyphosate-specific results.)
3. Klimisch code: 3

Response — summary from Williams et al. (2012)

Classes of pesticides were evaluated in this study, w1th@phosate nc
ingredients in the broad category of * phosphates/tr pho /ph

ed as one of 4 otive
mg@n

ona TR

Of the 47 active ingredients, many were organo r@ﬁectlcl w1th wm@nmahan
modes of action. The glyphosate mode of actlo@ pl@ which is not
present in the animal kingdom.

Given the very low volatility of glyphosate «a@the lo§poten§ﬁl forﬁ%alatl &xposures to
acrosol sprays up to two miles away from%& sub@ ic d s to °%ﬁ)hosate would be
considered negligible. @ @

Mose et al., (2008) demonstrated a 10 erfu @ rate @ te acgy %@ the placenta. Coupled

with the known low dermal and gastr%mtest@ abs yph(@te and the rapid elimination
of systemic doses of glyphosate 1 url ut@xpo s would be extremely

limited. @

@
The reported congenital anom@s z&@lated%\m fe@gleath@ell et al. (2001) can in no way

be linked to glyphosate exp@re
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Author(s) Year Study title
Aris, A. 2011 Maternal and fetal exposure to pesticides associated to genetically
Leblanc, S. modified foods in Eastern Townships of Quebec, Canada.

Reproductive toxicology

Volume: 31

Pages: 528-533

Abstract®

as glyphosate (GLYP) and gluphosinate (GLUF) or 1nse&@1de @ch 1alo bacillus

Pesticides associated to genetically modified foods (PAGMF)@&: englneere 0 tolerage herb *{ des such
a@? :
thuringiensis (Bt). The aim of this study was to eval a%&the elati @al and fetal
exposure, and to determine exposure levels of GLYP 1ts § osphorlc acid
¢ aci

(AMPA), GLUF and its metabolite 3-methylphosphinigQ rop $IYIAID protein (a
Bt toxin) in Eastern Townships of Quebec, Canada,, @)od ofRtirty pkoe antwome 'W) and thirty-nine
nonpregnant women (NPW) were studied. Se 1%11 F V&Qre detgeted in NPW and not
detected in PW. Serum 3-MPPA and CryAbl t wer @etect heir fotises and NPW. This is

the way for a new field in reproductive toxic dlng @ ition @hd ut lacental toxicities.
QQ
M@ERI& ME&I%D@@

@

the first study to reveal the presence of circu a%,l T in @m an%@lthout pregnancy, paving

* Quoted from article @

1. Test material:

Q %
Test items / active sub@nce%@ Gl}@sate;% &@9

acillus@urin giehisis;
@ AM@(amﬂ@nethyl phosphoric acid)
3 &PPA %%ethylphosphlnlcoproplonlc acid)
Q\ @ylAb@otem (Bt toxin)
Purity: ot rggorted
2. Vehicle and/or positive control: & N@plicable
3. Test group: S
Species%%luman
Sex: Female
Age: Pregnant woman: 32.4 £4.2 yr (mean)
Non-pregnant women: 33.9 £4.0 yr (mean)
Number of test persons (pregnant): 30

Number of control persons (non-

39
pregnant):
4. Test system:

Study type: Maternal and foetal exposure to pesticides associated to
genetically modified foods

Guideline: Non-guideline study
GLP: No
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Guideline deviations:  Not applicable
Duration of study: Not reported
Collection of data:

Inclusion criteria:  Subjects were pregnant and non-pregnant women living in
Sherbrooke, an urban area of Eastern Townships of Quebec,
Canada. No subject had worked or lived with a spouse working
in contact with pesticides.

Eligible groups were matched for age and biody mass index
(BMI)

BMI: Pregnant woman: 249 +3.1 kg/m2 (mean)
Non-pregnant women: 24.8 +3.4 kg/m (mean)
Exposure conditions: It was assumed that@ sub]ects g exposed due Qe diet

of herbicide- toler@ en fle PS- o3
Diet: The diet takeng @L%rplc \f a @1&: opu n of

Western ind allze@oun ark@p-basket,

representa for §Q ener é’o e p latlon

Additional factors: Participas wer; not kn@\vyvn for cﬁarette Qllhclt drug use or

for il corglition &ﬁ® b@s h}s@ensmn or metabolic
disea&g). RS ?&9@ &

5. Observations/analyses: 9 @&7@ § Q @@@
Sampling: @bood pling Gs dorObefo elivery for pregnant women
@Por at ligg@n fo npre t women and was most

co nly, Naineégrom edian cubital vein, on the

N orior f
Measu e@%lts %vels@E@LY @ME@LUF and 3-MPPA were measured
6 @%smg@as chr togr&@ly—mass spectrometry (GC-MS).

-9
@\ @9 Ab @%m Is were determined in blood using a
& @ ommer able double antibody sandwich (DAS)
N @ enz llnke@lmmunosorbent assay.
?S&tyatlst@@? PAGMP ( &dicides associated to genetically modified plants)
N\ sur s expressed as number, range and mean £ SD for
Q “wach gr%*up Characteristics of cases and controls and PAGMP

§Qexpo@e were compared using the Mann—Whitney U-test for
oﬁuous data and by Fisher’s exact test for categorical data.
ilcoxon matched pairs test compared two dependent groups.
er statistical analyses were performed using Spearman
correlations. Analyses were realized with the software SPSS
version 17.0. A value of P < 0.05 was considered as significant
for every statistical analysis.

KLIMISCH EVALUATION

1. Reliability of study: Not reliable

Comment: Exact levels of PAGMF, glyphosate or AMPA in the diets were
not determined. It is not clear if the measured concentrations
could have been resulted from other exposure routes.

2. Relevance of study: Relevant with restrictions (Provides real life actual exposure
concentrations in humans. Data are limited due to the absence
of any information on applied pesticides, application rates, etc.)
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3. Klimisch code: 3

Response — Monsanto Letter to the Editor

Comment: Aris and Leblanc “Maternal and fetal exposure to pesticides associated to genetically modified
foods in Eastern Townships of Quebec, Canada”

To the Editor,

We have reviewed the publication of Aris and Leblanc entitled “Maternal and fetal exposure to pesticides
associated to genetically modified foods in Eastern Townships of Quebec, Canada”, and wish to provide
comment. The study has also been the subject of a regulatory reyiew (FSANZ) which reached ¢onclusions
similar to our own. Findings for glyphosate and AMPA consistent @ﬁh prevolouiglications
(cquavella et al., 2003; Curwin et al., 2007), and levels det%@i ar @nsmt@ w1th elow any

level of concern (Curwin et al., 2007). Glyphosate has gotNem: ate pro velopmental
toxicity in repeated mammalian studies. The recent inc@ ypho 1n - crlne disrupter
sr

screening is the result of exposure potential, not ev1de% é@ocrln as @» ied by Aris and
Leblanc.
& &
. N\ S o % .
Attempts to detect Cry proteins in the blood ' M- imagy ha\@en linkfed by methodological
challenges and commercial immunoassay 1;% as us@ in studsyodid roduce valid results in
porcine blood. An assay system validated foiNgSe in favine bfyod failsd to detgct CrylAb (LOD 1 ng/mlL.)

despite very much higher intake (as % di per ody @eigh \@ an hf@ans, making assay validation
essential. The authors did not provide yafidati forgd@ion the @Ab assay in human blood. A
standard curve was said to span a ranggQf 0 LD ng/mb; but Ko Statis &1 limit of detection is reported. It
appears that the authors have reported: all als a firmed “detects”, despite the fact
that many samples have concentr: S b ely @Tﬂ)@ t of this assay system based on our

own experience. Thus, the numb@} iy Cr S 18 ly 0& tated probably significantly.

The antibody in the Agdla @ kno‘@Qo byad to other cry proteins, and can also bind to
rote

fragments derived from tact ile pfOtein digdstion and absorption primarily takes place as
mono to tri-peptides, small qu@les rot%@ or la@r protein fragments are absorbed as a part of
R

normal human physiology. @

CrylAb and related proteins (WQgh nter&@ln this assay system) are widely used in organic
agriculture on foods intended for dlrec anggpnsumption. CrylAb is present in GM maize intended
primarily for animal feed and proc $§ood ingredients (corn syrup, starch, etc.), and human
consumption is expected to be quite low. Further, very little corn is consumed by humans in a raw state,

and cooking denatures CrylAb protein eligfiyating its biological (insecticidal) activity.

Although we believe that the reporte?rate of detection 1s elevated, it is possible that CrylAb (or
fragments) can be found in some individuals with a sufficiently high intake and sensitive assay system.
This must be put in proper perspective. Cry proteins as a class are exempt from tolerance (i.e. no maximal
intake levels were set), indicating that any potentially achievable exposure raises no safety concern. The
no-effect level for purified CrylAb in acute animal testing is 4000 mg/kg (highest level tested). For a
theoretical 50 kg female, this 1s the equivalent of 200,000,000 _g of CrylAb protein. Detection of 1
ng/mL of CrylAb in the blood of a 50 kg female (assuming 20% extracellular fluid volume, as proteins
generally do not distribute intracellularly) is crudely equivalent to 10 _g of total CrylAb — 20-million
times less than a dose which has no discernable eftect.

In short, results for glyphosate are unsurprising and raise no health concerns. Detections of Cryl Ab appear
to be over-reported. Based upon the limited intake of CrylAb and the fact that little protein is absorbed
intact, reported detections may be technical artifacts and at best represent protein fragments in addition to
intact protein — the vast majority of which are expected to be biologically inactive after processing.
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CrylAb has been subjected to extensive safety assessment accounting for human exposure with a large
margin of safety. Contrary to Aris and Leblanc, available traits are approved for human consumption, even
if not the primary intent of cultivation. Mammalian toxicity has not been demonstrated with CrylAb or
related Cry proteins, and all of the women and infants were normal. The reported findings, even if they
should prove to be correct, raise no safety concerns.

The authors are full-time employees of Monsanto company, a manufacturer of products incorporating
glyphosate and CrylAb.

Daniel A. Goldstein
Samuel Dubelman

David Grothaus
Bruce G. Hammond
Monsanto, Inc., °
800 N. Lindbergh Blvd., ©@ @° ©@ @° og@b
St. Louis, MO S S > &N ©
63167, USA @b ©@ N o@@ @
K\ §@ © 0 &Q
@ © \Q Q
& & «
o O & @
L & WO
o & I 2
P > o O 2
Q © S
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Author(s) Year Study title
Benitez-Leite, S. 2009 Malformaciones congénitas asociadas a agrotoxicos.
Macchi, ML Arch Pediatr Urug
and Acosta, M. Volume: 80
Number: 3
Pages: 237-247

Abstract®

relationship between parental exposure and congenital malforngtions in the ngwborn. Qbjectiy to study
the association between exposure to pesticides and con e&@l @%maé@ls in sggonat, rn in the
Regional Hospital of Encarnacién, in the Department o tapﬁ%arag . M§@ialso methods: a
prospective case-controlled study carried out from Mafeh 2 %o FeRrary . Cales included all
newborns with congenital malformations, and contr ere @ hea childrén of @e same sex born
immediately thereafter. Births outside the hospital A@e not @mted.@ixpo wa@nsidered to be any
contact with agricultural chemicals, in addition er kn@§¥n riskdactorsgor con%]n al defects. Results:

Introduction: exposure to pesticides is a known risk for human health. This paper de;criobes the

a total of 52 cases and 87 controls were analyzed@ he ayerage nggiber irths &&¢h month was 216. The
significantly associated risk factors were: livi ear @died fgekds ( 46 @@‘ 1,09-5,57, p<0,02),
dwelling located less than 1 km (OR 2,66, €495 % -5,97@)<0,00®, storgge of pesticides in the home
(OR 15,35, CI95% 1,96-701,63), p<0.0038dlirecty accid&ital cofdnct wil pesticides (OR 3,19, CI95%
0.97-11.4, p<0,04), and family history mal@nati° R , CI@ 1,94-30,56, p<0,001). Other
known risk factors for malformations not staridsical sieniticansy. Conclusion: the results show an
association between exposure to pe&@lde@jﬁon%ﬁtal &@ or%@ns. Further studies are required to
ionflrm these f11‘1d1ngs. o o & N >
Quoted from article b @ @

1. Test material: @ D xS
Test @ S@tal pegticides were assessed but not specified.
Active substa@@(s): °@veraive substances were assessed but not specified.
Descriptiondy "Not gorted
Source of test itenf. N@eported
Lot/Batch #: @t reported
Purity%Not reported
2. Vehicle and/or positive control: None
3. Test group:
Species: Human
Age of test persons: Newborn babies

(The exposed mothers had an average age of 25 years (range:
12-45 years))

(Age of mothers from the control group not specified)
Sex: Males and females
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4. Test system:
Study type: Epidemiological study for developmental toxicity
Guideline: None
GLP/GCP: No
Guideline deviations:  Not applicable
Duration of study: 11 months (between March 28, 2006 and February 28, 2007)
Collection of data:  Questionnaire
Test group: 2414 newborn babies

Control group:

Application rate:

Exposure frequency:

Application technique:

5. Observations/analyses:

Clinical history:

Clinical signs:

Body weight:

Clinical chemis

Urine

&
&
@

&

Q¥

@@t per@med O O
Haematology @Not 1@9 ormg
K@Q erforts -u ed. Q

Ev@atlo@The

16/m0n ). T

@ hosse, i the
oq (/l

\Q\'
year
&

Controls were all healthy children of the same sex born
immediately after the study period (February 28, 2007) up to

87 newborns
whm@he m@ers had

The concentlratl%§ @the @101d
been exposed wasnot speified

kS Ca \b
Not assessed@ @

@atlon@
& A&
Not pet orm@ @

A@erson&mln@ gnargy.

Mainly fu

Not pe@m o\
(g5t groug’consi il of all newborns recorded in the

al F%‘%ltal &ncamacmn during the observation
od @ 14 cases were recorded (mean value:
others of the newborn were asked several
que%@ls sucfOns where they live, if they store pesticides at
ork with pesticides, etc.... The region of Itapta

al oya cultivation. Paraguay was declared by the
0 ass place of concern, since big amounts of pesticides are
sed (approx. 24 million L of pesticides per year).
Poputation living in the area are exposed to these

%r;)chemicals via many pathways (mother’s home proximity
Qe

eated fields, workplace, or private use of pesticides).

%According to the statistic conducted with the mothers 55% of

Exposure situation:

Record of malformations:

Clinical history:
Clinical signs:

Body weight:

them lived in urban areas, 82% worked as housewife.

19.9% of the mothers had had direct contact or accidentally
with pesticides, 28.8% of the fathers had been exposed. 42.3%
of the asked mothers lived near treated fields. 15.3% had
pesticides at home for private use.

22 different types of congenital malformations were recorded
and statistically assessed, such as ear, hand or arm
malformation.

Not performed.
All mothers during pregnancy.
Not performed.
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Haematology:
Clinical chemistry:
Urine analysis:

Malformation assessment:

Statistics.

1. Reliability of study:

Not performed.
Not performed.
Not performed.
All newborns were examined for malformations

22 different types of congenital malformations were recorded
and statistically assessed, such as ear, hand or arm
malformation.

Yes, odds ratio statistic.

KLIMISCH EVALUATION
. o @ @° @b
Not rellal?le &Q . @ Q IR
Study design %c%lde ful a@udy devefgmental

Comment:

2. Relevance of study:

3. Klimisch code:

toxicity insufgetent fOassesspgent, a@v 1 as@ethological and
reporting d@ﬁﬂeng% no @ssrr@ty to wl&@ pesticides /

active sw@nce m s weba®xposéd) use frequency not

specifiedysele of Qu ol p aft@study period is
ques '@able,@@ nf tio exp(%}e situation of mother
1S CO

for,

0 1@1 grougnisses
ot reley@nt (T

! etc.@

J}io @xpo ¢ to sg¥eral pesticides was assessed
Qn gen: b:gtgo pestigiie or e substance, including

glypkQsate, specified or ssed)
e &
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2. Literature Review of Neurotoxicity Publications

Several publications over the last decade have evaluated glyphosate with respect to neurotoxicity
endpoints. Three papers report a total of two human cases of Parkinson’s disease. The first case followed
acute exposure to a glyphosate formulation while spraying a garden (Barbosa et al., 2001; da Costa et al,
2003). The second case reported chronic exposures to a factory worker in China, where a variety of
pesticides including glyphosate were produced (Wang et al, 2011). Several questions arise in attempting
to link glyphosate exposures with each case of Parkinson’s disease. Firstly, significant systemic exposures
to glyphosate in each instance are questionable, given the poor dermal absorption and low volatility of the
compound. Secondly, if glyphosate was a causative agent of this fairly common disease, a significant
number of cases associated with either acute and/or chronic exposures would be evident. Glyphosate
formulations are sometimes readily accessible for suicide attempts, which are usually unsuccessful, as less
than 10% of glyphosate self administered ingestions result in death. No reports of Parkinson’s disease in
survivors following very acute ingestions of glyphosate produ ave been documented Gly@sate has
been manufactured and widely used in agriculture and cons fs fogeap pro tely @years, so a

single case of a pesticide factory worker developing Parfgiison’ ?%hsea hlls@lfor e, does not
constitute cause and effect; there is no evidence of a higl@@ q@ 0@( c@dl i glyphosate

production workers. , ®

& &L & &
Multiple long term animal studies with glyp @te h%e) gﬁd to { ons % any evidence of
neurotoxicity, and certainly have not shown egglénce arlgnson’ske ab alities. While some
studies have suggested statistical associations With geperal p ide @osm@(enborg et al., 2011) or
general insecticide or herbicide exposure (E@ 200@ here ®no ¢ @ence suggesting a specific
association between glyphosate and Parkdgson’s @ikease.@n the@rgest@ dy to date of US Farmers
(Agricultural Health Study), no increaggd risk arl@@son s Qrseasg@as found in association with
reported glyphosate use (Kamel et a 00 QHumm no cer eﬁiemiologic outcomes related to
glyphosate have recently been revi ( a}ix_QOIZ d the@is no convincing evidence for an
increased incidence of Parkinson® disea or Q@ n&@logi@b disorders in individuals reporting
glyphosate exposure. @ & AN ION

7
O N &Q
Several publications open @the f@ﬁuse t pe € cxpsures are linked with Parkinson’s disease,
and then proceed to repor FioFi T earch mg yphosd¥¢ with a measurable endpoint. This endpoint
is then extrapolated to llnk wi @ﬁrkln @se in_fwmans. Despite the lack of compelling human
associations between glypho e a% Parlgfison’s disease, such research continues to be

published. Astiz et al., (2009), Ne @t al. (@ﬂ 1) and Gul et al. (2012) all conducted glyphosate research
in the above mentioned mann 11 i,n\@/ery erent test systems. Negga et al. (2011) notes
neurodegeneration in Caenorhabditis ek@ihs werms following exposure to glyphosate (trimesium form,

which has a different toxicology prof} an @yphosate) uses concentrations equal to the LD25, L.D50
and LD75, or actual concentrations of gl sate of 3 to 10 percent, i.c.- the high concentration is
approximately 10-fold HIGHER than cone%trations applied directly in the field. The relevance of such
high-dose exposures to the trimesium $in this experimental model to human Parkinson’s disease is

highly questionable and irrelevant to theSAnnex 1 renewal of glyphosate technical acid. Atiz et al. (2009)
and Gui et al. (2012) both affirm their test models (in rats and in PC-12 cells respectively) for evaluating
neurodegenerative disorders, then directly link their research results to Parkinson’s disease in humans;
these two studies are addressed below.

Cole et al. (2003) evaluated 15 different pesticides for neurotoxic endpoints in C. elegans with analytical
grade active ingredients, noting reduced cholinesterase for pesticides with this mode of action, but not
glyphosate. Interestingly, the authors report a low pH effect resulting in reduced cholinesterase activity in
the high dose of glyphosate and a plant growth promoter. Glyphosate formulations contain salt forms of
glyphosate, not the technical acid and thus do not have a low pH. Additionally, human incidents of self
induced glyphosate poisonings do not report the common symptoms of acute acetylcholinesterase
inhibition; salivation, lacrimation, urination and defecation (SLUD).
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Author(s) Year Study title
Barbosa, E.R. 2001 Parkinsonism After Glycine-Derivate Exposure
Leiros da Costa M.D. Movement Disorders
Bacheschi, L.A. Volume: 16
Scaff M. Number: 3
Pages: 565-568

Abstract®

This 54-year-old man accidentally sprayed himself with the chemical agent glyphosate, a herbicide

derived from the amino acid glycine. He developed disseminatgd skin lesions 6 hours after the accident.

One month later, he developed a symmetrical parkinsonian sy me. ”l;wo yeghs after the initj QD xposure
n th

to glyphosate, magnetic resonance imaging revealed h%@lten 1gnaw]@1 busspllidus and

30

. . . . - N X \' 1
substantia nigra, bilaterally, on T2-weighted images. Leyodop Seraz, 500 m@ally provided
satisfactory clinical outcome. @Zb @@ § &\ KQ

¢ Q
* Quoted from article N @ @ ©© \Q Q&
NS T SEEY
MATERIA@M&@ETN S Q@ @\@
1. Test material: °\@ @%@ § & @
. . @ @

R

Test item: @@lyph & Q
Puri@ No@ortea\% @

2. Vehicle and/or positive control; N) )@appli@%&: § N

3. Test person: @Q @% & ;&\ é}@?
. \@@ Sew% Mate@ @ AN

4. Test system:

P SR o
uideline @nn- @1 eline study

GLP/GCEY No &
Guideline deviations: &)t applicable
Duration of study; < years

X

Exposure:™ Acute accidental exposure of a 54-year-old male during

spraying glyphosate in the garden. The man did not wear any
protective gear (e.g. gloves, face mask). Exposure occurred as
the breeze blew the spray back into his trunk, arms, legs, and
face. The substance residues were washed off his body 30
minutes after exposure.

Application parameters:  Concentration — not reported;
Total amount handled — not reported;
Personal protection equipment — not worn
Additional factors: Medical history — not reported;
Lifestyle factors (smoking etc.) — not reported;
Use of prescribed drugs — not reported
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5. Observations/analyses:

Observations:  Six hours after exposure — severe conjunctival hyperemia and a
generalised cutaneous rash

One week after exposure — skin lesions became blistered;
One month — rigidity and slowness in extremities;
One year — slow tremor of hand, impaired short-term memory;
Further on parkinsonian syndrome.
Statistics:  Not applicable

KLIMISCH EVALUATION
1. Reliability of study: Not assignable O _@° ©@ @O @
. Qﬁ& N D
Comment: Medical case I%O t & \b Q) o\©
2. Relevance of study: Relevant wit@restrictibns (R3ta ar %}1 tedQwe to the
absence o y infeiynatio u@r and agpfication
conce ns ok g yph ate form atlon well as co-
formu§;ls Q) @
3. Klimisch code: % N @
& &@ SRR
@ %
GTF C t & @Q © @6 X
ommen
@ o o§) Q &Q

¢ See opening paragraph of é@ sectgon. @ &\ @f
¢ See Medical section 5.9®‘Cli&@l 31gn@and sgptom&@j poisoning and details of clinical tests”

0@@@% @
S E S
e 0 o &£
%’\,@@@N@?
X
@ o &
QY &
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Author(s) Year Study title
Astiz, M. 2009 Effect of pesticides on cell survival in liver and brain rat tissues
de Alaniz, M.J. Ecotoxicology and Environmental Safety
Volume: 72
Marra, C.A. Pages: 2025-2032

Abstract*

Pesticides are the main environmental factor associated w1th the etiology of human neuro generatlve
disorders such as Parkinson's disease. Our laboratory has pr usly demon ated tha; the tment of
rats with low doses of dimethoate, zineb or glyphosate alo& @mbl n 1n tive stress
(OS) in liver and brain. The aim of the present work w 1nv ate e pe 1de- ced OS was
able to affect brain and liver cell survival. The treatm @ of Wy §w1th° es (1.p. 1/250
LD50, three times a week for 5 weeks) caused logg of chon e potential and
cardiolipin content, especially in substantia nlgI;aN) a @nco ggls‘e of fatty acid
peroxidation. The activation of calpain apoptotlgie scad 1n ‘$ -dependent pathway)
would be responsible for the DNA fragmentau%@patter ser ese %sults may contribute to

understand the effect(s) of chronic and &multaz% us e@suxe @ estl surv1va1

@’ @©© @9

* Quoted from article

1. Test material:

@
S Ul@wn 1&€al commercial sources & Instituto Nacional de
& T@lolo Agropecuaria (INTA, Castelar, Argentina)

Lot/Baish #; t rep%sted
Purityd Notgs orted

2. Vehicle: Po@ethylene glycol (PEG-400)
3. Test animals: Q
Species%Rat

Strain:  Wistar, SPF-free
Source:  Not reported
Age of test animals at study initiation:  Not reported

Sex:  Male
Body weight: 190+20 g
Acclimation period: 1 week
Diet/Food:  Standard Purina chow from Ganave Co. (Santa Fe, Argentina)

Water:  Water, ad libitum

Housing:: Not reported
Environmental conditions: Temperature: 25 +2°C
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4. Test system:

Study type:
Guideline:

GLP:

Guideline deviations:
Duration of study:

Dose levels:

Q@ @Q

Humidity:
Air changes:

Not reported
Not reported
12-hour light/dark cycle

Sub-chronic study
No

No

Not applicable

5 weeks
Untreated control,

Vehicle control: p@(é&nylene glycc@lOO (PE(-400

15 mg zineb/kg @ (b.%%n P 00; X

10 mg glyphos@/kg b&'in 400; @ \©
15 mg dlme@ate/k@ W. n@% 40}%» §
S o R S

15 mg %%eb/k@v +1@g glyfhosaielsg b.w. in PEG-400;
15 mg@meb/@b wam @emq%e o b.w. in PEG-400;
IQ&@g glosate@) ethoate/kg b.w. in PEG-
@

@@ 15 @sze,&%g b. % n&%yphosate/kg b.w.+15 mg

©

Animals per do%@r up &9

Expoz% rou

@vo@ l@repo ©
'nls@tmn B (imes a week@

@ Acc

d11n

Frequency of a

Animal maintenance and

5. Observations/analyses: Q

X

thoa@kg b. \Q’ &
grou ﬁf 4 r@ ach\@’

1 @ctmn% @&Q

@@

the NIH guide for the care and use of
la@ atory@mmals
QO

Test substance preparation@i%l ot t@orted. There are also no information on achieved

co trations, homogeneity and stability of test substance
eparations.

Mortality, Not reported

Body weight:

Food- and water consumptions:
Haematology:

Clinical chemistry:

Urine analysis:

Pathology:

Organ weights:
Histopathology:

Sample preparations:

X

Clinical signs:

Noted weekly

Measured weekly

Assessed, but not reported

Not performed

Not performed

Not performed

No gross pathology performed

Liver, cerebral cortes and substantia nigra of brains
Not performed

Livers and brains (cerebral cortex (ventromedial areas directly
connected with substantia nigra) and substantia nigra) each



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 840 of 1027

homogenized in HEPES 50 mM pH 7.4 with CHAPS 5 mM,
dithiotreitol 5 mM, and aprotinin10 pg/ml, in a proportion of
300 ul buffer to 50 mg tissue. Cytosolic fractions for caspase
and calpain measurements was prepared by homogenate
centrifugation (20000 g, 15 min, 4°C). All samples were stored
at -80°C until analyses.

Mitochondrial fractions were prepared from all tissues by
homogenisation with HEPES 10 mM, pH 7.5 containing
“mannitol 200 mM, sucrose 70 mM, and EGTA 1 mM
followed by a combination of low- and high-speed
centrifugation procedures. Samples of mitochondrial
suspensions were treated with glutaraldehyde, impregnated and
included in epoxyde-polymer for electron microscopy.
DNA-samples wer ified gecord@e to the Qiag t
protocol after h%@éeni@@n of ¥ue. %% °\e@
Analytical methods: To assess the i@grit @1&: i mﬁc@ondﬁ@nembrane
(IMM), the @trocré%cal on gradient ) was tested
using a megdrane @ entiak-3ensike prob -1) using
MITO-1I testit, (Sig@a Co.);
The i@rity £he o@ mito@ondri%@-embrane (OMM)
was ieasurgby d 'ni@le cygrhromec (Cyt,) oxidase
ae@ty, inthe pregshce an@ibsergf the detergent n-dodecyl
@D-m ide u§ing CYPOCOXY kit (Sigma Co.);
@Millis(#- a@@ﬁcrqf@) cal@n activities were measured in

the @gtoplagmic frag(ions. assay mvolves the hydrolysis of
N) @le ultiypure in ({ a, Chem. Co.) by calpain activity
©© &and th@?é}bse dege@yon of trichloroacetic acid (TCA)-
@ @solul@ peptg ragl@ts at 280 nm;
Cagfuse-3 @fivietiggywere measured in tissue homogenates
uging a rlme@ assay kit (CASP-3-C).
@ @ otal 'tochm@al glutathione was measured by an adaptation
@ @@@ of 1madQ method using the purified mitochondrial
@ su@@nsio&as sample;
N . .
Q JANA f]:@‘nentatlon patterns were also analyzed using the
@NA ddering technique;

@Q Pr@ content was determined according to the method of
owry et al. (1951).

Lipid analysis: tochondrial cardiolipin (CL) content was quantified by
%means of phosphorous measurement using the method of Chen
et al. (1956). Colorimetric reactions were performed on lipid
extracts previously obtained by the method of Folch et al.
(1957). Samples were separated by high-performance thin layer
chromatography (HPTLC).

Statistics: The results were expressed as the mean + standard error of four
independent experiments. They were statistically analyzed by
one-way analysis of variance (ANOVA) followed by a Tukey
multiple comparison test, and were considered different with
respect to control data at two levels of significance:* P<0.05
and **P<().01.Linear and non-linear correlation coefficients
were calculated.
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KLIMISCH EVALUATION
1. Reliability of study: Not reliable
Comment: Unsuitable test system (i.p exposure route is not relevant for

human exposure). No information on purities of test substances
used. Small group size (4 males/dose group), reporting
deficiencies

2. Relevance of study: Not relevant (intraperitoneal injection is a non-relevant route
of exposure for humans)

3. Klimisch code: 3

Response — GTF

This non-guideline study utilized very small grou @mb Q4 rou%@d Lp@@fore is not
sufficiently robust to appropriately identify chan QP%ttmb %&Te to@e test@erlg@mmstratlon
Route of administration via intraperitoneal inj n 1s@t an roprrou@f exposure for
human health or environmental risk assessm /

%

Q
QL A
The test materials are not well described, \& out %mcatlaxgof wlﬁ\tﬁer a é@hosate salt form or
acid was used and purity was not reporte@ @ @ @ °\
The publication focuses on the post Mecro dat alyﬁ&@and Porting. Data on animal

B ey

husbandry, clinical observations, feéd and wpter 1@ e, \% y body weight were not reported,
but the authors note there were no@%rs%@ serv, % ns. O
No statistically significant effeg%vere fied f@@ver m@pomt%%ye the liver is in close proximity
to test material administration3da 1 ritopal inj n.
Statistically significant eff&s were ote T br@lssu ndpoints in the substantia nigra and
cerebral cortex. Howeyy th@ is @i“ack %fblolo@l plausibility for brain exposures to
glyphosate, given thoe@ecess@ 6\. br@ barrier and the known rapid elimination

kinetics of this po ole via c. @
p @m o) )

& 2 .0 ©®
N @ Y O
NZE O
Q o, @ K@
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Author(s) Year Study title

Gui, Y.X., 2012 Glyphosate induced cell death through apoptotic and autophagic

Fan, X.N., mechanisms.

Neurotoxicology and teratology

Wang, HM., Volume: not specified (accepted manuscript)

Wang, G., Pages: not specified

Chen, S.D.

Abstract* ©°
Herbicides have been recognized as the main env&@me @D° fac ass g@h human
neurodegenerative disorders such as Parkinson’s dise sg&(PD rev1 S st ed that the
exposure to glyphosate, a widely used herbicide, is sib § s however the
underlying mechanism remains unclear. We inve ted (B 0X1 glyphosate n
differentiated PC12 cells and discovered that it inhib@d v1ab§ty of @ﬁfer ted Péﬂ cells in dose-and
time-dependent manners. Furthermore, the re @ shovs&sd th lypleate %%u ed cell death via

autophagy pathways in addition to activating aj totlc Inter ingly, W&activation of Beclin-1
gene attenuated both apoptosis and autophagy 1 glyplgSate S ed rentjgfed PC12 cells, suggesting
that Beclin-1 gene is involved in the crosstal‘l@tw géihet @) echa@sms. &)

* Quoted from article O
Quot t @ @Q IS @

M@@ER16§S A%%E&}%DSQ
O & &
T@ ite @Gb@sate% &Q

Active@%&n@’ @hosa@@ @@

Sourdof tesigfems: gfigma A@éﬂch@ Louis, MO, USA)
Lo@tch y@@ Not §ﬁ§£01fle@©
ﬁ%@? @specgﬁd
2. Vehicle and/or positive contro ~l SO

1. Test material:

3. Test system / cells: @@Q )
Primary cell culture: Dﬁ%rentiated PC12 cells
Source: t reported

Culture conditions%(}rown in Dulbecco’s Modified Eagle’s Medium (DMEM,
GIBCO) supplemented with 10% fetal bovine serum (FBS,
PAA), 100 U/ml penicillin, and 100 pg/ml Streptomycin
(GIBCO).
All cells were maintained in a humidified 5% CO, containing
atmosphere at 37°C. For transfection experiments, PC12 cells
were plated the day before transfection to achieve ~50%
confluency.

4. Test methods:
Guideline:  Non-guideline assays (for all tests)
GLP: No (for all tests)
Guideline deviations:  Not applicable (for all tests)
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Preparation of test substance:

siRNA mediated silencing of Beclin-1

Conditions:

MTT assay
Conditions:

Dose concentrations:

Exposure duration:

Glyphosate was dissolved in DMSQO as a stock solution at
—20°C and diluted with culture medium to various working
concentrations.

Cells were transfected with Beclin-1 siRNA or scrambled
siRNA (Santa Cruz, CA, USA) using Lipofectamine 2000
reagent according to the manufacturer’s instructions. After 48
h, cells were subjected to various treatments that were not
further specified.

Assessment of cell viability o

PC12 cells after v S trtment vi@gre plaged in Oggpvell

culture plates (1% 0* qeitEper WE). 5 TT&dution was
e

treatments.

added to the cylture me @efoge@

0.5, 10,20, dBmM ho%@
12,24, 4&@211 S ©

Replicates:  Not refideted
i @ &
N
Apoptosis detection °\@ @,& QO
Conditions: @ﬁcle' est ned wi@ AP
@con. nucleégp frag
@terlsm\gs of a i
i parafgritaldehyde for 20 min and then
Qwith afqritaldehyde for 20 d ther
@ gtainedwith D oro@imn away from light at room
b @tem @pture. \’ &@9
Dose co &@w Nq@epor QD @
Exp@ e dur 0%4 48572 h<§
Rﬁ@zicates@ pegx atmef@®
@ O
@ & &
Autophagy de@;tlon o\@ K©

Condlﬂon@ or

punctate analyses experiments, cells were transiently
cted with EGFP empty vector or GFP-LC3 expression
ctor.

Dose concentrations; QNot reported

Exposure duration:

Replicates:

Western blot analysis

Conditions:

Dose concentrations:

Exposure duration:

Not reported
Not reported

Cells after various treatment were lysed in ice-cold RIPA lysis
buffer (1% Triton X100, 0.5% sodium deoxycholate, 0.1%
SDS, 1% NP40, 50 mM TrisHCI, pH 7.4) supplemented with
protease inhibitor cocktail and phenylmethanesulfonyl fluoride
for 30 min, followed by centrifugation at 12,000g for 30 min at
4 °C betore collecting the supernatants.

Not reported
Not reported
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Replicates: 3 per treatment

5. Observations/analyses:
Measurements:  Cell viability, apoptosis and autophagy induction

siRNA mediated silencing of Beclin-1 Microscopy: In order to evaluate the effects of Beclin-1 siRNA
or scrambled siRNA on GFP-L.C3 puncta formation, cells were
cotransfected with GFP-LC3 and either Beclin-1 siRNA or
scrambled siRNA following various treatments and observed
by confocal laser scanning microscopy. The Beclin-1 siRNA
sequence (5'-CAGTTTGGACAATCAATA-3Y) efficiently

targeted.

MTT assay Detection: After D was added to each well to digsdlve the
dark blue crystals (@@ absoghance @0 n@ras igt@preted on
a microplate rea&ﬁ%(Saﬁ@ % 9\9

Apoptosis detection Microscopy: 2@}1 aft sfi Lh@lls subjected to
various treat@ &@pre b ob ep%d un@yr confocal laser
scanning, ggroscofly. In eg ent@% tewer than 200

transfe cells%ere c@@nted. &
Anal% @1 a @081i§ furthd®determined using
FI% t031 tect it according to the
fact ’s re m n 10ns ells were then analyzed by
etry scale to detect apoptosis
@ sm 1ck1 Array

Autophagy detecu@ Mi scom\§4 @g a@%tmn the cells were subjected to
for

g observed under confocal laser

@Q @mu me:
Q &canm&u o@ach experiment, no fewer than 200
b % trans@ted C%S wer&@)unted

°\@@ y ce]l@with at least five dots were scored as GFP-
@ L@% po ercentage of the positive cells was thus
@ @Jeter ed and®xpressed as the mean of four independent

K@y @@@ exp ent. r western blot analyses, LC3-11/ LC3-I ratio
@ T}@@V;ﬂu&te by band density analysis as the marker of cell
oph

Western blot ana Vsm{%al Protein extracts were quantified and equal amounts
@ @_s were resolved by SDS-PAGE, and then transferred
% VDF membrane (Millipore). After blocking with 3%
«%A appropriate primary antibodies and secondary antibodies
% Svere applied. The signals were developed with Immobilon
Western Chemiluminescent HRP Substrate (Millipore). Band
density values of interested bands were normalized to loading
control and quantitative analyses were performed by imagelJ
software (Wayne Rasband, NIH).

Statistics:  Statistical analyses were done by SPSS software using a one-
way ANOVA, followed by a two-tailed Student’s #-test or
multiple comparison test where appropriate. A P < 0.05 was
considered significant for all analyses.
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KLIMISCH EVALUATION
1. Reliability of study: Not reliable
Comment: Documentation insufficient for assessment (not clearly stated

dose levels and duration of exposure, as well as treatment
conditions for all tests. In addition, tested doses were much
higher than real in vivo concentrations)

2. Relevance of study: Not relevant (Due to reliability)

3. Klimisch code: 3

Response - GTF

@

S LD
S
In this paper, the authors apply glyphosate to ena@cer 5 S in%@ur OQ%oncenurations
sufficient to cause cell death. Two major inte@ng ways@adi K%cell th (autolysis and
apoptosis) are evaluated, and the results are@rdly S ris'y&g the ‘;%%ls do @deed die via known
mechanisms leading to cell death. TR authgrSd use Ghese ervaliéms, and the fact that
Parkinson’s disease involves the death -'s\“)- ) ervls 'n@he br@, to try and create a link
between glyphosate and Parkinson’\@diseas& The§are, @weve@)@nany problems with this
extrapolation. R Q@f (@) @ ©)

The cells used are not the neur@@nvo@ in @insc@@ but@]er a cell line derived from an
adrenal gland cancer (pheoch@ocyt@a), a%\he deges use@e very high- the high dose killed
nearly 50% of cells in 72 S, the dosgnWwas Vathis level. The high dose equates to
approximately 1/10 the é@ncentriition af}g@; d;é%y ‘i«{@he field, and 1s far higher than any
mternal glyphosate con trat tha 1d et occu @llowing glyphosate use. A sufficiently
high dose of anyth%@vil%@’ceﬂs Sut ﬂ@oes& mean that everything causes Parkinson’s
disease. A <

There is no evidence typh @J@ e ca.&?@s Paﬂ@@n’s disease. The authors cite two case reports
of Parkinson’s disease?%’iscu @ in tthintrodLg?ion of this neurotoxicity literature review.

o The cited letter bng oeéﬁ. (2%®reports a single patient, a 44 year old woman, who
had worked in a gly@ate roduction unit for three years prior to developing
Parkinson’s. This prm@s no gence for causation whatsoever.

o The cited letter by Barbosa et (2001) is similarly a single case report, in this instance a
54 year old man who ha mal contact with a glyphosate formulation six months prior
to developing Parkinsoi@bdisease.

Unprotected cells in culture are highly susceptible to changes in pH and other non-specific effects,
and it 1s not clear that the researchers assessed or accounted for these possible effects. This being
said, the concentrations of glyphosate used (40 mM) are known to kill other cell types in culture
(Koller et al., 2012; Heu et al., 2012b) via induction of apoptosis. Thus, no particular specificity
or neuronally-specific susceptibility exists for the cell line tested. While 40 mM glyphosate is
toxic to cells in culture, the L.D-50 in rodents is over 5000 mg/kg and C. elegans will have a 25%
survival following exposure to a 10% solution of glyphosate. In-vitro results do not appear to
reflect in vivo events.

Anadon et al. (2009) dosed rates with 400 mg/kg of glyphosate, a massive dose relative to any
environmental exposure, and achieved glyphosate peak modeled plasma concentrations of
approximately 5 ug/ml (5 ppm). Assuming linear kinetics, the current maximum allowable EU
daily intake (0.3 mg/kg/day) would give an approximated blood concentration of (.17 ppm (170
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ppb). This is conservative, as McQueen et al (2012) recently evaluated glyphosate exposure to
pregnant women and concluded that estimated exposures based on actual measurements in food
were only 0.4% of the current European acceptable daily intake.

The lowest glyphosate concentration used in this experiment is SmM (830 ppm), or 5000 times
higher than the estimated blood concentration following the current EU maximum allowable daily
exposure. It 1s also 166 times higher than the concentrations Anadon et al. (2009) achieved using
doses of 400 mg/kg glyphosate. In short, the concentrations used in this work are massively
higher than any concentration is blood (let alone brain tissue) that can be achieved following
normal human exposures.
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3. Literature Review of Carcinogenicity Publications

Over the 40 year product history of glyphosate based herbicides, regulatory expert and other authoritative
review panels have evaluated multiple data sets to evaluated glyphosate safety, including potential for
carcinogenicity. These multiple reviews over the decades have consistently drawn the same conclusion;
glyphosate is not carcinogenic. These conclusions include those of the U.S. Environmental Protection
Agency in 1993 and 1997 (Category E, evidence of non-carcinogenicity for humans -- based on the lack of
convincing evidence of carcinogenicity in adequate studies); the European Commission’s Health and
Consumer Protection Directorate-General in 2002 (no evidence of carcinogenicity); the U.S. Forest
Service (based on standard animal bioassays for carcinogenic activity in vivo, there is no basis for
asserting that glyphosate is likely to pose a substantial risk); Canadian regulators (no evidence that
glyphosate causes cancer); the World Health Organization and Food and Agriculture Organization of the
United Nations in 2004 (long-term studies of toxicity and carcinogenicity were conducted in mice and
rats. In the study of carcinogenicity in mice, no toxic effects w observed at @ to the hlghest ®§e tested
(1000 mg/kg bw per day), and there was no evidence of carc@enlc@)". Q @ 0%@

A number of epidemiology studies over the last decade h@ fo@ on u\b‘) ici @po QC?md associated
health outcomes. Publications vary in the specificity eir g@yiclusips ing p ides in general,
classes of pesticides and in some cases individual jnggCticidé&sy herbigy ungi idss. While some of
these publications specifically mention glyphosat &@W dr tenab ssoc&mons any specific cancer
outcome. Publications suggesting glyphosate is @ 01at §£nc@0utco are discussed below.

@ N
One publication (George et al., 2009) utlllz@a %% mod’@l n rgé to evaluate a glyphosate

formulation for tumor promotion. A ki#igwn ¢ pré&@noter, @2-0 te@ ecanoyl-phorbol-13-acetate
(TPA) was used for a positive co /cong@r tor @ter a tumor initiator, 7, 12-
dimethylbenz[a]anthracene. Proteo were ater &olate a basis for glyphosate
formulation tumor promotion. Thlsmg?/l ussm etail @ow

An essential con31derat10n 1n b Y risk essm%ﬂt and@erpr ‘o&g the relevance of toxicology data is

exposure assessment. 9 ent lev @a con&gdence%xlsts for epidemiological studies where

tenuous links to exposur @gest @asso ons &;-’ een health outcomes and any possible

causative agent are mere ecul nif e osur@ e npiNdentifiable. Pivotal to the understanding of

glyphosate exposure are dat @lls %@y A avel @ al. (2004; 2005), which quantified human
0

systemic glyphosate exposur vels farmdr app &R ors and their families. The geometric mean
systemic dose for farmers applylng omle whom applied glyphosate to areas up to 400 acres,
was 0.0001 mg/kg/day, approxl current EU glyphosate acceptable operator exosure
Level (AOEL). The highest systemic do@ d well above the geometric mean, was 0.004 mg/kg/day,
which 1s 1.95% of current EU glypho AO and 1.3% of the current EU glyphosate attapcable daily
intake (ADI). Not surprisingly, even owe@/stemlc doses were determined for spouses and children,
0.00004 mg/kg and 0.0008 mg/kg, respect«h%ly Interestingly, the current European ADI is based on the
NOAEL (highest dose tested) in an olc§ear rat carcinogenicity study; multiple carcinogenicity studies
have since been conducted by numerous glyphosate registrants demonstrating NOAELSs of at least ten-fold
higher than the highest dose tested in the study driving the current EU ADI calculation.

The largest epidemiological study of pesticide exposure and health outcomes in the United States is the
Agricultural Health Study (AHS), which included glyphosate. Dozens of publications have resulted from
data generated in this study of approximately 57,000 enrolled farmer applicators. Blair et al. (2009)
provided an overview of cancer endpoints associated with different agricultural chemicals reported in
earlier AHS publications. Glyphosate was not reported to be associated with leukemia, melanoma, or
cancers of the prostate, lung, breast, colon or rectum. De Roos et al. (2005) reported AHS data evaluating
glyphosate use and multiple cancer endpoints; no association was noted for glyphosate with all cancers,
including cancer of the lung, oral cavity, colon, rectum, pancreas, kidney, bladder, prostate, melanoma, all
Iymphohematopoietic cancers, non-Hodgkin’s lymphoma (NHL) and leukemia. In an earlier publication
based on another data set, however, De Roos et al., (2003) reported an association between NHL and
glyphosate use. McDuffie et al. (2001) reported a non-significant positive association between self-
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reported glyphosate exposure and NHL in a Canadian study. Blair et al. (2009) did not report an
association between glyphosate use and NHL in the AHS data, but a “possible association” between
glyphosate use and multiple myeloma was mentioned. The AHS publication reporting this refers to a
“suggested association” between glyphosate use and multiple myeloma (De Roos et al., 2005), yet it did
not demonstrate significant increase in relative risk for multiple myeloma. Both De Roos papers will be
discussed in more detail below. Interestingly, a subsequent AHS review paper for the President's Cancer
Panel (Freeman, 2009) specifically references De Roos (2005) as providing no observed incidents of
cancers of any type being associated with glyphosate.

Lee et al. (2005) reported a glyphosate association with gliomas, with the odds ratio differing between
self-respondents (OR = 0.4) and proxy respondents (OR = 3.1). The authors expressed concern that higher
positive associations observed for proxy respondents with glyphosate and several other pesticides, and
suggested perhaps more accurate reporting of proxies for cases, and underreporting by proxies for
controls; proxy respondents were spouses in 62% of cases @sus 45% of controls lendlnbfo lower
reported incidents in the control group. 0%@

The follow epidemiology publications report a lack of as@latl twe§w® P eaflc cancer

hS

types. % ©
@ @ & Q §

e Alavanja et al. (2003) reported on prostate@cer a§§)01 $ w1%pemf§ ticide exposures in

the AHS; glyphosate did not demonstratg@ Sign. ure-r@ponséassociation with
prostate cancer. S @ N @

e Multigener et al, (2008) also reported@ack ssoc&n be@eeosate use and prostate
cancer. This data appears to have beergyeporte@by N(@g et .D 009).

¢ The lack of association between ho @use pro can as also supported recently in
an epidemiology study of Far 1sh Colimbi adady Band et al. (2011).

e Leeetal. (2004) reported a ladK of &%Clﬂtl@ﬁtw &y gly&h&te use and stomach and

esophageal adenocarcino IS @ ~N2

e (Carreon et al. (2005) re ed ep@cmiolggeical @on i@nas and farm pesticide exposure in
women; glyphosate h@g)no as at10

¢ Engel et al. (2005) \)rte @n br@
association betwe&%&:a cancer glyp sate

¢ Flower et al (2004) repags H(galta arenl@use of specific pesticidesa and subsequent
childhood cancer risk a%iong @80 @Q%Ien §th no association between childhood cancer and
glyphosate. \

¢ Andreotti et al. (2009) rep
cancer.

¢ Landgren et al. (2009) reporte@HS @@f’% on monoclonal gammopathy of undetermined
significance (MGUS), showing no agsociation with glyphosate use.

¢ Karunanayake et al. (2011) report@ a lack of association between glyphosate and Hodgkin’s
lymphoma.

e Pahwa et al. (2012) reported a lack of association between glyphosate and multiple myeloma.

an@lnmdence among farmers” wives, with no

data re glyphosate was not associated with pancreatic

In summarizing AHS publications, Weichenthal et al. (2010) noted that increased rates in the following
cancers were not associated with glyphosate use; overall cancer incidence, lung cancer, pancreatic cancer,
colon or rectal cancer, lymphohematopoietic cancers, leukemia, NHL, multiple myeloma, bladder cancer,
prostate cancer, melanoma, kidney cancer, childhood cancer, oral cavity cancers, stomach cancer,
esophagus cancer and thyroid cancer.

Monge et al (2007) investigated associations between parental pesticide exposures and childhood
Leukaemia in Costa Rica. Results are not interpretable for glyphosate as exposure was estimated with
“other pesticides”, including paraquat, chlorothalanil and “others”. No association was noted for paternal
exposures, but elevated leukaemias were associated with maternal exposures to “other pesticides” during
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pregnancy. Similarly, glyphosate is captured under “other pesticides” being associated with NHL by
Fritschi et al. (2005) and therefore should not be interpreted as an association with glyphosate.

Non-Hodgkin’s Lymphoma (NHL)

Non-Hodgkin’s lymphoma 1s not a specific disease, but rather a grouping of all lymphoma types, other
than Hodgkin’s lymphoma. This is a large group of different cancers of the immune system including
Burkitt lymphoma, diffuse large B-cell lymphoma (NLPHL), follicular lymphoma, immunoblastic large
cell lymphoma, precursor B-lymphoblastic lymphoma, mantle cell lymphoma, mycosis fungoides,
anaplastic large cell lymphoma, and precursor T-lymphoblastic lymphoma (National Cancer Institute,
http://cancer.gov/cancertopics/wyntk/non-hodgkin-lymphoma.pdf). Risk factors associated with NHL
include weakened immune system (such as from an inherited condition or certain drugs used after an
organ (transplant), infections (Epstein-Barr virus, EBV; Human immunodeficiency virus, HIV;
Helicobacter pylori bacteria; Human T-cell leukemia/lympho irus, HTLV-1; Hepatitis C @ﬁs; age).
There are many different types of Non-Hodgkin’s lymphon@s, wh@‘i ar erent@ymp as arising
from different pathogeneses, and as such, should not be ster@iﬁo@ as a@lngl Qisease with a

common etiology for epidemiological investigation. Wh@v clu togather iB\ ydemid¥ogical studies,

further investigation to identify both the specific t}&@of 1 0m© d al}%s undgalying risk factors

associated with individual reports of HNL is necessarg, é S N Q&

S

S &
X
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Author(s) Year Study title
Hardell, L. 1999 A Case-Control Study of Non-Hodgkin Lymphoma and Exposure
Eriksson, M. to Pesticides.

Cancer

Volume: 85

Number: 6

Pages: 1353-1360

Abstract®

countries during the last few decades. Immunodefective cond ns are estab@hed risk, factor$DIn 1981
the authors reported an increased risk for NHL following eg%% rtal stlcld@ Thexttrent study
xya

BACKGROUND. The incidence of non-Hodgkin lymphoma (NHL) has increased in m EWestern
was designed to further elucidate the importance of c ac@ and er p@mdes in the

etiology of NHL.

METHODS. A population-based case—control study @@ﬁor and @1ddl S%ede compassing 442
cases and twice as many controls was performed @xposur® data Gere a@ertam@by comprehensive
questionnaires, and the questionnaires were supple@ented b%tele e inkgviewsgntotal, 404 cases and

741 controls answered the questionnaire. Uni-v@[e aré%ulti- iate lyses S Were performed with the
SAS statistical data program. @ é\? RN @

RESULTS. Increased risk for NHL was fo"m% for Jects@(posed@) herdes (odds ratio [OR], 1.6;
95% confidence interval [CI], 1.0 -2.5) fung' es (O 3.7, @0/ C @ 1-13.0). Among herbicides,
the phenoxyacetic acids dominated (OR g} @@—2 4y & subclassified, one of these, 4-
chloro-2-methyl phenoxyacetic acid @SPA) me (%t to ke 31gn tly associated with NHL (OR,
2.7, 95% CI, 1.0-6.9). For several @tego &S of hepbieidesQt w ted that only exposure during the
most recent decades before diagn HL w soc 1 increased risk of NHL. Exposure to
impregnating agents and insectigiyes wa% mo only ly r@ted to NHL.

CONCLUSIONS. Exposure herbieiyes itptal, udm@ henoxyacetic acids, during the decades
before NHL diagnosis resu@ln 1 sed E3K for @s the risk following exposure was related to

\D

the latency period. Fungie/{vsge when combined, but this group consisted of

als o increa @ e ri®for
several different agents, and fe]e ere g@osed ® ach type of fungicide.
* Quoted from article @’ @
@ &

N
QMATE@IALS@ND METHODS
S @
RN
A%nous herbicides, insecticides, fungicides, impregnating
gents organic solvents
%Glyphosate phenoxyacetic acid, MCPA, 2.4-D, 2.4,5-T, DDT,
Active substance(s): Pyrethrins, mercurial seed dressing, chlorophenols,
pentachlorophenol, arsenic, creosote

1. Test material:

Test item:

Description:  Not reported
Source of test medium: Not reported
Lot/Batch#: Not reported
Purity:  Not reported
2. Vehicle and/or positive control: Not applicable
3. Test group:

Species: Human
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Age of test persons:  >25
Sex: Males
4. Test system:

Study type: A Case-Control Study of Non-Hodgkin Lymphoma and
Exposure to Pesticides

Guideline: None
GLP: No
Guideline deviations:  Not applicable
Collection of data:  Questionnaire

Total No. of cases analysed: 442

Total No. of controls: 741 @ . @ = @bo
No. of exposed cases to glyphosate: 4 §§> Q%\?\?@ Q @ X
No. of controls for glyphosate 3 [ ©@ \6 o@ °\©
: . @ S & X
5. Observations/analyses: KN o

Working history:  All sub] @\9@»
Additional information: SMOKi ablt@evm@dlse@s, and\@rtain food habits

wereds s v\@ &
Detailed assessment of exposure:  %.¢@p and & Al nugdber of %S for @posure to various
esticide§@ere ssedxor all cts.
Parameters determined: @umo duc n peri tlm@ m first exposure to
HOsI1S), b@e span@’me fi last exposure to diagnosis).
©§ N@ witlrdiffergitpathoggyieses were not distinguished.
Statilscs: dm@@ logl@ regrdysion analysis for matched studies
©© %vas pe%ﬁie)rmed&w\ith @AS statistical program. Thereby, odds
% rati @OR) a%l 959%<confidence intervals (95% CI) were
\ g ob@ned 959%&s were rounded outward, e.g., a 95% CI of
97— 4.§571s written 1.0 —4.6. Both uni-variate and multi-
@ Qariat analys€swere performed. When exposure to different
&?\@9 @@ pesticides (J© alyzed, subjects with no pesticide exposure
& g

takel&as unexposed.
Q
\ >
1@% EVALUATION
E N
1. Reliability of study: @t reliable

Commen% tudy prone to selection and recall bias. No evidence of
relevant glyphosate exposures. Medical history was assessed,
but not reported.

2. Relevance of study: Not relevant (Exposure to multiple chemicals and though
elyphosate exposure data were convincing (7/1145 subjects)
and statistically non-significant positive associations reported.

3. Klimisch code: 3

Response 1 — Review by Mark R. Cullen, MD, Professor of Medicine and Epidemiology, Yale
University School of Medicine, June 21 1999

This study 1s part of an ongoing effort of the investigators and their team to unravel the cause(s) of NHL,
which has been increasing in incidence in Sweden and most developed countries for at least 2 decades.
The premise, that the increase suggests an environmental cause or causes, is certainly correct.
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The basic approach, the case control study using the superb existing tumor and population registries of
Sweden, is appropriate to this challenge, and the investigators seem to have a clear grasp of the basic
approach to such studies. Inclusion criteria for cases appear well considered, and the ability to recruit
almost all is a strong plus for the study. The criteria for including controls, including the matching on vital
status for comparability of information regarding past exposures is laudable, though, as discussed below,
possibly unsuccessful despite careful consideration. The response of the subjects is encouragingly high.

Unfortunately the approach to exposure assessment for agricultural chemicals is very problematic. First, as
I believe the data themselves ultimately demonstrate, it is not at all clear that even living subjects, let alone
relatives of dead ones, can meaningfully assess or quantify exposure to herbicides and pesticides. It
appears from the small number of phone interviews conducted (itself a problem, see below) that almost
every subject provides different information or expanded information when directly contacted by phone. It
is not at all obvious that the respondents can easily evaluate thgitexposures, w ich n many ca@%mount
to an occasional use of a product many years before the SQrvey, @t isy that surrogate
measure of dose, i.e., days of use, is meaningful, especiall 'ven°@ ble ere hich exists
in actual biological exposure depending on how the pro@cts sed,@ was not even
attempted here. In other words, the first problem is the @ree t@hic@ stud}class&lSl subjects in any
biologically relevant way, or validly. . @ @ \

As if this were not problematic enough, there 1@ 1de w1th Qle st@/ resﬁ“s@to suggest significant

information or recall bias. When they were co%tacte uous@r missing information, a

high proportion, possibly all subjects report Pposig § ex@sure { is unclear from the report

Just how many such were contacted overah, but pearsChat H@t wergyontacted to confirm positive

gatlv@l toriey wer Qrore ®ly unreliable. 1T would worry

seas Lhtus e%fl if 0 e u]@erlylng hypothesis here, might be

ese%g e rec is likely more subtle than recall of

major industrial chemicals which 1ikely wou unfordettable) daily work exposures, unlike

the chemical use with doses a ing ut a e a@ s would have done well to interview
everybody given this sparenes%@ d th% 1qu1§£éf reca?B%blas idSuch studies.

histories, despite the evidence that the
greatly that cases, clearly aware of thei
more thorough in their recollection

exposed to one agricultural chentdal h ®a no, ndepeident (true) chance of exposure to another, and
that recollection of one is likelo intggact witfvrecollggtion of others. The data presented are consistent
with this, though the actual degree @over %lng eposures in the data are not fully disclosed. In any
event, the effort to tease them ap e\lngr@ ti-vi e regression unlikely gets at the fundamental issue,
which is that information is hopelessly c@ ven if one were not concerned about the other issues
vitiating the exposure assessment, ttem@ to dlstlngulsh one exposure from another within the
herbicide category is, in my view, fatdous, @)ugh the investigators have drawn some rather sweeping
inferences from it, and from the latency an&@s which I believe suffers from the same recall issues.

8)
The third problem with /@? expo&e ass&men(}eigﬁ co-linearity. For obvious reasons people

One final comment, which I fear may b%ay a range of the authors preconceived ideas, is the inclusion of
glyphosate in the uni-variate and multi-variate analyses, despite the fact that only 7 of 1145 subjects in
the study gave exposure histories to this agent, and for a mean duration of what appears to be a few days!
Since there 1s zero possibility that exposure to glyphosate could explain the Swedish excess of NHL which
is the premise of the study, and since it is biologically absurd to imagine a few days exposure to virtually
any short lived compound, let alone one with so little oncogenic potential based on its toxicologic profile,
the inclusion of these data and the highlighting of them in the discussion - with a very biased review of the
tox literature-- undermines even further the report.

In the end I think this study adds little to our overall knowledge of the cause(s) of NHL, though it
continues to appear that farmers have increased risk, certainly an important clue for follow-up. However,
it is unlikely that the roles of infection, other biological factors, UV light, diet and lifestyle issues or
agricultural chemicals will be successtully unraveled by studies of this design. In particular, the evidence
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regarding glyphosate in relation to NHL is meaningless, and it would be highly inappropriate to construe
this as a positive study in that regard.

Response 2 — Review by Hans-Olav Adami, Professor of Epidemiology, Harvard School of Public
Health and Dimitrios Trichopoulos, Vincent L. Gregory Professor of Cancer Prevention,
Department of Epidemiology, Harvard School of Public Health.

We have classified our comments into those concerning study design and those concerning data analysis
and interpretation, and we have concluded our evaluation with a short commentary and overall
assessment.

Study design

@

The study base comprises men 25 years of age or older an @ng i Len ish ¢&nties from
January 1, 1987 to December 31, 1990. The cases were ded &%@rdl \Q theigwita Qatls at a time
when the actual data collection took place. Of the 442 c@s ere @1 X of vital status
ascertainment is not clearly indicated, as it should h &been. @n everv ata collected from
1993 to 1995, we assume that vital status was determ@d in 3 or @ 1er. \
< % .
The authors state that they have conducted a po@tlon E’a)s y, bu ey h’@ chosen their controls
in a way that violates the defining characteristi€s of ng fiégn the population register
took place sometime after 1990, so that peo&@vho mlg d out® after the diagnosis of the
corresponding case would have been incorxggtly 1 ible,@yhere ose had migrated into the area
after the diagnosis of the corresponding gase wo avecheen infdrrect thlble Migration is generally
related to socio-economic status, whichNs a p {Sible ﬁ@%ﬂlct% exp&e to pesticides. Thus, important
bias may have been introduced. @ & @ S

There are other issues that sho@ave @en ad(%ssed \he ﬁ design. Is it really possible to blind
C t P

interviewers as to the case or v1ew erson, so as to minimize interviewer-
related information bias? Pﬂg @’assm@ce Qere the substantial difference in response
proportion between cases con did 1ntr@ 1 iewee-related selection bias? It is certainly
disturbing that all 17 reported odd? rati @Tab]@l of uthors) were higher than the null value of 1,
even though only marginallyﬁﬁ resuT%@ werg geported. It is also astonishing that there is no
category of missing or unknown in a@ of Svable sgeven though about half of the exposure information
was provided by proxy responder gﬁ)rm&@n was concerning compounds as complicated as 2.4-
D/2.4,5-trichlorophenoxyacetic a01d

@

Analysis % §>

The analysis is in many ways superfici d shows a surprising disregard to confounding. The authors
appear so eager to report significant resilts, that when multi-variate analysis, that is the proper analysis,
reduces all reported odds ratios to essentially non-significant values (table 7), they make the amazing
statement that “regarding lymphomagenesis, the uni-variate analysis may be more informative than the
multi-variate analysis”. Moreover, they pay little attention to the multiplicity of comparisons and they
attempt causal inferences with unacceptable disregard of the statistical limitations of their study. For
example, for glyphosate, the p value is no less than 0.35 and for phenoxyacetic acids the multi-variate
odds ratio has a p value of 0.25.

There are several other issues in the analysis. Although most of them are trivial, one deserves more
attention. Non-Hodgkin lymphoma has been reported to be more common in some rural occupations.
Exposure to pesticides is a possible explanation, but there are other plausible explanations, including
exposure to infectious agents of animal origin and delayed establishment of herd immunity with
concomitant increase in the average age at exposure to possible critical agents (the classical paradigm of
paralytic polio has been invoked by several investigators in the study of the etiology of multiple sclerosis,
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leukemias and lymphomas). In the latter two instances, occupation should be adjusted for in the analysis,
in order to control for confounding.

Conclusion

This is a study that has limited power, was inadequately designed, poorly analysed and confusingly
reported. Every epidemiological investigation should meet basic standards concerning selection bias,
information bias, confounding and power. The investigation by Hardell and Eriksson does not provide
reasonable confidence that it is free of information and selection bias, shows clear signs of uncontrolled
confounding and lacks the power necessary to document agent-specific effects when several agents are
inter-correlated, as they are in this situation. There is also evidence that the results were selectively
interpreted by the investigators. For these reasons, the study cannot provide reliable information
concerning possible associations between exposures to pesticides and risk for non-Hodgkin lymphoma
<

Response 3 — Monsanto Review by John Acquavella, PhD, @d Do@% Fr, J & QQ@
D
\ 9
Executive Summary 9 & O
@b Q& &

A\ N O .
Hardell and Erikkson conducted a case control studg@o loo@)r ass@glati betw@ reported pesticide

use and non-Hodgkin’s lymphoma (NHL). The @ly in ded NH& cases 741 controls. The
measure of association in this study was the 0 rati statls@ that ss, mates of the ratio of
disease rates (in this case NHL rates) for expose and pos@popu

O

The authors reported statistically slgnlflcam@sso § foHL '@h rep@@i%d use of any herbicide (OR

= 1.6), reported use of any fungicide (O @@ed us @0 -2-methylphenoxyacetic acid
(OR = 2.7). The major limitations &fdy weg liang®yon reported pesticide use (not
documented exposure) information, smgl S wh@eported use of specific pesticides,
the possibility of recall bias, the rel@nce on ( f-kin interviews) for approximately

43% of the pesticide use infor n, apgdthe dlﬁﬁ’culty jis congdfing for potential confounding factors,
given the small number of exp%s subg% S. @ %

The authors also reporte@%ﬁodery ele@ed f or glyphosate. This OR was not statistically
significant and was based on onl§Zfour 0S¢ cases andl three “exposed” controls. This finding needs
to be evaluated in light of meﬁtat' of tﬁ%stud@ entioned above, and the wealth of toxicologic
information that has resulted in glypli@sate b@’g Judged to be non-mutagenic and noncarcinogenic by the
U.S. Environmental Protection A@ncy a;%h e Id Health Organization. Systematic error or chance
seem the most likely explanations for the@n 'ng@reported for glyphosate in this study.

Hardell and Eriksson' conducted an e%idem@ogic study to look for associations between self-reported
pesticide use and non-Hodgkin’s lymphom%(hereafter NHL). The rationale for conducting this research
was previous studies by the first auth and by investigators at the U.S. National Cancer Institute®’,
which found associations between reported use of phenoxyacetic acids (primarily 2,4-D) and NHL. The
results of these studies were determined to be inconclusive by a special Science Advisory Panel convened
in the early 1990s by the U.S. Environmental Protection Agency (EPA).°

The present study presents new data about phenoxyacetic acids and other commonly used pesticides.
Herein, we review the methods and results of this recent study.

Study design

Hardell and Eriksson employed a case control design for their research. In case control studies, subjects
are selected on the basis of their disease status. Those with the disease of interest (in this case those with
NHL) are the cases; disease free study participants are the controls. Information about presumptive
etiologic factors are collected from cases and controls using similar methodology.
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The controls in a case control study provide an estimate of the exposure prevalence (in this case the
prevalence of self-reported pesticide use) in the base population that gave rise to the cases and controls’.
The exposure odds for the cases is then compared to the exposure odds for the controls. The resulting ratio
of exposure odds - called the odds ratio (OR) - estimates the ratio of disease rates for exposed versus
unexposed subjects®. The ratio of disease rates is the fundamental measure of association in epidemiologic
studies.

The interpretation of the OR is straightforward. An OR of 1.0 implies that the disease rate (in this case the
rate of NHL) is the same for exposed members of the base population and for unexposed members and
indicates no association between exposure and disease. An OR greater than 1.0 or less than 1.0 implies
that the disease rate 1s different for the exposed population than for the unexposed population and, if valid,
may indicate an exposure disease relationship. Exposure disease relationships can be “positive” (viz. the
OR 1is greater than 1.0) - where exposure is associated with increased rates of disease - or inverse (viz. the
OR 1s less than 1.0) - where exposure is associated with decre rates of disgase (viz. exposu@f)revents
disease). For example, an OR of 2.0 is consistent with a disef& rate @ﬁonose 101 @at is twice

a dease for exposed
S &
S N

0
Interpreting ORs at face value requires the assum@p@%n tha@ere 150 ¢ oundl%ﬁor other bias in a

study. Much of the evaluation of epidemiologic sg@s hll%s on ther@ere ar cernible sources of
bias or potential for bias, which, if present, comy validity of fi@lihgs. @en it 1s not possible to
pinpoint specitic sources of bias, but methodoldgic 1 atlo@ean uesl@ly bé;%)dentified and the results

the disease rate for unexposed persons; likewise, an OR of is cG%’xsten
persons that is half the disease rate for unexposed person %

interpreted accordingly. o\@ & @ Q %

A major validity concern in case contro udles @@Qecal@las is w@?cases or their next-of-kin are
more likely to recall (real or imagined)specifs <<e\xposm*e th con@pls. This can result in differential
exposure misclassification whereby @ oreely e cla@fled as exposed than are controls,
despite no real difference in expo@e prev encegk ecall %ﬂtlculaﬂy an issue in cancer studies;
cancer being a disease that sti specﬁt\)n aboﬁ% pres tive causes. Other important validity
concerns are selection bias (C ses s as%electe& are unrepresentative) or uncontrolled

confounding factors. Propeﬁort wf an @Henﬂ@lc S requires consideration of potential biases
and their likely impact on& res @

Finally, findings are also evala@d ace%gh [k 'ly they are to have occurred by chance alone if
there is not, in fact, a true relatlon@ tw%% expggure and disease. This is evaluated by calculating a
probability (called a p-value) for @ ¢ res@s atd¢adt as extreme as those observed if the null hypothesis
of no true effect is true. By conventionyQy ngs where the p value is less than 0.05 are considered

“statistically significant.” Hardell and%%kk g:i not actually calculate p values in their study. Instead,
they calculated 95% confidence intervats for 2 OR. The 95% CI is defined as the range of values that are
consistent with the data observed in a studyyith 95% confidence. For example, a CI of 0.4 to 13.0 means
the data are consistent with an OR as lo 4 (implying a 60% reduced rate with exposure) or as high as
13.0 (implying a 13-fold elevated rate with exposure). A finding is statistically significant when the OR of
1.0 is not included in the 95% CI.

Study subjects

The study included 404 NHL cases, diagnosed during the period 1987-1990, from the four most northern
counties of Sweden. These cases (or their next-of-kin when cases were deceased) and 741 controls (or
their next-of-kin when controls were deceased) were sent a mailed 18 page questionnaire that addressed a
variety of (self-reported, viz. undocumented) factors including pesticide use, work history and chemical
exposures, smoking habits, previous diseases, and certain dietary habits.

Controls were selected to be similar to cases in terms of age and vital status (i.e. living cases were
matched to living controls and deceased cases were matched to deceased controls). Matching subjects on
vital status was intended to minimize recall bias to the extent that the fact of death, but not death from a
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specific cause, might affect recollections of pesticide use. Approximately 43% of cases were deceased,
hence next-of-kin information a significant component of this study.

Exposure Assessment

There was no exposure assessment, per se, in this study. Exposure was presumed based on reported use of
specific pesticides. This can be an inaccurate indicator of exposure for two reasons: 1) inaccurate recall or
2) negligible exposure from use. An example of the latter would be glyphosate which has very low skin
penetrability’, so reported use is not equivalent to (meaningful) exposure. A recent study of forestry
sprayers by Lavy et al. found indications of significant dermal exposure, but no indication, based on
biomonitoring, of an absorbed dose of glyphosate.10

Statistical analysis

<
The data analysis involved standard techniques to estimate ﬂ%@ﬁ ar@(fon @bsense for
coincident pesticide exposures as potential confounding fa g 1ca1 te@imq cluded uni-
variate and multi-variate logistic regression analysis. m@ aﬁrlm ed to a crude
dichotomous classification of reported pesticide use § er usQ ersygyHever &e) T e were too few
“exposed” subjects to conduct dose response analgggs for@ost s@aﬁc\ emic The authors also

estimated 95% Cls as a measure of the statistical @blht}%f the g& & %
@ @ @ 0\
Results & @ ?&9@ &)
o\@ & @ @ @

The authors found modest, though statistically mg@ant @socm s bet@en NHL and reported use of
any herbicide (OR =1.6,95% CI 1.0-2.5 porte ¢ QfGgy fu@lde =3.7,95%

CI 1.1-13.0) and reported use of 4- %0 2@@1 PREnoxy Akt (MCPA) (OR = 2.7, 95% CI
1.07.0). Y %

Through various analyses, the al@ors c&lud@@ atoc@/ ure in the two decades preceding
diagnosis was associated with 1@3%

0 &@
The authors also reported f1 @ of were statistically significant. The overall
OR for glyphosate was 5% 0.4-13 on ‘\ es (1% of cases) and 3 controls (0.4% of

controls) reporting glyphosate $@ The 0rs@so me -?5 oned an additional analysis where glyphosate
and phenoxyacetic acids were de ointlyn atteggpt to control for confounding from phenoxyacetic
acids on the glyphosate/NHL associd@on. h@’lis ingance, the OR for glyphosate was 5.8 (95% CI 0.6-
54.0) and the OR for phenoxyace@ acids @s 1.4&@5% (I 0.8-2.2). The description of this analysis was
insufficient to know what the authors ac did or even to know the number of cases who reported using
glyphosate. But it was clear that thefe¥was @y systematic attempt to assess the association between
glyphosate and NHL while controlling for exp‘b\bures other than phenoxyacetic acids.

Authors’ conclusions §

The authors interpreted their results as supportive of a role for chemical pesticides in the etiology of NHL.
They speculated, since NHL is known to be related to immunosuppression from studies of transplant
patients'’, that phenoxyacetic acids might produce NHL by an immunosuppressive mechanism. In fact,
they interpreted selected papers from the literature as supportive of an immunotoxic effect for
phenoxyacetic acids and chlorophenols.'*"**

The authors reached less definite conclusions about other pesticides and specifically about glyphosate.
They noted the elevated OR for glyphosate, an elevated OR for glyphosate from another study of theirs'’
concerning hairy cell leukemia (OR = 3.1, 95% CI 0.8-12.0, based on 4 cases who reported use of
glyphosate), and selected toxicologic data'®?*! as indicative that glyphosate is, at least, deserving of further
epidemiologic study.
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The authors considered several potential biases in interpreting their results. They ruled out selection bias
by arguing that they had good response rates from cases and controls and included most cases who were
diagnosed during the study period. They felt they minimized recall bias by matching cases and controls on
vital status and collecting information from all study subjects using similar (blinded) methodology.

Critique

This study has several important limitations: no exposure assessment, dependence on next-of-kin’s
recollections of study subjects’ pesticide use for approximately 43% of study subjects, potential recall
bias, and the very small number of subjects who reported using specific herbicides. The latter leads to
findings that are statistically imprecise. Due to the potential for bias and the statistical imprecision, the
results of this study are not convincing.

In epidemiologic studies results can be: @

e real (viz. disease is due to exposure) ©©

¢ Dbiased (viz. the results are invalid) b % ©\ K

e due to chance (viz. the association is unbiased@&@f no§@usal)@§>
It is by exclusion of the latter two possibilities an@licaﬁ&p of rally@%ceptq%%teria for causality™
that scientists come to believe that an exposure @seasegssociaigh is al. Tis most important causal
criteria are strength of association (judged by _the size@f the GR), d espof®@ (judged by whether the
OR increases or decreases with increasing surgptempa@lity (exposurgshould precede the onset of

disease by an appropriate induction/lateilgﬁriod)‘;@msist@by of @ndin @ross studies, and biological

plausibility. I'll return to each of these cgiria s@q@ .
¢ &

The major potential sources of biagJp th@%y %%’recaﬂé%fas, c@ounding bias, and selection bias.

Recall bias is a major concern 1 @gﬁ cer case ¢ 1 st bg@e cancer cases, and especially their
next-of-kin, tend to scrutinize @u liveﬁpin to undeﬁtand @ cause(s) of their disease. Hardell and
Eriksson’s matching of study@u b j@i@‘ vit&i@tatu es ddress the specific recall bias issue for
cancers. Other investigator@we f elev, @) thegaopular herbicide 2,4-D based on next-of-kin
responses, but not based@ esponsés of direct ifform 3 Results based on a substantial number of
next-of-kin respondents are u co ered@ss p sive than data from actual study subjects. It
would have been informative™had Haggiell rikk@on analyzed their data separately for next-of-kin

respondents to see whether the ele@d OR®were Qetermined primarily by next-of-kin responses. That
would be difficult in the present stdy due@he lftted number of cases who reported using most specitic

pesticides. NS
N

A second important limitation of the study \& the inability to control for potential confounding factors.
Confounding refers to finding spurious osure-disease associations resulting from other correlated
tactors. The confounding factor must a@g be a risk factor for the disease in question. Relatively little is
known about the etiology of NHL, other’than there seems to be a relationship with immunosuppression.™
It is difficult to control for confounding factors when little is known about etiologic factors. In addition, in
light of the high correlation between reported use of various pesticides, it is difficult in such a study, given
the small number of exposed subjects, to separate the putative effects of one pesticide from another.
Therefore, associations reported for any specific pesticide might be due to effects from other pesticides.

The final source of bias to be considered is selection bias. There is no way to know whether the cases or
controls who participated in the study were a biased sample, but the relatively high participation rates for
cases and controls would make selection bias a less likely explanation for the findings in this study.

Specific results in an epidemiology study can be due to chance, especially when many statistical
associations have been evaluated. The convention is that a p value of 0.05 or less is considered unlikely to
have occurred by chance and is therefore “statistically significant.” The p values for the glyphosate
findings are well in excess of .05, approximately (.30 or greater by my estimation, so neither of the
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elevated ORs for glyphosate are close to the conventional criterion for statistical significance. They could
easily be chance findings. It is noteworthy that if even one exposed case was misclassified, the OR would
be approximately 1.8 (95% CI 0.6-9.9, p value 0.43); two misclassified exposed cases would give an OR
of 1.2 (95% CI 0-6.2, p value 0.99). Hence, the elevated OR for glyphosate hinges on the classification of
a single case or two and an exposure assessment methodology of questionable accuracy.

It is helpful at this point to assess how the findings in the present study for glyphosate (and for most of the
other herbicides) match up with the causal criteria generally accepted by epidemiologists.
Specifically:

e strength of association - the findings of the present study show a weak to moderate non significant
association between glyphosate use and NHL. The association is statistically imprecise and, even
assuming an absence of bias, is not convincing.

e temporality - in this study, the presumed exposures would precede disease onset satisfying, in
general, the temporality criterion. However, the autho@id not have gnough e{gposed@f)jects to
consider issues of disease induction/latency as they &) to @or m@é &@etig

¢ dose response - there was insufficient data in this st y to %slde@ose Ie nseé@o, in light of
glyphosate’s very low skin penetrability9, one cg Q ues ir@l range of

e exposure occurred among study subjects. N

* consistency - there are no other studies tha¢ J&ve rep@ed an@sso @gon be@%en glyphosate and
NHL.. Hence the consistency criterion can:oé} e )

¢ biological plausibility - Hardell and E act @d th@allabl\glyphosate toxicologic
data as show1ng excess mutations a x@ uf pme ratlo n st s with mouse lymphoma

, excess sister chromatid exdangegpSCE C t s of @giman lymphocytes ,and a
somewhat increased incidence arlot@ cance n genlclty study of mice.21
However, five of the six referen@s citeghttd n% e gl sate% e test material."*"*" In these
studies the test material was s sate @he trigne 1ums@t of osate. Sulfosate has a somewhat

different toxicology profile @1 Hosate. @on@ss 1 is orth pointing out that Hardell and

Erikkson’s assessment o studies is f&shar. rgg@jatory agencies. For example, the U.S.
16-19

Environmental Protectl (@ EP consl%S ouse lymphoma findings™ " to be false
positives due to sul@o@te S a é& ity sate nogihutagenic in this assay when the pH was
adjusted to a phys ica el 0, EI&h erized the sulfosate mouse carcinogenicity

study”' as show .. evidence of (QCIHO%HCIW . at the doses tested” and classified
sulfosate as category Eﬁ@ ev1(@ce fo@rcmc@ icity in humans.”

The one glyphosate toxicology stu '\‘ g‘lted20 Chowe %Jeak positive findings for sister chromatid exchange
i human lymphocytes in v1tro This °s ‘-) dy many llmltatlons and numerous, more specific,
mutagenicity assays have not shown p ve re@ylts for glyphosate Extensive reviews of the available
toxicologic data have been completedgecentiydy the U.S. Environmental Protection Agency”** (EPA)
and the World Health Organization.” Thgs”agencies concluded that glyphosate is not mutagenic or
carcinogenic. EPA classified glyphosat category E.*"** This would argue against the biological
plausibility of the findings reported by ]@H and Erikkson.

In conclusion, the study by Hardell and Eriksson found a modest association between NHL and several
chemical pesticides - most notably for MCPA and the collective group of fungicides. The reported weak to
moderate associations for glyphosate are not statistically significant and could be due to chance or to recall
or confounding bias. It is clear, however, that the widespread use of glyphosate and concerns about
pesticide related health effects for farmers and their families will raise the “index of concern” for
glyphosate in future agricultural epidemiologic studies.
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Abstract®

Increased risk for non-Hodgkin's lymphoma (NHL) following exposure to certain pesticides has
previously been reported. To further elucidate the importance of phenoxyacetic acids and other pesticides
in the etiology of NHL a pooled analysis was performed on two case-control studies, one on NHL and
another on hairy cell leukemia (HCL), a rare subtype of NHL. The studies were population based with
cases identified from cancer registry and controls from population registry. Data assessment was
ascertained by questionnaires supplemented over the telephone by specially trained interviewers. The
pooled analysis of NHL and HCL was based on 515 cases and 1141 controls. Increased risks in uni-variate
analysis were found for subjects exposed to herbicides (OR 1.75, CI 95% 1.26-2.42), insecticides (OR
1.43, CI 95% 1.08-1.87), fungicides (OR 3.11, CI 95% 1.56-6.27) and impregnating agents (OR 1.48, CI
95% 1.11-1.96). Among herbicides, significant associations were found for glyphosate (OR 3.04, CI1 95%
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1.08-8.52) and 4-chloro-2-methyl phenoxyacetic acid (MCPA) (OR 2.62, CI 95% 1.40-4.88). For several
categories of pesticides the highest risk was found for exposure during the latest decades before diagnosis.
However, in multi-variate analyses the only significantly increased risk was for a heterogeneous category
of other herbicides than above.

* Quoted from article

MATERIALS AND METHODS

1. Test material:

Various herbicides, insecticides, fungicides, impregnating

Test item: -
agents, organic solvents

Glyphosate, pheno etic acid, MCPA, 2.4-D, 24,31, DDT,
Active substance(s): Pyrethrins, mercur§

dd @hloroghenols,
pentachlorophe arseméireosé@ % \@

Description: Not reported N °\©

- @
S f test item: Not t @
ource of test item ot repor e @ @@ Q &Q
Lot/Batch #: ¢ . AN Q

Purity: @Q @} °

2. Vehicle and/or positive control: X ?@ @
P § e &
3. Test :
est group % Q © @

(in the following data only presented for gxposuregpid glyghosate @d tot@umber of subjects)
Speci@ Huz@ ?\;\ % N
Age of test per@' éé @ § \Q
s &

©©bex %/Ialeﬁ@ 0&\ S
4. Test system: N, @% @ @§
@udy@e: BN eml@c al s@’y for Non-Hodgkin’s Lymphoma (NHL)
AN @  @ndHairycell Eukemia (HCL)
@ehn@? Non*%@> @Q
N@ &

Guideline dev1<og=ons ot ap}%vhcable
Collection of datay Qu nnaire & telephone interviews

No. of exposed persons with NHL or N@ study: 404
HCL: L study:111

% otal: 515

No. of control persons: NHL study: 404
HCL study:111

Total: 515

No. of persons with NHL or HCL
exposed to glyphosate:

No. of persons in control group: 8
5. Observations/analyses:
Working history:  All subjects

Detailed assessment of exposure:  Years and total number of days for exposure to various
pesticides were assessed for all subjects. For analysis only
subjects with a minimum exposure of 1 working day (8h) and a
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tumour induction period of at least one year were included.

Parameters determined: Tumour induction period (time from first exposure to
diagnosis), time span (time from last exposure to diagnosis).
NHLs with different pathogeneses were not distinguished.

Statistics. Conditional logistic regression analysis for matched studies
was performed with SAS statistical program. Odds ratios and
95% confidence intervals were obtained. Both uni-variate and
multi-variate analyses were done. In the pooled analysis an
adjustment was made for study, study area and vital status.
When risk estimates for different pesticide exposures were
analysed only subjects with no pesticide exposure were taken
as unexposed, whereas subjects exposed to other pesticides

were disregarded. ©°
©@ o @ @ @

NIRRT S

KLIMISCH EVA@ATI B O N
S & L

@ Q

1. Reliability of study: Not rellal@ @ @© Q N

Comment: This p atlo mbigdythe r@§ults O@VO previous studies
by the@uthor, H@ N&@md Erlksson, 1999) and HCL
(NordStrom@ al., on about exposure

dustion, osur@onc&@tlon ,@ well as medical history,

Oz

@f&styl@ctors o S% f prescribed drugs etc).
@ @atlon@ nsuf& nt for assessment.
2. Relevance of study: lev. ﬁDuem reliapity of data set drawn from Hardell

Erik @n 19 N
3. Klimisch code: @Q @ % 0 é}@
& @D *@ D @
N &° Q Q
Response — GTF @ @ @
@ $

¢ This study pools NHL@ fropy the pr@%&o@usl ﬁlewed publication by Hardell and Eriksson
(1999) with HCL data from\ Mprdstr t al. 8). Therefore the responses to Hardell and
Eriksson (1999), the meLh@o ogy, da @ues also apply to the NHL data set used in Hardell
et al. (2002). It is of interest to 1@\& dell was also a coauthor of Nordstrom et al. (1998).

¢ Fach individual study reporte -staigy) cally significant associations between glyphosate and
NHL or HCL. @

e Fach study was based on few expos%l cases, 4 each. The pooled analysis combined these cases.
The uni-variate odds ratio was giplar to those in the two individual studies (OR = 3.04; 95% CI:

1.08-8.52), the multi-variate adjusted odds ratio was attenuated (OR = 1.85; 95% CI: 0.55-6.20)
¢ These data fail to demonstrate convincing evidence for an association between glyphosate and
NHL or HCL..
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Author(s) Year Study title

Fritschi, L. Benke, G. Hughes, | 2005 Occupational exposure to pesticides and risk of non-

A. M. Kricker, A. Turner, J. Hodgkin's lymphoma

Vajdic, C. M. Grulich, A. American Journal of Epidemiology

Milliken, S. Kaldor, J. Volume: 162

Armstrong, B. K. Pages: 849-857

Abstract*

Pesticide exposure may be a risk factor for non-Hodgkin's lynfgoma but it ig;not certaéln @otypes of

pesticides are involved. A population-based case- control " un aken 20 01 using
detailed methods of assessing occupational pesticide e%ﬁsosur sexwith @dﬁm n-Hodgkin's
Iymphoma in two Australian states (n = 694) and contro wer@se alian electoral
rolls. Logistic regression was used to estimate the @ f @n -HoggKin pho assocmted with
exposure to subgroups of pesticides after adjust@nt f age, @x, and residence.
Approximately 10% of cases and controls had 1 te icidggxposuag Sub@%al exposure to any
pesticide was associated with a trebling of the odggn’ q§homa¥odds ratio = 3.09, 95%
confidence interval: 1.42, 6.70). Subjects with su expeslire to atganochBrines, organophosphates,

and "other pesticides" (all other pesticide clug@ herlgy de @d hegh
herbicides had similarly increased risks, @mugh increfde w atlsu@ significant only for "other
pesticides.” None of the exposure metri@ (pro 1tx@el, f enc Quratlon or years of exposure)
were associated with non-Hodgkin's¢@ymph Analyses the sOyjor World Health Organization
subtypes of non-Hodgkin's lymphelpa s %ested strop@r e fe@ for follicular lymphoma. These
increases in risk of non-Hodgkid® lymphoma su@ntl hypccupational pesticide exposure are
. . . n@ R &
consistent with previous work. b @

@
* Quoted from article -9 @b% Qé\? <®Q

1. Test material:

SN

%)

TestQitem gano%hosphates organochlorines, phenoxy herbicides, other
;flerb es, and other pesticides

N
Active substance(@ G@hosate and others
Description: @t reported
Source of test item%ot reported
Lot/Batch #:  Not reported
Purity:  Not reported
2. Vehicle and/or positive control: Not applicable
3. Test group:
Species: Human
Age of test persons:  20-74
Sex: Males and females
4. Test system:

Study type: Occupational exposure study to assess exposure to pesticides
and risk of non-Hodgkin’s lymphoma
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Guideline: Non
GLP: No
Guideline deviations:  Not applicable
Collection of data: Questionnaire

Histopathological confirmation of NHL was done by an
experienced pathologist.

No. of exposed persons with NHL: 694
No. of control persons: 694
Pesticide use frequency: Not reported

5. Observations/analyses:

Working history:  All subjects @ . @ . bo
Detailed assessment of exposure: The questlonnal @clug@ diaryQuith %%ailtime
history of eachyob the @J @ hel ly I more.
Information ned“@ eac \b inclg jobQetle, employer,
industry, stad and fi h ye er of s worked per
day, and°@nber ofday s\y\3 kedm wee
Parameters determined: A pest atrinQwas dopegl(f@r assistance with

expo@% ass@meng@ @ @
Le\els of@%os@e@j@mdﬁ@@@gccormng to time-

ightgdaver: Ii alues

XN
Fr @encyg%f}xpome wa ocated as number of 8-hour days
%ear A was Sleul sing responses (o the task
% ated using responses (o the tas
questi f ngi#h on@equency of exposure were available
:4@subje g were @umed to have been exposed for 2 days

stic @%331 as used to calculate odds ratios (as

@ @& tlmateg%f rejéfive rlsk) for non-Hodgkin’s lymphoma
&) assog@ed wigh) cxposure to any pesticide and exposure to each

@@ pesticide su@%fpe in each amount category (substantial or
N\ ubstantial), with adjustment for age, sex, ethnic origin, and
Q *stte ofhesidence. In addition, logistic regression analyses were
§%arri@out for exposure to any pesticide after restricting the

& sa to males only and after excluding cases that were not on

&: ¢electoral roll.
<

%We also examined the odds of non-Hodgkin’s lymphoma using
the following metrics of exposure to any pesticide: maximum
exposure level (low, medium, high); ever being exposed before
1985 (yes, no); maximum frequency of exposure (0, <4, or >4
days/year); and total number of years exposed (0, <5, or >5
years). For the latter two metrics, 4 days per year and 5 years
were the median frequency and duration, respectively, in
control subjects. All p values were two-sided.



Glyphosate Task Force

May 2012

Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

Page 865 of 1027

1. Reliability of study:

2. Relevance of study:

3. Klimisch code:

KLIMISCH EVALUATION

Not reliable

Comment: No information about exposure duration, used glyphosate
products, exposure duration and application rates.
Documentation is insufficient for assessment.

Not relevant (Multiple pesticide exposures. No definitive
association between NHL and glyphosate can be made.)

3
@O@ obo
SN
o O .6 9
O & O &
¢ @ & 5O
> S & Qs
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Author(s) Year Study title

De Roos, A. J. 2003 Integrative assessment of multiple pesticides as risk factors for
Z‘ahm, S. H. non-Hodgkin's lymphoma among men.

Cantor, K. P. Occupational and Environmental Medicine

Weisenburger, D. D. Volume: 60

Holmes, F. F. Number: 9

Burmeister, L. F. Pages: -E11

Blair, A.

Abstract*

Background: An increased rate of non-Hodgkin's lymphoma (@L) has been epeatedly obser®d among
tarmers, but identification of specific exposures that explain @ obse@;ftlo pro@ dlffl&

. . . \ .
Methods: During the 1980s, the National Cancer Insutut@ond@ ase @rol es of NHL in
i

the midwestern United States. These pooled data were &red 0@ stlcl(fév expogyres in farming as
risk factors for NHL in men. The large sample gz¢ (n @3417@ IOV\% analyQs of 47 pesticides
simultaneously, controlling for potential confound@ by ides {1 e n%@ , and adjusting the
estimates based on a prespecified variance to mal@ em §

Results: Reported use of several 1nd1v1dua§@estlcld%s wa socm@' w1creased NHL incidence,
including organophosphate insecticides sgumap, diaggnon, d fo Fos, insecticides chlordane,
dieldrin, and copper acetoarsenite, andh 01des %lypho@te C$odlum chlorate. A subanalysis
of these "potentially carcinogenic” pes es s ested& osm end®frisk with exposure to increasing

numbers. && § \Q

Q,
Conclusion: Consideration of mylple e@esuxes Qﬁ'lmpoy tin} ately estimating specific effects and
in evaluating realistic exposure S arl%

5
* Quoted from article @ @ ©©

%@@M @@RIA& A <§ETHODS
. Q@ &
1. Test material: Q %) KQ

Test 1tem@arlo@ herbicides, insecticides (in total 47)
Active substance($p Gl@osate and 46 others
Description: %t reported
Source of test ite @Iot reported
Lot/Batch #: Not reported
Purity:  Not reported

%@f

2. Vehicle and/or positive control: Not applicable
3. Test group:
Species: Human
Age of test persons: >21
Sex: Males
4. Test system:

Study type: Epidemiological studies for Non-Hodgkin’s Lymphoma (NHL)
in male farm workers exposed to pesticides
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Guideline:
GLP/ GCP:
Guideline deviations:

Selection of test persons:

Selection of control persons:

Collection of data:

Pooled data from three population based cased control studies
conducted in Nebraska, Iowa and Minesota and Kansas.

None

No

Not applicable
Nebraska:

Persons identified by Nebraska Lymphoma Study Group and
area hospitals (Time of diagnosis: July 1983 — June 1986).

Iowa and Minesota:

Ascertained from records of the Iowa State Health Registry;
Surveillance system of Minnesota hospitals and pathglogy
laboratories (Time C%)@agnosig 19@- 1983), %

Kansas: Q%& Qg@ S @ ﬁ’\y
A random sa of ca@’@} fro e sga 1de e@er registry

run by the Us@yersit @u\(\’ Kan@ Can at \- vice (Time of
diagnosis: @7 &A.

Rando eogr 1ca1 s as thQases Frequency
matchgglto ca sex al status at the time
of 1n$rv1ew

Q&@tlo e / In@v

ie
(in the following data only presented for Kﬁsur gly%osate é tota@mber of subjects)

No. of exposed persons with NH @870 N

No. of control persalys:
No. of persons with NHL CL
exposed to gl sat%@ @

No. of persons in cm@l gro @ 61@ @Q @@

Pestlcldwﬁ&req@

5. Observations/analyses:

@
= K&\\Q

%@;@é}@?
) &

><(§0 pe@rwl@

@©©
@%

Working hlst(@ A@ubj e C&Q

Detailed assessment of ex@ure «Lars &@otal number of days for exposure to various

Qpdstigisles were assessed for all subjects. For analysis only

@@@ sugts with a minimum exposure of 1 working day (8h) and a

tuihdur induction period of at least one year were included. No
@;lysis of actual exposure duration or frequency was included.

Parameters determlned% umour induction period (time from first exposure to

Analyses and statistics:

diagnosis), time span (time from last exposure to diagnosis)
Standard logistic regression (maximum likelihood estimation);

Hierarchical regression, calculating odds ratios to estimate the
relative risk associated with each pesticide

Models included variables for age (coded as a quadratic spline
variable with one knot at 50 years) and indicator variables for
study site

Other factors known or suspected to be associated with

NHL, including first degree relative with haematopoietic
cancer, education, and smoking, were evaluated and found not
to be important confounders of the associations between NHL
and pesticides
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Conditional logistic regression analysis for matched studies
was performed with SAS statistical program. Odds ratios and
95% confidence intervals were obtained. Both uni-variate and
multi-variate analyses were done. In the pooled analysis an
adjustment was made for study, study area and vital status.
When risk estimates for different pesticide exposures were
analysed only subjects with no pesticide exposure were taken
as unexposed, whereas subjects exposed to other pesticides
were disregarded.

The standard logistic regression models did not assume any
prior distribution of pesticide effects, in contrast to the
hierarchical regression modelling

S @ o

KLIMISCH EVAL%@IO@@ Q é@ 22
i o \b ) ‘\@
1. Reliability of study: Not reliable @ &
Comment:  No useful ¢ orma‘@n abo@@xp e dur; n exposure
concenu&%n a edlc histor style factors (e.g.

smok seo escr eported. Specific
lymp mas t1f1 HL @ptures all types of

ly hom Hod@n sl %homa) Documentation is
m§ufflc o as@@mate @posur@%’lth specitic NHL diseases.

2. Relevance of study: ar‘;go rep@oﬂ @fylng various types of

L udbrella; no definite association

er
Q@ een Klelc ‘%_ d&@es and glyphosate can be made)

. ©)
3. Klimisch code: & s
©© @Z} % &@}

Response — GTF % %
¢ The authors poolﬁta fr‘q E'ree @se CO@@ stu@ conducted in Iowa and Minnesota,
Nebraska, and K
¢ The data available in tudy @ not ‘p@mt @yses of duration or frequency of use.
No consideration of types of of yln ogeneses was presented.
¢ The reported logistic regr Sion anay § a statistically significant odds ratio for ever use of
glyphosate and NHL (OR =2.1; CI —4.0).
¢ The reported hierarchical regrespon dig ?n find a statistically significant odds ratio for ever use
of glyphosate and NHL (OR % I; 9% CL 1.1-4.0) (OR = 1.6; 95% CI: 0.9-2.8).
¢ Authors introduce the phraseology%pos&ble increase” in NHL incidence establishing their
criteria for this category as OR % and lower confidence limit >0.8.
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Author(s) Year Study title
De Roos, A.J. 2005 Cancer Incidence among Glyphosate-Exposed Pesticide Applicators
Blair, A. in the Agricultural Health Study
Rusiecki, J.A. Environmental Health Perspectives

) Volume: 113
Hoppin, J.A. Number: 1
Svec, M. Pages: 49-54
Dosemeci, M.
Sandler, D.P.
Alavanja, M.C.
Abstract* Q@ © & @@"

strac -
AN

Glyphosate is a broad-spectrum herbicide that is one e fre 1ed S Sticides in the
world. Although there has been little consistent eviden¢@of g oxiciyor c noge ty from in vitro

and animal studies, a few epidemiologic reports hay dlca pote e@n effe of glyphosate. We
evaluated associations between glyphosate exposur@nd ca%er incidence ip the A ltural Health Study
(AHS), a prospective cohort study of 57,311 Ii sed pedidide llcaé and North Carolina.
Detailed information on pesticide use and g’@ tors S ined &om a self-administered
questionnaire completed at time of enrolmen@d19934997). ong@lvate @d commercial applicators,
75.5% reported having ever used glyphosate, of ch \@t @n this analysis, glyphosate
exposure was defined as @) ever pergdaally @ ed_ey apph@ pro ts containing glyphosate; b)
cumulative lifetime days of use, or &ggmulg for expure dags” ( s of use x days/year); and ¢)
intensity-weighted cumulative exposure dayg(yea (\a w da ear x estimated intensity level).
Poisson regression was used to estif@gite exposure ~@spons, atlo etween glyphosate and incidence of
all cancers combined and 12 relagfQely c on cancer sd&yp yphosate exposure was not associated
with cancer incidence overall owi st e c er sukl@es we studied. There was a suggested
association with multiple m; a @ nce@at S be fowed up as more cases occur in the AHS.
Given the widespread us glyp ses e AHS will allow further examination of

long-term health effects, in ud@ess c@n ncers

* Quoted from article (@9 %
€ &

¥ 8
%A&@EIA@ AND METHODS
Y &

)
1. Test material: >
Test item; @%ﬂous pesticides
Active substance(s):¥ Glyphosate and 50 others

Description:  Not reported
Source of test item:  Not reported
Lot/Batch #:  Not reported
Purity:  Not reported
2. Vehicle and/or positive control: Not applicable
3. Test group:
Species: Human
Age of test persons:  Up to 70 years

Sex: Males and females
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4. Test system:

Study type:

Data collection:
Guideline:

GLP:

Guideline deviations:

No. of persons analyzed:

5. Observations/analyses:

Working history:

Detailed assessment of exposure:

&
s

Prospective cohort study
Self-administered enrolment questionnaire
None

No

Not applicable

54315

All subjects o
Collected compreh@ve usg, data qgy22 p ti@ides&r/never
use information {828 d@onal@tlcl and@meral

information o thl pli onal
protective eq@nent@stlcl%ﬁn xm@ @qpment repair.
%

@
Data we@also %lecteml bas&%%mo%‘nc and lifestyle
factor@ @

S
G@los %xpos@ metri@ for thy ana1y31s
@»ever @onall@mxe@r app Os products containing
yp

( Inev
ulativaifetime ays abuse, or “cumulative exposure
$s” (yeaoof usx da s@r year, categorized in tertiles

among ¥Rprs: 1@ 21 57-2,678); and

@%) in tins ty- weﬁ?hted @mulative exposure days (years of use x

& % daysJser ye integsity level, categorized in tertiles: 0.1-79.5,

& @

7&@337@ 37.2a3%.241).

Parameters dned@ he @han t@§)f follow-up for occurring cancers was 6.7

Sta@%ﬁ% :

yeats.
ere@ between the exposure groups were tested using the
1-squésE statistics and associated p-values.

S @

&)

Pagsyon regression analyses were carried out for all cancers
mbined and specific cancer sites to estimate rate ratios (RRs)
95% confidence intervals (CIs) associated with

%glyphosate exposure metrics; the effect of each metric was

evaluated in a separate model for each cancer. Tertile exposure
variables were analyzed in separate models using either the
lowest tertile—exposed or never-exposed subjects as the
reference category.

For each exposure metric, RRs were adjusted for emographic
and lifestyle factors, including age at enrolment (continuous),
education (dichotomous: < high school graduate or
GED/education beyond high school), pack-years of cigarette
smoking [indicator variables: never, pack-years at or below the
median (12 pack years), pack-years above the median], alcohol
consumption in the past year [indicator variables: none,
frequency at or below the median (72 drinks), frequency above
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the median], family history of cancer in first-degree relatives
(dichotomous: yes/no), and state of residence (dichotomous:
Iowa/North Carolina).

Potential confounding from exposure to other pesticides was
explored by adjusting for the five pesticides for which
cumulative exposure-day variables were most highly associated
with glyphosate cumulative exposure days
[(2,4-dichlorophenoxy)acetic acid (2,4-D), alachlor, atrazine,
metolachlor, trifluralin].

Tests for trend across tertiles were conducted by creating a

continuous variable yith assigned values equal to th dian

value of cumulativ g}osmq days (@ intensity wejghted

exposure days) g@@ertl@@le p-yalife for{éhe trend test

was that from 01ss oeffl t f S continuous
/,‘yl

variable. P-v. wer@ nmd@e as%@lcaﬂve of a
trend. Q &

@ \ Q
Addm@%l ana@s we@c n @ncers tor which we

obserged ele df@b on -Hodgkin
lymgphomagbec ciati w1th glyphosate in

reviou dies ese tclude lyses stratified by state and
@nalwg r0Sg quartil d quyitiles (where numbers

of %?%zosure@y S ics.

@ Dallo
R
LmlscﬁVA@%m@?

&
1. Reliability of study: °\@@ @% R y\ble rictions
@Comlﬁnt \%ﬂ do@ment ublication. Study included glyphosate

@xpos as as demographic and lifestyle factors.

@ @y H %er ad@sted relative risk calculations eliminated a

2. Relevance of study:

3. Klimisch code:

sigpiticanfproportion of the data set without justification.
levaEvaluation focussed on glyphosate, although other

Qpestl(@es were also considered in the data evaluation)

% 2

Response 1 — summary from Letter t t@%dimr by Donna Farmer, PhD (Monsanto), Timothy
Lash, PhD (Boston University) and J(%l Acquavella PhD (Monsanto)

e Authors provided an incomplete genotoxicity review which was inconsistent with opinions of
regulatory agencies and experts around the world, that glyphosate is not genotoxic. An extensive
toxicology review of glyphosate was cited by the authors, mentioning a lack of carcinogenicity
with glyphosate exposures, yet neglected to cite the extensive genotoxicity review in the same
publication by Williams et al. (2000)

¢ Biological plausibility of a cancer effect should be considered in the light of exposure.
Acquavella et al (2004) reported the maximum systemic dose to resulting from application of
glyphosate to areas as large as 400 acres was 0.004 mg/kg, and the geometric mean systemic dose
was 0.0001 mg/kg in farmers. If these glyphosate applications and exposures continued daily over
the course of a lifetime, the systemic dose would be at least 250,000-fold lower than the cancer

no-effect level in rodents.
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¢ The authors were requested to further evaluate their models for confounding and selection bias in
the multiple myeloma analysis.

Note: Farmer et al. (2005) is referenced in Doc L Table 3 and included in Doc K.

Response 2 — summary from Lash (2007)

e Table 2 of De Roos et al. (2005) noted 32 cases of multiple myeloma associated with “ever-use”
of glyphosate and when compared with “never-use” (adjusted for age only) yielded a rate ratio of
1.1 (95% CI10.5-2.4). However, when the data set was adjusted for age, demographic and lifestyle
factors and other pesticide use, the rate ratio increased to 2.6 (95% C10.7-9.4).

¢ The adjusted estimate merits careful inspection and can only be undertaken with access to the
primary data, not made available by the authors. .

¢ Bias analysis was conducted, accounting for confoundi@ and exposur@msclassi,ﬂcati

¢ Adjustment for confounders in De Roos et al. (200@wh' @Esulﬁ@ n liﬂ@ng thg;data set by
25% because of missing data on the adjustme %%riabl °]§fﬂ<e1@mﬁ0d@@d sgi@t\lon bias and
produced the a rate ratio of 2.6 that was substan@y bi@ . ©\ &\ §

N Q ’

Note: Lash (2007) was captured in the liter@e seardh, is re@enc DO(Q&Table 2 and
included in Doc K. S % X

e
72
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Author(s) Year Study title
Eriksson, M. | 2008 Pesticide exposure as risk factor for non-Hodgkin lymphoma including
Hardell, L. histopathological subgroup analysis
Carlberg, M. International Journal of Cancer
Akerman, M. Volume: 123

Pages: 1657-1663

Abstract®

We report a population based case-control study of exposure to pesticides as risk factor for non-Hodgkin
lymphoma (NHL). Male and female subjects aged 18-74 years living in Sweden were included during
December 1, 1999, to April 30, 2002. Controls were selec from the onal Q,pulat' registry.
Exposure to different agents was assessed by questionnal @ o @10 @ 16 (92%)

controls participated. Exposure to herbicides gave odd r (Q% 1. 75% gx@nterval (Ch
1.18-2.51. Regarding phenoxyacetic acids highest risk cal d fo § 95% CI1.27-
6.22, all these cases had a latency period >10 years. @)glyp]@sate 2, 95% CI 1.10-

3.71 and with >10 years latency period OR 2.26, 9§ CI 1 -4 40nse des all gave OR 1.28,
95% CI 0.96-1.72 and impregnating agents OR @ 959RA\CI 1 H%2. 30&Result (% also presented for
different entities of NHL. In conclusion ou% udy flrm@ an matloﬁb between exposure to
phenoxyacetic acids and NHL and the assocm w1th @ wa md@ly strengthened.

©

% Q@ ©© S @é}@
< S
@ & %
(ERIAES ANBMETHODS &
& o &R
1. Test material: g @ @ N @o
@Varl@ her % ctlc1des, fungicides, rodenticides, and
sent@)

* Quoted from article

2,

“0y,2

bt
(%es 1m@ natl
Actlv&@bstan) @pho @l and

De on@@ﬂot g@)rted ®
Source of%\e’st 1t¥ N(m;eporte@

Lot/B@ # . Il rep@d
Purity: ot rgported
2. Vehicle and/or positive control: © N@plicable
3. Test group: %
(in the following data only presented fo@osuxes to glyphosate and total number of subjects)
Species: Human
Age of test persons:  18-74
Sex: Males and females

4. Test system:

Study type: Epidemological study for pesticide exposure as risk factor for
non-Hodgkin lymphoma including histopathological subgroup
analysis

Guideline: None
GLP/GCP: No
Guideline deviations:  Not applicable

Collection of data:  Questionnaire
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No. of exposed persons with NHL: 910
No. of control persons: 1016

No. of persons with Non-Hodgkin
Iymphoma (NHL) exposed to 29
glyphosate:

No. of persons in control group: 18

Pesticide use frequency:  Glyphosate exposed / control group
<10 days: 1/9 persons

> 10 days: 17/9 persons
Application rates:  Not reported
5. Observations/analyses:

<
Working history:  All subjects Q@ % @° @b
Other:  Smoking habits §"i&;;%dlca%%ﬂs lejguie tlm@actlv@, proximity
from home to @taln@sm all@]s (@ factors were
not reporte(& &
Detailed assessment of exposure: Questlon,n\@are 1ncl‘§ed a 16l w&@hlstoq@) ith in depth
questlo&&tegar re terstlcl rganic solvents

and sgiral o cher@al all pe§&01des not only
bers of @ars of day®per year, but also
iy Z@“

lengtfdo Sure peday were questioned. Since
@@st wagy w1th thl as @formed in an individualized
@Mman 0 l@xpo as judged to be applicable.
Parameters determlne@ Re ng fenox erblc and glyphosate an analysis was

e 1q¢&xcy pertsd for exposure into account
Sta@@&cs Unco nal % tic, régfession analysis (Stata/SE 8.2 for
@S’Vln WS) sed t@lculate odds ratios (OR) and 95%
@@ > cortf nce@rval@Ql) Adjustment was made for age, sex
a@rear S (cases) or enrolment (controls). In the
@m variffd anghis, different pesticides were analyzed
@ 2 epa&é@ly angylhe unexposed category consisted of subjects
Q thw re ur€xposed to all included pesticides. When analyzing
Q\@ sd@group of NHL all controls were used in the separate

lys&%
§m

Q,

N

Ny

/

the@ose-response calculations made for agents with at least
20 e¥posed subjects, median number of days of exposure
gong controls was used as cut-off. Latency period
& culations and multi-variate analyses included agents with
%Statlsmally significant increased OR, or with an OR > 1.50 and
at least 10 exposed subjects

KLIMISCH EVALUATION

1. Reliability of study: Not reliable

Comment: Multiple avenues for bias were introduced in study design,
execution and data processing. No information about exposure
duration, used glyphosate products and application rates. Other
factors (i.e. smoking habits, medication etc.) were assessed but
not included in the evaluation.

2. Relevance of study: Relevant with reservation
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3. Klimisch code: 3

Response —Review by Professor Pamela Mink, PhD, Rollins School of Public Health, Emory
University, Atlanta Georgia, USA

Study Overview and Main Findings
The authors (Eriksson et al. 2008) conducted a population-based case-control study of exposure to a
variety of pesticides and non-Hodgkin lymphoma (NHL), including separate analyses of histopathological
categories of NHL. Study subjects were males and females, ages 18-74, living in Sweden between
December 1, 1999 and April 30, 2002. The final study group included 910 cases and 1016 controls.
Exposure, ascertained via an interviewer-administered questionnaire, focused on pesticide and other
chemical agents, and included a total work history (although a job-exposure matrix was not used). For
pesticide exposure, information on number of years, number of days per year, and approximatg lgngth of
exposure per day was also obtained. A minimum of onll day of @posur%was @ﬁed for
<O @ @ 2
& \ @ S
The authors reported a statistically significant positive a@laﬂ “her e e \ure and NHL
(OR = 1.72; 95% CI: 1.18-2.51). Glyphosate exposure\was regérted b& CQG’S and @controls and the
corresponding odds ratio (OR) was 2.02 (95% CI. - @
1.10-3.71). The ORs for glyphosate exposure of da d >§days Qere 16§ O5% CL. 0.70-4.07)
and 2.36 (1.04-5.37), respectively. The ORs for, ho were@. 11 CL: (094-5. 08) and 2.26 (95%
CI: 1.16-4.40) for “latency” periods of 1-10 ygars an Oy % resBedtivelzZn analyses of glyphosate
and type of NHL, statistically 31gn1flcant %Hlv oc@ns obs@ved for small lymphocytic
Iymphoma/chronic lymphocytic leuke (SL L) %35 CI. 1.42-7.89) and for
“unspecitied NHL” (OR = 5.63; 95%® I 1 22 (}}\,%dds 108 the other types (total B-cell
Iymphomas, grade I-III follicular ly@hom iff \larg B-cell phoma, other specified B-cell

lymphoma, unspecitied B-cell 1@@ T@ell @ho masy were above 1.0, but were not

statistically significant (i.e., the 9 conf@ence 1@%13 @l@wely wide and included the null value

categorization as “exposed.”

of 1.0). @ &

% D@
The authors concluded, “ was 001at statistically significant increased OR for
Iymphoma in our study, the esult S strengdlene ﬂ@a tendency to dose-response effect...” (p.
1662). The authors suggested th elr ng & conggsfent with results of a previous case-control study
(Hardell and Eriksson 1999) ah 4 ana%@ls (Hafdell et al. 2002) that they conducted. In the case-
control study, an OR of 2.3 (95% 0 4- ) b on 4 exposed cases and 3 exposed controls, was

reported for glyphosate and NHLQ@ the i'*g ed dngtysis of two case-control studies, which included data
from Hardell and Eriksson (1999), an 0\:5« 3.0g(95% CI: 1.08- 8.52) was reported, based on 8 exposed
cases and 8 exposed controls. The augts alsgrited three studies (De Roos et al. 2003; McDuffie et al.

2001; De Roos et al. 2005) by other gro§p as being consistent with their results in that they “also

associate glyphosate with different B-cel lignancies such as lymphomas and myelomas.” It should be
noted, however, that the relative risk (K@reported by De Roos et al. (2005) for the highest versus lowest
category of cumulative exposure days of glyphosate and NHL in the prospective Agricultural Health
Study was 0.9.

Interpretation Issues

Identification of Cases and Potential Referral Bias. It is noteworthy that the cases in the current analysis
were identified from some of the same hospitals as the authors’ prior publication; thus, referral bias may
have been an issue. In particular, the researchers approached the patients after diagnosis if the physicians
deemed it appropriate. Therefore, if the physicians were concerned that their patient’s NHL was associated
with agricultural exposures, they may have suggested participation in the study.

Participation Rates and Potential Selection Bias. The authors report a participation rate of 91% and 92%
for cases and controls, respectively; however, these figures are based on completed questionnaires out of
those who had previously said they would participate in the study. The number of eligible patients (i.e.,
prior to physician approval to “approach”) was not reported, so the computation of an exact participation
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rate 1s difficult. Based on information provided in the paper, participation among cases is estimated to be
about 80%. Nonparticipation is a concern for several reasons. First, in a case-control study, an odds ratio
will be an accurate representation of the exposure-disease association when the cases are representative of
all cases and the controls are representative of the exposure experience of the population that gave rise to
the cases. If the final study sample is not representative of this “target population” then measures of effect
(e.g., the odds ratio) may not be valid. In addition, one must be concerned about selection bias. Selection
bias occurs in a case-control study when the exposure distribution for cases and controls differ for those
who participate in the study compared to those who are eligible but do not participate in the study. It is not
possible to determine whether there 1s selection bias without information about nonparticipants.

Strengths and Limitations of Using Living Cases Only versus All Cases (Living + Dead).

The authors noted that 88 potential cases died before they could be interviewed and were therefore
excluded from the study. It is also stated in the Discussion that restricting the study to living cases and
controls was an “advantage” of the study, as interviewing es and ls directly c@ﬁared to

interviewing next-of-kin was preferable. While it is generall@true @yt thigy dul an tage, the
following statement by the authors, therefore, is not accuri, “The?@tud 0 ered@ neg=gases of NHL
during a specitied time” (p. 1660). The study did not in@de W QRS @de@m y those cases
who survived until the time of the interview. Thus, whilf&there@yay -—~\‘>| een &q advagjage to restricting
the study to living cases, there was a trade-off in tigal the @dy pogit atlt@jdid n@sepresent all cases,

specifically those cases with more aggressive dise %@Q\Thls sadgﬁage w&s ot&@ sed by the authors,

nor was the potential bias that could have resulte m cxedudingmany efigible

&
Exposure Measurement and Information B@ Expgsure asce&lned a questionnaire oriented
towards pesticide and other chemical agen%svln a on 11@rv1ev\@s collggfed information by telephone
if “important” data were lacking, incom ar s %§w $t is meant by “important,” and
the proportion of cases and controls rec o ph ca as ngyfeported. Thus, information bias

may be a concern. Even though intgsgiew & ere @ de ase @/or control status, they may have
been able to determine this informafion durin® the«¢ QUL 1 iew. Furthermore, recall bias may be
an issue because exposure inf tion sRas bas&t’ on pﬁstlclpa@\response and cases and controls may
recall and/or report past pestiCide osure@dlffep%tly Mg~ exposure validation techniques were
implemented, nor did an % ygie%@t (or 0 type of personnel trained in assessing
occupational exposures) ﬁf%;lde y vali te/es@gﬁ requency and/or intensity of exposure. The
authors assumed that some mis@ssifi din ntity of exposure has probably occurred, but
such misclassification would t pr ly b%\nond dent of case/control status, and therefore only
weaken any true risks” (p. 1660)@@ d@’ot previde any explanation as to why they believe that
exposure misclassification would os{@oba nondifferential. If NHL cases believe that pesticides
may be related to their disease, then 1trt y possible that they may recall and/or report pesticide
exposure differently than NHL-free c%@ols, \vgch could result in odds ratios that are inflated as a result
of bias.

Interpretation of “dose-response” analys$s’ The referent group in the statistical analyses consisted of
participants who were unexposed to all pesticides. The dose-response analyses were based on a dichotomy
of the median number of days exposed to a particular agent. It is difficult to analyze “dose-response” when
only two exposure categories are considered. Furthermore, the dose-response analyses were based on
median values of exposure but heterogeneity of cut-points is evident across agents. For example,
glyphosate was analyzed as < 10 days and > 10 days, whereas, “other” herbicides were analyzed as < 32
days and > 32 days. Although analytical cut-points were data driven, interpretation across the wide variety
of exposures is complicated by the variability in exposure cut-points. In addition, even though the OR for
the higher category of exposure days was greater than the OR for the lower category, the two 95%
confidence intervals were wide and overlapped considerably (0.70-4.07 and 1.04-5.37).

Thus, it is not clear whether the two point estimates reported (1.69 and 2.36) are significantly different
from each other. Finally, this result cited in the “dose-response” analyses may have been confounded by
exposure to other herbicides. In Table II (Eriksson et al. 2008), the authors observed elevated associations
for other herbicides, including MCPA, 2.4,5-T and/or 2,4-D. The correlation between exposure to
glyphosate and other herbicides was not provided nor were analyses of glyphosate-exposed individuals
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after accounting for the collinear relation between this agent and other agents. The odds ratio for “ever”
exposure to glyphosate was attenuated after additional adjustment for other pesticides (Table VII, Eriksson
et al. 2008), but multi-variate -adjusted estimates for the “dose-response” odds ratios were not reported.

Unusual Pattern of Positive Associations. The authors conducted multiple comparisons, and one would
expect a certain proportion of their findings to be statistically significant (whether in the positive or
mverse direction) simply as a result of chance. It is somewhat surprising, therefore, that the vast majority
of the ORs presented in this manuscript are greater than 1.0, regardless of the statistical significance. The
authors do note that for some of the analyses (e.g., latency), only chemicals for which ORs were greater
than 1.5 and for which there were at least 10 exposed cases, or for which there was a statistically
significant OR were evaluated. On the other hand, dose-response was evaluated based on the number of
exposed subjects and not on the strength or significance of the findings. The authors do not address this
directly, but do state in their Discussion, “...several pesticides are chemically related and may exert their
effects on humans through a similar mechanism of action, whi ay expla(lné;e wide range o@ésticides

that have been related to NHL over time in different countrignd wigh' diffg G e @@ue Hitions” (p.

1661). On the other hand, this pattern of positive findin 1d B res 3f blag\lncl o recall bias
(or other information bias), selection bias, uncontrolled fou , Or xFom on ese and other
factors. @

¢ Q
@ &£ & Q &>
Interpretation of Eriksson et al. (2008) in Contex{, @“Othe(&Studle&gD S gvnent by the authors
that, “Recent findings from other groups also ass@te :Pf-‘ erent éell malignancies such
as lymphomas and myeloma” (p. 1662), most - va an @@ho@e and NHL do not report
statistically significant associations (De Roosg@ al. C et alQ1992; Roos et al. 2003; Hardell
and Eriksson 1999; Hardell et al. 2002; Isgg et a Q"O @cDuff@et alR001; Nordstrom et al. 1998)

(Tables A and B). It is notable that Hardgfhet al. Ctd 02) r@orted@gmf t positive association between
d

elyphosate association and NHL, b ) "i varl%’ -a ratio was attenuated and not
statistically significant. Similar fi %g rlks et al. (2008). Specifically, the
a trac

association reported by the authors@n the 5CI 1.10-3.71) was adjusted for age,
sex and year of diagnosis or enr ent. @Ehen other pest o added to that model (i.e., agents with

statistically significant increasgd odds @with &wdds%a o greater than 1.5 and with at least 10
exposed subjects), the adjisied (@ratm@'as (95 CL 0.77-2.94). Thus, the authors’ final
statement, “Furthermore, earlie dlcai%n of @ ass ion between glyphosate and NHL has been

considerably strengthened” 1s @tionahf® Thejrpreviofs findings showed a non-significant association
after multi-variate adjustmer& 0. P85, CISS 6.20). The 2008 study similarly reported a
statistically non-significant associatid@ etw@f glprosate and NHL after multi-variate adjustment (OR

= 1.51; 95% CI: 0.77-2.94). Th esults, @porte%@)r analyses of duration of exposure and latency of
exposure did not adjust for other pes%@ es one would expect that those ORs would also be

attenuated.
& &?

Summary of Findings: Cohort and Casea@g)ntrol Studies of Exposure to Glyphosate and Non-
Hodgkin Lymphoma %



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies
May 2012 Page 878 of 1027
Table A. Cohort Studies
Author Description No. of Type of Relative 95% Variables Included in
Year Exposed | Relative Risk Confidence | Statistical Model
Cases Risk Estimate | Limits
Estimate
De Roos 57-2,678 vs. 17 RR 0.9 0.5-1.6 Age at enrollment, education,
et al. 1-20 pack-years of cigarette
2005 Cumulative smoking, alcohol consumption
Exposure in the past year, family history
Days® of cancer in first-degree
relatives, and state of
residence
337.2-18,241 | 22 RR 0.8 0.5-14 Also adjusted for other
vs. 0.1-79.5 @ pesticides ©°
Intensity- D @° O@ &’ @
Weighted Qé ﬁ\’\? Q @V\, o?\’\y
Exposure b 9 ‘\E? o @ °\©
X N
*Years of use x days per year; categorized by tertiles °\@ @ %\9@» \Q Q
®Years of use x days/year x estimated intensity level; ca@orize@r terti@s N &)
AN NN
Voo 90 o
S AR gy
@ o =92 @ &Q
S & O O
& ey R
N A S O
© S O @
O K N Q7N
& @ @ & &
@ % o Q9@
< SIS
N e @ 8
< o O o
RO O
@ v
Q& &
O o
N
ERIRN
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Table B. Case Control Studies

Author Exposure Subgroup No. of No. of OR 95% C1 | Variables Included in
Year Evaluated Description | Exposed | Exposed Statistical Model
Cases Controls
Cantor et | Agricultural expo- | Nonfarmer 266 547 1.0 Referent | Vital status, state, age,
al. sure based on ever smoking, family history of
1992 living or working | Farmer 356 698 1.2 1.0-1.5 lymphopoietic cancer, high-
on a farm risk occupations, and high-
risk exposures
Farmers with Glyphosate 26 49 1.1 0.7-1.9
specific pesticide
exposures (ever
mixing, handling, °
or applying) § @ @ @" @b
Y
compared to Qé o5 ©© @ §
nonfarmers N &) S ¢
De Roos | Ever exposure to Glyphosate 36 61 @ @ IDF0 dAge, ﬁ\y site and other
etal. specific pesticide; | (Logistic R % Q Q pesti& s
2003 men only (all 47 Regression) z\@ N @\Q AN Q
pesticides were RN @ Q N &)
regressed Glyphosate 36 &@ 61 Q) 1@ (@8 Second-level model
simultaneously) (Hierarchical @ & RN @@incorporated what was known
Regression) °\@ «@% D © @J)@ about each true effect
é\? {2 (@) @ @ parameter prior to seeing the
& ) NS study data
Hardell Exposure to Glyphosate a4 X |3 “\\’ & @1\3 Age and country (matching
and specific pesticides (conditiot§ &@ A %%;\9 Q factors)
Eriksson | (ever/never logistic ©) & i@ . Q
1999 exposed to the regr%@n; N BN @ o\@@’
specific pesticide | uni-vediate @ 4 (@)
VS. N0 exposure to | anékysis) @@% @ @ @»&
any pesticide) N @@ Q £§ Multi-variate variables not
%yphosa e 4 L3 @ 5.8 0.6-54 listed by authors
(c%@nal @;@ @ ®
ol @f S
regressn%@» @ &
multi—@ e | @ %3
analysis) ﬁ\
Hardell Exposure to Glyphosate QVS Y1 3.04 | 1.08-8.52 | Age and county (matching
etal. specific pesticides (conditiona® N) factors); study, study area
2002 (ever/never logistic (county), and vital status
exposed to the regression; @
specific pesticide | uni-variate §§
vs. no exposure to | analysis)
any pesticide)
Glyphosate 8 8 1.85 | 0.55-6.20 | Multi-variate variables not
(conditional listed by authors
logistic
regression;
multi-variate
analysis)
Lee et al. | Exposure to Glyphosate 53 91 1.4 0.98-2.1 | Age, state, vital
2004a individual use, Non- status
pesticides asthmatics
Glyphosate 6 12 1.2 04-3.3
use,

Asthmatics
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McDuff- | Exposure to Glyphosate 51 133 1.26 | 0.87-1.80 | Strata for age and
ie et al. individual active (Round-Up) province of
2001 chemicals residence
Glyphosate NR NR 1.20 | 0.83-1.74 | Plus statistically
(Round-Up) significant
medical variables
Nordst- Exposure to Glyphosate 4 5 3.1 0.8-12 Age and country (matching
rom et specific factors)
al. herbicides,
1998 insecticides, and
fungicides
Eriksson | Exposure to Glyphosate 29 18 2.02 | 1.10-3.71 | Age, sex, and year of
etal. specific herbicides diagnosis or enrollment
2008 regardless if they § o
also had been 29 18 51 L0s77-2.9@ Age an ar of
® & >
exposed to cgé ox;@ Q1 g sis d%ﬂrollment and
phenoxyacetic b @) \b icide§@With statistically
acids or not @ @ @ £Ignifi increased odds
AN @ @) ratio ,@ with an odds ratio
c\@ Q§ <) \Q ar than 1.5 and with at
9¢§> % AN & st10 exposed subject
Exposure to Glyphosate< | 12 @] 9 © 1@ 0.7@4.07 [Age, sex, and year of
herbicide 10 days AN @§ X @ @pdiagnosis or enrollment
stratified by o\@ & C)Q Q @
median number of | Glyphosate *d ()«@7 2.36@ 1.04&/
days among >10 days Q @2 & L Q
exposed controls @ Q| & Qr 8
Exposure to Glyphos 98- Age, sex, and
specific herbicides | B-Cell 51 year of diagnosis
according to lymph§ or enrollment
different b
lymphoma entities I:y%phoc % 1.42-7.89
@
Folfillar o NR <9 NED [ 180 | 062579
grade [y é} IS
‘ @ %3
Diffuse Targe \! NR 1.22 | 0.44-3.35
B-cell @
Lymphoma(f’@Q §’7
Other @g NR 163 | 053-496
specified @R
B-cell Q
lymphoma
Unspecified | NR NR 1.47 ] 0.33-6.61
B-cell
Lymphoma
T-cell NR NR 229 | 0.51-104
lymphomas
Unspecified | NR NR 5.63 | 1.44-22.0

NHL
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Author(s) Year Study title
George, J. 2010 Studies on glyphosate-induced carcinogenicity in mouse skin: A
Prasad. S. proteomic approach
Journal of Proteomics
ARy Volume: 73
Shukla, Y. Pages: 951-964
Abstract*

Glyphosate is a widely used broad spectrum herbicide, reported to induce various toxic effects in non-
target species, but its carcinogenic potential is still unknown. Hgre we showed the carcinogenig effects of
glyphosate using 2-stage mouse skin carcinogenesis model andproteomic anagysis. C%?mocv Wity study
revealed that glyphosate has tumor promoting activity. RS eor @mal}@ USifgs 1S sional gel
electrophoresis and mass spectrometry showed that 2 0 |ﬁ:er@.[n]]y %r@g@@ (>2 fold) on
glyphosate, 7, 12-dimethylbenz[a]anthracene (DMBA) é lZ—@Etrad 0yl bo@gucetate (TPA)
application over untreated control. Among them, 9 goteins @ansla@n elgnedtion,@rtor eEF-1 alpha
chain, carbonic anhydrase III, annexin I, caleyclin @b trat@ent a@—VEgﬁﬂi . peroxiredoxin-2,
superoxide dismutase [Cu-Zn|, stefin A3, and&a!gr in B@J&rﬂ @mmo@ and showed similar

expression pattern in glyphosate and TPA- lre'lt 10USESKIN. @se proténs are ®nown to be involved in
several key processes like apoptosis and gro h |nh x1d Roresp s, etc. The up-regulation
of calcyclin, calgranulin-B and down- regula r0x1® dis 1 se [(@)-Zn] was further confirmed
by immunoblotting, indicating that t s a.a @ujale biomarkers for skin
carcinogenesis induced by glyphosate. @ lcmr ; lbe% resuiS suggeSted that glyphosate has tumor
promoting potential in skin Larcmoﬂm@b and@ﬁ megg}uam%ems t@@ similar to TPA.

* Quoted from article N &

@ @
L@Rm@s AN &IE @D

D
1. Test material: Q‘Q\ Q@ @ @Q @
tem: @@ou n@p Orl§ ®

Active su&mc&@@ Gly;ghosate@

S@ @1 é‘.ompany St. Louis, USA
Fids Rgbtaine® from a local market)

Lot/Batch @ Nol@@oned
Purity: 360°¢/L. glyphosate salt equivalent as the isopropylamine salt

Co-formulants: e formulation contained 15% POEA (polyethoxylated tallow
\~amine)
2. Vehicle and positive controls: 0% ethanol

12-o-tetradecanoylphorbol- 1 3-acetate (TPA);
7, 12-dimethylbenz|a]anthracene (DMBA).

3. Test animals:
Species: Mice
Strain:  Swiss albino
Source: Indian Institute of Toxicology Research (ITTR)
Age of test animals at study initiation: Not reported
Sex: Male
Body weight: 12-15¢g

Acclimation period: 1 week
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Diet/Food: Synthetic pellet basal diet (Ashirwad, Chandigarh, India), ad
libitum
Water:  Tap water, ad libitum
Housing:  Not reported

Environmental conditions: Temperature: 23 £2°C
Humidity: 55+5%
Air changes:  Not reported
Light/dark cycle Not reported

4. Test system:

Study type: Proteomic study in mouse skin

Guideline: No @ bo
GLP: A2 ‘
Guideline deviations: 11:110t licabl @\@ °§@ ©© %@ Qg@
. Not applica eb 2 S
S

. N
Duration of study: N
uration of study: 32 weeks @ ‘ N BN o
Dose groups: Group I —treat conn@@N 0 atmeg%
: S .
Group % Gly%osate %)ne (25\51g/kg topically 3 times
per w Q) Q>
Growp II @\/IBA@A Sawgle ¢ cal application of
DMBA, 5 Q ¢/mo foll 1 V\@ later by thrice a week
P“‘ :
p os

@

1cat ouse
rou s)+T r.;* (Slngle topical application of
lypl@sate Lodng/kefow fol d 1 week later by TPA

©§ atlon&,s n p 111
©) a +TPA (Thrice a week topical

Q phc n of 25 mg/kg bw for 3 weeks [total of 9
b @apph@tlons ollowQ@ weeklater byTPA application as in
@

«D greay I11), @
&@ («é@p ‘é? M&R (Single topical application of DMBA, 52
@ @/ m e)
@ @@ Gro Q@PA (Thrice a week topical application of TPA,
5 Famouse

— DMBA+glyphosate (Single topical application
ﬁ% [as in group I11], followed 1 week later by toplcal

&
Study typeNX~"Proteomic study
Guideline: No

GLP: No

Guideline deviations:  Not applicable
Dose groups: Group I —Untreated controls (No treatment).

Group II — Glyphosate (Single topical application, 50 mg/kg
bw/mouse).
Group III - DMBA (Single topical application of DMBA, 104
ng/mouse).
Group IV — TPA (Single topical application of TPA,
10 pug/mouse).

Animals per dose group: 4 groups of 4 animals each
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Sampling and sample preparation:

5. Observations/analyses:
Carcinogenicity study in mouse skin
Body weight:
Development:

Gross morphological changes:

Food- and water consumptions:

24 h after application animals were sacrificed and skin tissues
trom the treatment site were excised. Hair and subcutaneous fat
was removed, and small pieces of cleaned skin tissues of each
mouse from all the groups were then homogenised (10 % w/v)
individually, in 2-DE lysis buffer. The lysed samples were
soniocated, centrifuged and pooled for the respective group.
After quantification of proteins by Lowry’s method, the
supernants were stored at -80°C until use fro electrophoresis.

Measured weekly
Examined weekly bo
Vqlume of squamag@y gell illo@(m (ﬁ@ﬁ loc@ on the
skin was examlﬁ%ﬁ“durl&g eg stusklé’erlo N

D ©@ NS I

Tumors lara an J@im d@ter w&e inc@d in the total
number Qf@mors: @) \Q Q&

. N
Mortality: Not ed @ & @& N \@@
Clinical signs:  Not sported & %’\@ Ka@ )
N@epor § © @@@
Test substance intake: t reptded © @b QQ
Haematology:@Not porte @ @ S
S
Clinical chemisgy” Ké&repor@’ Q \Q
Urine fm&%is: ot rep@ed &\@ 32
P

Sacrifice/patiadlo g@ Nog@orte &Q

Org: we'

l@epor@ @@

H%toa ogy: ore@ed
p%@gy@@\lté @@

N @

Proteomic s@y

Protein quantificiion:

Protein expression profilgy)

™
&
& &

°§antiﬁi@tion of proteins in the supernants prepared tor 2-DE
L(@ry's method.
2-§ectrophoresis (2-DE)
% was carried out using commercially dedicated equipment,
rotean IEF.

%IEF was performed for each individual sample to a total of 45.5

kVh.

All IEF steps were carried out at 20 °C.

After the first-dimensional IEF, focused IPG strips were placed
in an equilibration solution.

Separation in the second dimension was carried out using
Protean II xi electrophoresis equipment.

Each experiment was performed in triplicate to obtain the
reproducible results.

After completion of the second-dimension electrophoresis, the
gels were fixed and stained by using a fast silver staining
protocol with neutral silver nitrate.

Analysis of the 2D-gels including background subtraction, spot
detection, volume normalization and differences in protein
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Protein identification

expression levels among samples were analyzed by using
PDQuest software Ver. 7.4.0.

To determine the variation, 3 gels were prepared for each
sample. The protein spots that varied >2 fold change and were
specific for the test groups and the control group were
manually labeled and considered for MS analysis.
Matrix-assisted laser desorption/ ionization time-of-flight
(MALDI-TOF/TQOF) and liquid chromatography mass
spectrometry (LC-MS)

Differential protein spots of interest were excised manually and
washed with deionised water. After in-gel digestion,
trypsinised samples were dissolved and mixed with matrix (o-
cyano-4-hydroxy cinnamic acid). Following drying the
peptides were sp(@n ground ste plate and subj@éd to

Bruker Ultraflex MAILDI- d z@\l ana@-ESI-
Trap (Agllent) fSinass %ctro&emc 11flc@

Data acquls%@l an alys Qas @ rmed@ng flex control

and flex ysis/bigtools @rsm soft@e respectively
Data w@cqulr&% in reffeetron Kosmve e using 15-18%
er S tolgsance al@monoéopic values (50

s
p p © may; f1n ¢Bprint and peptide mass
MS/I\@ spe were used for searching.

@Q he d %ts &@ghe M ectr cludlng peptide sequence

S xe i e

m athIl

Q&ﬁ hed @mst the SWISS-PROT and
seging M@ot Daemon as a client attached to

Verification of calcyclin, calgr@@ln B@%he di entl%prote screened with 2-DE were confirmed
0

S
A @
< @
Q\

@“@@ gﬁfanes

Q\

a% D l% ern
N @ tiss mpl Rere lysed in lysis buffer, resolved on a

15% @plyacydamid gel, and electro-transferred onto
olyv@fhde oride membranes. After blocking, the
@re immunoblotted with antibodies of calcyclin,
ulig-B and superoxide dismutase (SOD 1) and beta-
@m a&}@ations recommended by the suppliers.

@@Q Hor@@radish conjugated secondary antibodies and

iluminescence kit, were used for detection. Protein
e%pressmn was visualized by Versa Doc Imaging System.

%@ he intensity was given in terms of relative pixel density for

Statistics:

each band normalized to band of beta-actin. The intensity of
the bands was measured using software UNSCAN-IT
automated digital system version.

The skin tumour incidence was analyzed by one-way analysis
of variance (ANOVA) test in untreated control and treated
groups, p<0.05 value was considered as significant. Protein
expression data for untreated control and treated groups are
expressed as the mean+SD of 3 replicate gels for fold changes
of normalized spot volumes. For the statistical analysis of data,
Student-t-test was used and p<0.05 was considered as
significant. Hierarchical clustering analysis using Ward's
minimum variance was performed by NCSS software.
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KLIMISCH EVALUATION

1. Reliability of study: Reliable with restrictions

Comment: Non-guideline mechanistic study. Scientifically acceptable
study with deficiencies (controls with glyphosate alone, and co-
formulants were not included)

2. Relevance of study: Relevant with restrictions (Glyphosate formulation not
glyphosate alone was tested.)
3. Klimisch code: 2

Response — GTF

@

It 1s important to note that the authors use glyphosate as a eq}s@nym@f’ w -.Ie@ reaL@Ogl @sate based
formulated product. Doses in this study are not represcfgitive °§§?hu 30 expores yphosate or
glyphosate based formulations. Mice in the tumor prom@ng Veiw&@)p' aNipplications of
concentrated glyphosate formulated product three time Byer weR for &8 thir weeksyWwithout washing
after an initial treatment with the potent tumor initigigyy DMB&: Gly@asate\ d beegshown to have very
low dermal absorption, even in formulated produg s@and si%e isn volaQe, wouyld Tikely accumulate on
mouse skin. Surfactants are typically irritatin@ld n olatégﬁ Giv@ the Isgftation potential of the
unwashed exposed mouse skin over the cours® of Yy Or JNOTC @‘@(S, tu@gor promotion may be a
physical response to substantial localized de@al irgitation. 'demi@ogicag&dies reported above note

no association with glyphosate and either sk or Ii cery @ @)

Furthermore, any dermal exposure co & z@no hurdQy skin would prove irritating and
prompt handlers to wash off soon affer dermat ex e. N

o & PNy
Human in vitro dermal abso ti@ stu rep&@d in %ction(@ 5.9.9 for a range of glyphosate based
formulations containing dif t sycfdetant @ytems e trate extremely low dermal absorption of
glyphosate active ingredig& or co ntraté@prod , of than 0.2%. Test material recovery in each
of the four reported dermal abs@on stfdies was very ¢&dd, close to 100%. Most of the glyphosate was
removed during skin surface waghing @gther &gt orgiyventy four hours of in vitro human skin exposure.
This also suggests significant potel@ or a@mulagon of glyphosate on the surface of the mice skin in

George et al. (2010). Q °\@ KQ

Proteomics is an emerging science, nosJet yiﬁ%g validated test methods for establishing human health
endpoints. The up-regulation / down-@gulats@n of protein expression reported after a single dermal dose
of a glyphosate formulated product (pr%omics experiment, group II), while interesting, does not
demonstrate any toxicological endpoint. QRather, perturbations may well represent normal homeostatic
fluctuations and be a natural responseXo insult. Further research and validation in this field will be
necessary before such studies may prove useful in human health risk assessment.

. . ) %9” 9 |
Label directions outline appropriate g 0na}§otect§ equipthent @h as gloves and long sleeves.
du&
N
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4. Literature Review of Genotoxicity Publications

The following genotoxicity literature review was conducted by an expert in the field of
genotoxicology. Relevant OECD Tier Il-like summaries and Klimisch ratings (Klimisch, 1997), as
described in introduction of the overall literature review, follow this genotoxicity literature review.

Review of Genotoxicity of Glyphosate and Glyphosate Based Formulations,
Larry D. Kier, PhD, Genotoxicology Consultant, Buena Vista, CO

Abbreviations AMPA, aminomethylphosphonic acid : CB MN. cytokinesis block micronucleus;
GBF, glyphosate based formulation: i.p., intraperitoneal : NCE. normochromatic
erythrocyte; OECD, Organization for Economic Cooperation and Development:
PCE, polychromatic erythrocyte; POEA, polyethoxylated tallow amine,
tallowamine ethoxylate; SCE, sister c['@natld exchan@ SCGE smgl@%ll gel

electrophoresis (comet). .
Abstract @\’ Q % @Q\Q\y
An earlier review of the toxicity of glyphosate and the @lgl @M lat Foncluded that
neither glyphosate nor the formulation pose a risk f the pr ctio ic mutations in

humans (Williams et al., 2000). This review of subsgy uenl hos@ gen lcuy@b]lcalions includes
analysis of study methodology and incorporati &\of all%t‘le fifdings Qto a #ht of evidence for
genotoxicity. Two publications provided lmnted%dmo $or ll@conc?ﬂ%’%n that glyphosate and
glyphosate based formulations (GBFs) are not ative i mut assa@rcategory. The weight of
evidence from in vifre and in vivo mammalia@hr@ome ects s@zheg@gfms the earlier conclusion

that glyphosate and GBFs are predominamdy neg for @is enc@mt Exceptions are mostly

for unusual test systems but there are som ngd &0&1 sitive results in mammalian
systems. Several reports of positive Its -‘(\\ e an§ et A damage endpoints have been

published for glyphosate and GBFs &&1 SuggeSe tha se DQ damage effects are likely due to
cytotoxic effects rather than DNA @activity® ThiQweigh, ©) evi e review concludes that there is no
significant in vive genotoxicity @mut@nwn&;&nemlﬁwf gl@hosat& or GBFs that would be expected

under normal exposure scenarigs. AN
S @@ ®
1. Introduction &Q ’ < S @

Glyphosate is the active mg@nt ir @ry v@le!y & herbicide formulations in crop production,
industrial turf, ornamental plamg§y for , roadswdes, lggmie lawns and gardens. Accordingly, the toxicity
of glyphosate and its formulated p%?;tcts been@xtenswely studied. An earlier thorough review of
glyphosate and glyphosate formudglion sa@ ang &k assessment included descriptions and analyses of
genetic toxicology studies of glyphosate @y inal Roundup™ formulation and other glyphosate based
formulations (GBFs) (Williams et al. S00). &sequem]y a fairly large number of genetic toxicology
studies of glyphosate and GBFs have b&n pm@lshed These studies include a wide variety of test systems
and endpoints. The number and diversity\f the studies warrant careful examination and integration of
their findings with the previous resu]% produce an updated assessment of the overall genotoxicity
profile of glyphosate and GBFs.

2. General Review and Analysis Considerations

The published studies for review consideration were identified by literature searches for published reports
containing references to glyphosate or GBFs that also contained searchable terms which indicated that
genotoxicity studies were performed. Literature search utilized Chemical Abstracts (provided by
Chemical Abstracts Service, a division of the American Chemical Society) and Web of Knowledge
(Thompson Reuters), using the following modules: Web of Science™, BIOSIS Previews®, MEDLINE®,
and CAB Abstracts® (CABI) abstracting services. Search criteria were as follows (glyphosate acid and the
various salts): glyphosat* OR glifosat* OR glyfosat®* OR 1071-83-6 OR 38641-94-0 OR 70901-12-1 OR
39600-42-5 OR 69200-57-3 OR 34494-04-7 OR 114370-14-8 OR 40465-66-5 OR 69254-40-6 OR
(aminomethyl w phosphonic®*) OR 1066-51-9. Each identified publication was evaluated to verify that it
contained original results of one or more genotoxicity studies on glyphosate or GBFs. Emphasis was
placed on publications in peer-reviewed journals and abstracts or other sources with incomplete
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information were not considered. Reviews without original data were not considered for evaluation;
however, these reviews were examined to determine if there were any cited publications that had not been
detected in the literature searches.

Each relevant publication was examined using several criteria to characterize the scientific quality of the
reported genetic toxicology studies. Useful, objective criteria for this purpose were international
guidelines for genetic toxicology studies developed by expert groups. These include principles for
conducting studies, reporting results and analyzing and interpreting data. Some of the principles of the
guidelines are generally applicable to categories of studies or all studies while others are specific for a
particular type of test system and endpoint. Some of the specific types of studies encountered in the
review do not yet have international guidelines; however, some of the guideline elements should be
generically applicable to these studies. The guidelines for genetic toxicology tests developed for the
Organization for Economic Cooperation and Development (OECD) are a pre-eminent source of
internationally agreed and expert guidelines. Other regulatory international and national regulatory
genetic toxicology testing guidance are usually concordant wi e OECD g idelines. Tdble@‘]:»resents
some key OECD guideline criteria that were found to be re@m to@ﬁllys#f mg@dles@sidelfd in
this review.

Comparison of the published studies to the criteria in Q@deh@sed gﬂ% oses does not
represent an absolute judgment standard but it does seg@ to pr@yide o eans® ch tenzatlon of the

various published studies. Some of the criteria are y metRp scier@yic puicatio or example, data
for individual cultures and individual animals %kol cafgmonl 1clu din pgbleations in scientific
journals. These data are presumably collected §Ininan i‘n%ns with a measure of
variance for the treatment and control groups. hls 1der be @pignificant omission in a
scientific publication. However, other guid@w fi res nore @senu @ demonstrating scientific

quality standards and should be consideredigs havia® grea@ welg@m ev@yfating a study. For example,
there are consistent recommendations thasassay& l\@gg vis @SC @ (e.g. chromosome aberration,
micronucleus and sister chromatid ex@tange ould’%fs &e independently coded so that
scoring is performed without knowl of tlig trol @up being scored. This guidance is
good scientific practice and studie€phat do ot i n@ of coding or “blind” scoring in the

cthodology or the description of the

methodology would appear to @e a 1C|em§\'\°ellhc§§m the
methodology used. Other ex: p es o u1cldg~,@fcalu|% that HgVe clear experimental scientific value are

the use of concurrent negat § ivc c@irols
8, es

endpoints in main expen ally il@r virrqﬁ

Test materials, as descnbed in ubh ns, ES§re revis ed by industry experts to identify any publicly
available and useful 1nf0rmah@g7n compositiohofor tl@epoﬁed formulations to assist in interpreting the
relevance of findings to g]yphosat% or mlab@n components. It should be noted that a common
problem encountered in the publi litep@re ig, @ use of the terms “glyphosate”, “glyphosate salt” or
“Roundup” to indicate what may be BF thal contains additional components such as surfactants.
Published results from studies w iffereyt formulations have sometimes been incorrectly or
inappropriately attributed to the acti ing@ient. The original Roundup formulation (

containing 41% isopropyl amine glyphoszﬂ%sa]l and 15.4% MON 0818 (a polyethoxylated tallowamine
based surfactant blend), is no longer so many markets. However, other glyphosate based formulations
are sold under the Roundup brand nam¥e with varying glyphosate forms, concentrations and surfactant
systems. Clear identification of the test material is very important in toxicology studies because toxicity
of formulations can be dramatically different than the active ingredient. The fact that test materials
identified as Roundup formulations may actually have different compositions should be considered when
comparing results of different studies. A major consideration, especially for DNA damage endpoints and
for in vitro mammalian cell assays, is an assessment of whether observed effects might be due to toxicity
or extreme culture conditions rather than indicating DNA -reactive mediated processes (Dearfield et al.,
2011; Muller and Kasper, 2000; Scott et al., 1991; Thybaud et al., 2007b; Thybaud et al., 2007a).
Relevant considerations include control of medium pH and osmolality for in vitro mammalian cell studies
and whether effects are observed only at cytotoxic doses or in association with severe toxicity to the test
system. Other important generic considerations in evaluating experimental results of each published study
are evidence of experimental reproducibility and whether a biologically plausible dose response has been
demonstrated.
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Table 1. Genetic Toxicology Test Guideline Criteria

Area Guidance Reference

All studies Test material purity and stability should be reported OECD 471 (1997)
OECD 473 (1997)

Concurrent negative and positive controls should be included with

each assay
Assays with visual All slides should be independently coded before analysis (i.e. OECD 473 (1997)
scoring scored without knowledge of the treatment or control group) OECD 479 (1986)
In vitro mammalian Assay should be usually be conducted in the presence and absence | OECD 473 (1997)
cell assays of an appropriate exogenous metabolic activation system

Cytotoxicity should be determined in the main experiment

At least three analyzable concentrations should be used
Maximum dose determined by toxicity or 5 ug/ml, 5 mg/ml or 10
mM for soluble non-toxic test materials

Individual culture data should be provided & b°
In vivo mammalian Five analyzablc? ammals per group. Slngl @x may@"use@ﬂere %@EC I (1997)
assays are no substantial difference in toxicity een séees @}’OE 4 (1997)
D

YA

Limit dose f -toxic subst: 00 fi °
imit dose for non-toxic substances ot@ mg8& for ﬁ@nem\@
up to 14 days and 1000 mg/kg for tre@ments Jowber thay 4 dayk, A

U

In vitro chromosome | Treatment for 3-6 hours in one expERment % harv@@at 1.4pell &WECD 473 (1997)
aberration cycles. If negative a second ex& ent wit con{{\n? ous trattent <§
for 1.5 cell cycles % I L .©

A Cs
Scoring of at least 200 meta{ﬁ@ses id@y di;&?@a be%&g)ﬁ
@ o N <

duplicate cultures P

& @
In vitro sister Treatment for 1-2 hours™sg o twgpeell cyc> Wit%%ﬁ\/est a%\f/ two | OECD 479 (1986)
chromatid exchange cell cycles in the presgiee of b@lodeox@ridine ©

Scoring of 25 metaphases per@lture (& per mentgxdup)

In vitro micronucleus | Most active agen tectv treatthent fog 3° hour@vith harvest | OECD 487 (2010)

at 1.5-2 cell cy aftey thea tn e ed tre‘@nent for 1.5-2

cycles in the a@sence Sf thetabegic actiya@y is ajSvused
Scoring ofafRast 2080 binucteated ce;ﬂ@; or cellsfor micronuclei
for each trémen( § Q ontrof@roup X &

In vivo bone marrow Single ment@?ﬁ firs@’rvest 1%5 cel@ycles after treatment OECD 475 (1997)

chromosome and nd h@st 24 WQur late@Q smgl@rvest 1.5 cycles after
aberration last eatmegyfor mukgple daily eatm@@
Three dosQevels ugnlly r%@lmen(@ except when limit dose
produceg%\b) toxi R ©
Concurrent es of &dimal gQicity and toxicity to target cells

At least 100 ®&)ls analgFd pefaimal
Individual animal d&@s‘hou]@}pe reported

In vivo erythrocyte Three dose level@j first @npling time OECD 474 (1997)
micronucleus @

treatment or one h 18-24 h after final treatment if two or more

Treatment once with %ast 2 harvests usually at 24 and 48 h after
daily treatments are% sed

Scoring of 2000 immature erythrocytes per animal or 2000 mature
erythrocytes for treatments of 4 weeks or longer

Table 2 presents a summary of genotoxicity test results for glyphosate and GBFs published subsequent to
Williams et al. (2000). Test results are organized by the major genotoxicity assay categories of gene
mutation, chromosome effects and DNA damage and other endpoints. Major features presented for each
publication are the assay endpoint, the test system, the test material, the maximum dose tested and
comments relevant to the reported conduct and results of the assay. For brevity, earlier reviewed
individual publications of genotoxicity study results are referred to by citation of (Williams et al., 2000)
rather than the original references reviewed in (Williams et al., 2000).
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Table 2. Genetic Toxicology Studies of Glyphosate and Glyphosate Formulations Published On or After 2000

Endpoint Test System Test Material | Maximum | Result Comment® Reference
Dose
In Vitro Gene Mutation
Point mutation | Ames strains Perzocyd 10 2 ug/plate Negative TA1535 not Chruscielsk
SL (toxic) used aetal.,
formulation 2000
Wing spot test | Drosophila glyphosate 10 mM in Negative/ Negative or Kaya et al.,
(96%) larval stage | inconclusive® | inconclusive in 2000
crosses not
sensitive to
recombination
events
In Vitro Chromosome Effects—Mammalian Systems
Cytokinesis Bovine Glyphosate 560 uM @ﬁve? PH, MA, SC, deSova,
block lymphocytes formulation 48h-S9 Q @° &’ %@ 04
micronucleus (62% @é% oA 9 X N\
N NS
glyphosate b ) ,\E) . o\©
Monsanto @ Q N @ K
source) Y (&@ QO |n’ 4(©
Cytokinesis Bovine Glyphosate 56@@1 ~Positjves \%H, SC;@ Piesova,
block lymphocytes formulation 48@}—89 % Ne@e q & 2005
micronucleus (62% @ -S9 @Q Neggtive @ AN
glyphosate % h +S@ & &g &
Monsanto \@: «@% 9 © @J)@
souree) R, | &Y & @y (g
Chromosome Mouse spleen | herbazed Q’ @W" & Pos{Gve Q Concentrations Amer et
aberration cells formulag®l @ °$\7\7 @ $ used not clear. al., 2006
Q & B Q| PH.MASC
& A TO, RE
Chromosome Bovine pho A 1@ mM Q&\ JNeg\g@?/e Chromosome 1 Holeckova,
aberration lymphocytes mul @n oxic) 7 (@) FISH analysis. 2006
D (62% % 9 24 h % @»& PH, MA, PC,
Q\ 21y ate) ol O & SC, TO,RE
& Mon anto © @
rce @) A
Chromosome Bovine %Q\,ks}lyph@‘{e .12 mh> Negative PH, MA, SC, Sivikova
aberration lymphocytes f tion &’ (tox@ RE and
@ ( Dianovsky,
y hos® 2006
Monsan}y @
sourc&) 2
Chromosome Human Glyphosate 6mM (not | Negative MA, IC, RE Manas et
aberration lymphocytes (96%) ((% toxic) al., 2009b
Cytokinesis Human Glypho‘%ﬁe 580 ug/ml. | Negative SC,RE Mladinic et
block lymphocytes (technical, (toxic) (-S9) al., 2009a
micronucleus 96%) (est. 3.43 Positive
mM) (+S9)
Cytokinesis Human Glyphosate 580 ug/ml. | Negative SC,RE Mladinic et
block lymphocytes (technical, (toxic) (-S9) al., 2009b
micronucleus 96%) (est. 3.43 Positive
mM) (+S9)
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Endpoint Test System Test Material | Maximum | Result Comment® Reference
Dose
In Vitro Chromosome Effects— Non Mammalian Systems
Chromosome Onion root tip | Roundup 1% active Negative TO, IC,RE Dimitrov et
aberration meristem formulation ingredient al., 2006
(Bulgaria) (estimated
4459
mM)
Micronucleus Onion root tip | Roundup 1% active Negative TO,RE Dimitrov et
meristem formulation ingredient al., 2006
(Bulgaria) (estimated
44-59
mM)
In Vivo Chromosome Effects—Mammalian Systems
Bone marrow Mouse Glyphosate 300 mg/kg @ative DL, TO, SC, scielsk
erythrocyte ip. o )RE_¢5° @ et al.,
micronucleus @é%@) ﬁ\’\@ < @ °§32000
Perzocyd@ Neg@gve 4\&)’ DL, @SC,o\Q
SL @ | 0 9| M O
formuddyion (&@ Q |»n’ 4(©
Bone marrow Mouse Roundup 69 2 xo@ ~Negative?) Q@, SC@ RE [ Coutinho
erythrocyte formulation méikg ip. % é?\? q & do
micronucleus @ @Q @ @ A Nascimento
S e |l S 2 and
°\@= «@% 9) © @J)@ Grisolia,
O I A < e S 2000
Bone marrow Mouse Roundup® @\§00 &) Nedatve Q TO, SC, IE, RE | Grisolia,
erythrocyte formul, -\@;’ @g/k g ﬂ%’ W $ 2002
micronucleus (Mon$siito) &657 R X D
Bone marrow Rabbit R up M | 75 m igl ©§ osithee? DL, PC, TO, Helal and
Chromosome f@nulati% ing @ 0@9 SC,IC Moussa,
aberration b K%) oxater K 2005
Bone marrow Mouse D Herba 3y 8\\50 Mgk @gative TO, SC, RE Amer et al.,
Chromosome Q\ fo@ tion IS ip. Y5 <§ 2006
aberration & 4% da
D @
J @phos & Q ®)
B (@9 Y00 m ke Positive
N
\@ Q) oral Q,7,
Q @ 1%@@ 21
@\ dayy)
Spermatocyte Mouse Herbaz@v 4 mg/kg Negative TO, SC, RE Amer et al.,
Chromosome formi@tion Q@lp (13,5 2006
aberration (84% days)
glyphosa@
% 100 mg/kg | Positive
oral (1,7,
14, and 21
days)
Bone marrow Mouse Roundup 1080 mg/kg | Negative DL, TO, IC, RE | Dimitrov et
Chromosome formulation p-o. (172 al., 2006
aberration (Bulgaria) LDsg)
Bone marrow Mouse Analytical 2 x 200 Positive Erythrocytes Manas et
erythrocyte glyphosate mg/kg i.p. scored? al., 2009b
micronucleus (96%) TO, SC, IC, RE
Bone marrow Mouse Roundup™ 50 mg/kg Positive DL, SC,IC, RE | Prasad et
Chromosome formulation 1.p. al., 2009
aberration (Monsanto)
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Endpoint Test System Test Material | Maximum | Result Comment® Reference
Dose
In Vivo Chromosome Effects—Non-Mammalian Systems
Erythrocyte Oreochromis Roundup 69 170 mg/kg | Negative?® 10, RE Coutinho
micronucleus niloticus 1.p. do
(Tilapia) (maximum Nascimento
tolerated) and
Grisolia,
2000
Wing spot test | Drosophila Glyphosate 10 mM in Positive/inco Kaya et al.,
(96%) larval stage nclusive® 2000
Erythrocyte Tilapia Roundup™ 170 mg/kg Positive TO, RE Grisolia,
micronucleus formulation (abdominal 2002
(Monsanto) injection)
Erythrocyte Crasseus Roundup 15 ppm @tive TO,IE,RE ?\?as and
micronucleus auratus formulation glyphosate 1 @° @ &’ %0 onen,
(goldfish) in water Q6 20 §© @% @\vzom
4and 6 @@ 4\C)’ @ RN
Prochilodus Roundup™ i Cavalcante
lineatus formulation etal., 2008
(tropical fish) (75% of 96 h
1L.C50)
Erythrocyte Caiman eggs Roundup® @itiv : Poetta et al.,
micronucleus Full IT °\@= «@% D © @J) 2009
formulatiofiy, A & S q
Erythrocyte Caiman eggs Roundu !»‘ Spyayed 2y PosiQve Q DL, TO, RE Poetta et al.,
micronucleus Full 11 @ith 10 | @ $ 2010
r@on DNitresef, N}\% Q
3% 0, ©§ N
apargN o @
In Vitro DNA Damage Mammalia@ystem\@ @ NG O
Alkaline SCGE | GM38 humay_€}) GlyppSate S%.S m@ @pvitive MA, PH, TO, Monroy et
fibroblasts a@ (t@ cal @ Q <§ SC,RE al., 2005
HT1090 ©) &
human J @ @@ Q ©
fibrosarcoma %o N (&)
Sister mouse spleen her: @d 5y 50 MM? Positive Concentrations Amer et al.,
chromatid cells fz@n latign®@ K@ used not clear 2006
exchange @\ MA, PH, TO,
S L@ SC, RE
Sister bovine Glypﬁ@ate @@1.12 mM Positive PH, SC, RE Sivikova
chromatid lymphocytes formulatiot% (toxic) and
exchange (62% Dianovsky,
glypho 2006
Monsanto)
Alkaline single | Hep-2 cells Glyphosate 7.5 mM Positive MA, PH, RE Manas et
cell gel (analytical, (limited by al., 2009b
electrophoresis 96%) toxicity)
(SCGE, comet)
Alkaline SCGE | Human Glyphosate 580 ug/ml Positive (- Mladinic et
lymphocytes (technical, (toxic) S9) al., 2009a
96%) (est. 3.43 Positive
mM) (+S9)
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Endpoint Test System Test Material | Maximum | Result Comment® Reference
Dose
In Vitro DNA Damage Non-Mammalian Systems
SOS E. coli Roundup BIO | 2.5 Positive Raipulis J,
formulation ug/sample 2009
Alkaline SCGE | Tradescantia Glyphosate( 700 uM Positive PH, SC Alvarez-
flowers and technical, Moya et al.,
nuclei 96%) 2011
Bone marrow Mouse herbazed 200 mg/kg Positive TO, SC, RE Amer et al.,
SCE formulation p-o. 2006
(84%
glyphosate)
Sperm Mouse herbazed 200 mg/kg Positive TO, SC, RE Amer et al.,
abnormality formulation p-o. 2006
(84% (5 days) b"
glyphosate) (QW@ o D & @
In Vivo DNA Damage Non-Mammalian Systems RN A @ N
Erythrocyte Freshwater Roundup 5 mg/litelb Negégive 4\@7’ TO, @ °§\\» Conners
Alkaline SCGE | mussel larvae | formulation %@ (@@ &\ § and Black,
7
S 5 D & 2004
Erythrocyte Crasseus Roundup 15t ﬁ”osit&vgc;) N[O, RE Cavas and
alkaline SCGE | auratus formulation g osati % @ N\ &) Konen,
(2oldfish) @water@%’) @) @ S 2007
% and x> @ %
Q@ 17 & e
g day o) O g
Erythrocyte Prochilodus Roundup™®,, | 1 6, < Posit@ (ﬁL, TO, RE Cavalcante
and gill cell lineatus formulaty &@and 245 @ @ etal., 2008
alkaline SCGE | (tropical fish) (75% h @ in W’&f @ @
LC5 ORI -©
Erythrocyte Caiman Rogpdup®”, | 17500 N @gPositﬁs@ RE Poletta et
alkaline SCGE | eggs/hatchling & g g OF al., 2009
s @?formg@ion %) N O
Erythrocyte European eel, &) Rou 66 p@r @sitive DL, SC,RE Guilherme
: S ion. e N
alkaline SCGE & | for@mlation @) K etal., 2010
Erythrocyte Caiman undup% Spieyed 2@ Positive DL, RE Poletta et
alkaline SCGE | eggs/hatchling | 1 & @th 10 al., 2010
s 1 fornfaftion,, | Sf 3%/@30
@ @yl days@part
O

NG
MA, Mammalian metabolic activaﬁ@yst

PH, no indication of pH or osmola@ contgpy

DL, less than three dose levels u

; PC,@ concurrent positive control;

e not used and short exposure not used;

TO, no concurrent measurement of tox%ty reported or toxicity not observed for highest dose level;

SC, independent coding of slides for
IC, less than 200 cells scored per t@m

aberrations.;
IE, less than 2000 erythrocytes scored per animal;
RE, results not reported separately for replicate cultures or individual animals;.

other crosses.

judged negative.

3. Structure Activity Analysis
Glyphosate was evaluated using Derek for Windows (Llhasa Ltd., Leeds, UK, Version 11.0.0, October 24,
2009). No structural alerts were identified for chromosome damage, genotoxicity, mutagenicity or
carcinogenicity. This small molecule consists of the amino acid, glycine, joined with a phosphonomethyl
group. These moieties are not known to be genotoxic; therefore, the lack of structure activity alerts for
glyphosate is expected.

ing not indicated for visually scored slides;
ent or less than 100 metaphases scored per animal for chromosome

Positive for small wing spots only in one cross. Negative or inconclusive for all spot categories for three

Statistically significant increase in micronucleated PCE frequency only at mid dose level but overall result
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4. Gene Mutation

As reviewed by Williams et al., (2000), most gene mutation studies for glyphosate and GBFs were
negative. Gene mutation assays included numerous Ames/Salmonella and E. coli WP2 bacterial reversion
assays, Drosophila sex-linked recessive lethal assays and a CHO/HGPRT in vitro mammalian cell assay.
Of fifteen gene mutation assays reported, there were only two positive observations. A reported positive
Ames/Salmonella result for Roundup formulation was not replicated in numerous other studies. There was
one report of a positive result for a GBF in the Drosophila sex-linked recessive lethal assay but this was
contradicted by a negative result for the same GBF in this assay reported by another laboratory. Further,
the positive study had some features that hampered interpretation, including the lack of concurrent
negative controls (Williams et al., 2000).

Subsequent to the Williams et al. (2000) review only two gene mutation studies have been reported (Table
2). One negative Ames/Salmonella assay result was reported for a GBF of undefined composition,
Percozyd 10 SL (Chruscielska et al., 2000). Although this It is consistent with a large @ﬁnber of
negative Ames/Salmonella results for glyphosate and GBFsQhe regyyfted @ ignificant

limitations. One of the recommended test strains, TA1535%wWas n&sed d resli@wer, X Iy presented
as “-“ without presentation of revertant/plate data. A §®tive It f yphw@e y&eported in the

Drosophila wing spot assay which can indicate both muigyon a itgtigyyeco ation endpoints
(Kaya et al., 2004). Small increases in small wing sgg freq@ncies @gte rved @ne of four crosses
of larvae treated with up to 10 mM glyphosa(z@The ck o posi&'v responise in the balancer-
heterozygous cross offspring, which are insensitigg to mifedic re@ina@n evé&% suggests that there is
no evidence for effects on gene mutation endpo‘%nt eve§ suclgs 1ntrq®ic m@ations or deletions in this
publication. o\@ © @

These gene-mutation publications add vegy lirn@«@, dataCyo0 theigh& evidence conclusion that

&

lyphosate and GBFs do not pose signifj, risk en@&nutatidy>

- o g O
5. Chromosome Effects S &@, A ﬁ%
lﬁ? as ~qict 0

Assays to detect chromosome efférts s @ uL& ome aberrations and micronucleus
incidence constitute a second mgj gen@dcit %:%fdpoilﬁ\catego - A large number of publications with
chromosome effects endpointg have h%n re d sin% the %%iams et al. (2000) review. These are
described in Table 2 and ar °@)ar nto @ious systgiiPcategories which include in vitro cultured
mammalian cell assays, i D¥ro testy'in notdbmami@glian ems, in vivo mammalian assays and in vivo
assays in non-mammalian sy?ﬁ AD ophi@wing test (discussed previously) is also included in
this category because results leva% 0 s@lc e ination.
@
5.1 In vitro Chromosome Effect o @© KQ&
Two human and one bovine in vitro peﬂ@}r?é‘%;nphocyte chromosome aberration studies of glyphosate

were considered in the earlier review (Willia t al., 2000). One human lymphocyte in vitro study had
negative results for glyphosate tested uff to ap@oximately 2-3 mM (calculated from reported mg/ml) in the
absence and presence of an exogenous macl%nalian activation system. The other two studies with human
and bovine lymphocytes and no meta@ activation system reported positive results at concentrations
more than two orders of magnitude lower. The earlier review noted several other unusual features about
the positive result studies including an unusual exposure protocol and discordant positive results for
another chemical found negative in other laboratories.

As indicated in Table 2 both positive and negative results have been reported for glyphosate and GBFs in
the nine in vitro chromosome effects assays published after the Williams et al. (2000) review. It is
noteworthy that many of these studies have various deficiencies in conduct or reporting compared to
internationally accepted guidelines for conduct of in vifro chromosome aberration or micronucleus studies
(see Table 1). Perhaps the most significant deficiency was that coding and scoring of slides without
knowledge of the treatment or control group was not indicated in seven of nine publications. This could
be a deficiency in conducting the studies or perhaps a deficiency in describing methodology in the
publications. Other common deficiencies included failure to indicate control of exposure medium pH, no
use of exogenous metabolic activation and no reporting of concurrent measures of toxicity.
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5.1.2 Results for glyphosate active ingredient

Three publications reported testing of technical glyphosate for micronucleus or chromosome aberration
endpoints in cultured human lymphocytes (Manas et al., 2009b; Mladinic et al., 2009a; Mladinic et al.,
2009b). Negative results for the micronucleus or chromosome aberration endpoints were observed in the
absence of exogenous metabolic activation (S9) in all three publications. The maximum exposure
concentration in the absence of S9 was in the range of 3-6 mM in these studies.

Two publications by one author reported cytokinesis block micronucleus results for cultured bovine
Iymphocytes treated with what was reported as 62% by weight isopropyl amine salt of glyphosate from a
Monsanto Belgium source (Piesova, 2004; Piesova, 2005). This test material appears to be a
manufacturing batch of the isopropylamine salt of glyphosate in water without surfactants, which is not
sold as a GBF. In one publication no statistically significant increases in binucleated cell micronucleus
frequency were observed with 24 hours of treatment (Piesova, 2004). For 48 hours of treatment a
statistically significant increase in micronucleus frequency was observed in one donor at 280 uM but not
at 560 M and in a second donor at 560 pM but not 280 uM e second pyblication report flegative
results for the cytokinesis block micronucleus assay in bo lyn@locy @h lyphosate
formulation up to 560 uM for two hours in the absence an senég t a 1 mal ic activation
system (Piesova, 2005). This publication also reported &itw Its 8 h&@ ment without
S9. Curiously, in this second publication the same 1& siste@y dos %,

sponsé\patte as observed in
which a statistically significant increase in micronuclgys freq@ncy w@s 5 obséRed in @m donor at 280 pM
but not at 560 uM and in a second donor at 56@§M b ouM &T e lack ™f a consistent dose
response pattern between donors suggests that resgs» wi "' hou@ of tr ent are questionably
positive. @@

Two other publications found negative resu}@ ‘&0m§m€ alfSratio ‘hdpomt in cultured bovine
Iymphocytes treated with what appears to bgthe s test @terlal 62’%@ weight isopropylamine salt
of glyphosate from a Monsanto Belgi sour @(Hol@gkova QV06; @ﬂ(ova and Dianovsky, 2006).
Both the studies used a maximum co@e of 1. ch W@y reported to cause a decrease in
mitotic inhibition of >50%. Thes h cs hg '» seva llrm@ms including that an exogenous
mammalian metabolic activation g ggx & QNG e d fo me aberration and scoring was not
reported to be on coded slide ion, I%ﬁleckojia (20 only examined effects detectable by
staining of chromosome 1 an eport 1t1ve<§)ntrol sults (Holeckova, 2006). Despite these
limitations and the varlable r %@’s the @sults wo studies are generally consistent with a
lack of chromosome ab on effeCts 0 e is ne salt of glyphosate on in vitro cultured
mammalian cells in several ex@ents@ ng h@h toxitNdose levels and exposures of 2-24 hours in the
absence of S9.

One laboratory reported mcreases@ cyto sis-bdocked micronucleus frequency in cultured human
Iymphocytes exposed to glyphos or 4 J@urs i @e presence of an exogenous human liver metabolic
activation system (S9) in two pub icathqDs \ dlnlc et al., 2009a; Mladinic et al., 2009b). In both
publications a statistically significant j eas Imcronuclel was observed with S9 at the highest dose
level of glyphosate tested (580 pg/ . Increased proportions of centromere- and DAPI-
positive micronuclei were observed for Lh%hlgh dose with S9 suggesting that the induced micronuclei
were derived from chromosomes rathefn chromosome fragments. Statistically significant increases in
the frequency of nuclear abnormalities (buds and bridges) and DNA strand breakage were also observed at
the highest dose tested in both publications. In parallel experiments cytotoxic effects such as early
apoptosis, late apoptosis and necrosis were observed and these effects were uniquely or preferentially
observed in the presence of S9 and at the highest dose level tested (Mladinic et al., 2009a). Also, the
negative control level of such endpoints as necrosis and alkaline SCGE tail moment was significantly
increased in the presence of S9 (Mladinic et al., 2009a). It should be noted that glyphosate is mostly
excreted unmetabolized in vivo in mammals with only very small levels of aminomethylphosphonic acid
(AMPA) or an AMPA-related structure observed (Anadon et al., 2009; Brewster et al., 1991). These
observations suggest that the observations of S9 mediated effects by Mladinic et al. are not likely to be
due to in vivo relevant metabolites. It is possible that such effects might be generated by in vitro S9-
mediated processes that are not relevant to in vivo processes such as genotoxic effects of low pH observed
in the presence of SO in in vifro assays (Cifone et al., 1987). The preponderance of in vitro genotoxicity
studies conducted with exogenous mammalian metabolic activation systems has been negative, including
a previously reviewed chromosome aberration study in human lymphocytes conducted up to a similar dose
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level (Williams et al., 2000) and a bovine lymphocyte cytokinesis block micronucleus study (Piesova,
2005). Overall these results suggest the possibility of a weak aneugenic rather than clastogenic
(chromosome breaking) effect occurring in the presence of S9 at high dose levels of glyphosate. The
pattern of activity as well as the failure to observe activity in several other in vifro genotoxicity assays
conducted with S9 suggests that the activity observed in the Mladinic et al. studies does not have a
significant weight of evidence for in vitro genotoxicity and is not likely to be relevant to in vivo
genotoxicity.

The recently published results for mammalian in vifro chromosome aberration and micronucleus assays
demonstrate a weight of evidence that technical glyphosate and glyphosate salt concentrates are negative
for these endpoints in cultured mammalian cells in the absence of an exogenous mammalian metabolic
activation system. Five publications from four laboratories report negative in virro mammalian cell
chromosome or micronucleus results in the absence of exogenous activation while three publications from
two laboratories report positive results. These results reinforce the Williams et al. (2000) conclusion that
positive chromosome aberration results reported for glyphos@ln cultured human lymphoc@s in the

absence of an exogenous metabolic activation system are abe, ¢

Recent reports of positive chromosome aberration and mic cleﬁ%@%sul g ¢l sat e presence
of an exogenous mammalian activation system in cu@jure an J ph@ None laboratory
(Mladinic et al., 2009a; Mladinic et al., 2009b) have I&‘hbsta@ u01b1ﬁvy vergfigation from other
laboratories in the recent in vitro chromosome effe studle@onsu@ed s re@ because most of
the studies performed by other laboratories (Tabl empl genou mmalian activation
system. These results are discordant with one p ous v1e resul emo ting a negative result
for glyphosate in cultured human lymphoc es all etab@c activation using the
chromosome aberration endpoint (Wllllams gatlx@e ulp Bthe presence of S9 for the
micronucleus endpoint in bovine lymphocgtgs (Pl e@s consistent negative results
for glyphosate and GBFs in gene mutaiyon stu@ wh@l e ‘@fed e%@enous mammalian metabolic
activation and careful examination sugg‘es S p@l ive results indicate a possible
threshold aneugenic effect associated Wi ﬁQ oxicigrath a ]@A-reactive mechanism resulting in
chromosome breakage. Thus, the @gight Z%i’d T Lhex vztrromosome effect assays indicates a

lack of DNA-reactive clastogeni@rom@me effde \

©
N
5.1.3 Results for GBFs X\ % % @ @

Amer et al. (2006) repor ﬁ%osm’m vzt@ chro@)somrration effects in mouse spleen cells for a
formulation described as herb 1%@w rgported ontain 84% glyphosate and 16% solvent, an
unusually high glyphosate co tar%?. or a %wmul . The test material is not further characterized,

()

lacking description of the glyphos t foraand igert ingredients. The glyphosate concentrations used
in the study are not clear becau ere.d@ diffgfnt descriptions of the concentration units (M or M
glyphosate/ml medium) in the publicatigiy \Th ¢ maximum concentration might have been 5 x 10° M
(50 uM) or 5 x 10°M glyphosate/ml d1um mM) The former concentration, which was reported
as toxic, would indicate effects at co centr@ons well below those typically found toxic for GBFs in
cultured mammalian cells. The latter level<®f 50 mM would be well in excess of the limit level of 10 mM
recommended in OECD guidelines (0@473, 1997). In addition to a question about the concentration
used there are several other limitations t® the reported study including no indication that pH of treatment
solutions was controlled, no use of a mammalian metabolic activation system, no reported concurrent
toxicity measurements and no reported use of coded slides for scoring. Given these limitations, the
uncertainty about the concentrations used and the nature of the test material, these results should not be
considered to have significant relevance or reliability with respect to glyphosate or GBFs.

In addition to in vitro mammalian cell studies there is also a report of negative results for the chromosome
aberration and micronucleus endpoints in onion root tips incubated with a Roundup formulation (Dimitrov
et al., 2006). The maximum exposure concentration (stated as 1% active ingredient) is estimated to be on
the order of 4-6 mM. This study did not employ an exogenous mammalian metabolic activation system;
however, it does provide evidence for a lack of chromosome effects for glyphosate and a GBF in a non-
mammalian in vitro system. The result agrees with earlier reported negative onion root tip chromosome
aberration results for glyphosate but is discordant with earlier reported positive results for a Roundup GBF
in this system (Williams et al., 2000).
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5.2 Invivo Chromosome Effects—Mammalian Systems

The Williams et al. (2000) glyphosate toxicity review presented results from in vivo mammalian
chromosome effect assays. Results from several mouse bone marrow erythrocyte micronucleus studies of
glyphosate and GBFs (e.g. Roundup, Rodeo and Direct) were negative for micronucleus induction. These
included studies from different laboratories mostly following modern guidelines. The intraperitoneal (i.p.)
route was used for most of the negative studies and maximum doses for many of the studies were toxic or
appropriately close to LD50 values. In addition to i.p. studies a 13 week mouse feeding study was also
negative for the micronucleus endpoint with an estimated maximum daily glyphosate dose of over 11,000
mg/kg/day. There was one published report of a weak positive mouse bone marrow micronucleus
response observed for glyphosate and Roundup GBF. This study, which employed a smaller number of
animals per group than other negative studies, was clearly aberrant from the numerous other negative
studies not only in micronucleated cell frequency finding but also the finding of altered polychromatic
erythrocyte to normochromatic erythrocyte (PCE/NCE) ratios. The overall weight of evidence from the
earlier reviewed studies was that glyphosate and GBFs wei® negative in_the mouse bo®°marrow
erythrocyte micronucleus assay. The earlier review also not negagy’e {@J@’ dm@}]t 15@1 result for
glyphosate administered by gavage at a maximum dose levehgt 20 o/k NS

As indicated in Table 2, there are numerous subsequent @blic iAs of W ivo-iInmafiat chromosome
effects assays. With one exception, all of the in vivog@@amma@gn st S wWe
using either the bone marrow chromosome aberratiogpr mia@nucle@end@]ts. I@bould be noted that
there are some fairly consistent limitations in thg%«@mrte%on(gf thgse studjgs ®ompared to OECD

an

guidelines. In most studies concurrent indicatim@ f to y (0 tha ects"sir the bone marrow) are
not reported, coding of slides for scoring is not feportegs mdivi g@] data@ye not reported and fewer
than recommended cells or metaphases per a&%alé@ scor Othe@imitagﬁs encountered include use
of only a single or two dose levels rather thag thre

5.2.1 Results for glyphosate active ing ient N N
Two publications reported results fgs el te i%she m@%& bon@*narrow erythrocyte micronucleus
assay. Negative results were re§@ed in One wk@ use dose of 300 mg/kg of glyphosate

administered once 1.p. with sacrifiees at 245 48 andv/4 hoﬁt;s aftepdosing (Chruscielska et al., 2000). This
study had some limitations ingluding t,% useg@bnly &%e dog&Jevel, no reporting of toxicity other than
PCE/NCE ratio, no reported eqdin fBides ©r scoriyg and &?
2000 PCE’s per animal 1&g omm%ded b&EC]@guid g
results for glyphosate admini?jtigat 50.@0 an@ZOO ol
with sacrifice 24 hours after eco ose (Mranas &5
micronucleated erythrocytes was ohg@ved i high dose group. This study had limitations comparable
to the negative study. A mor@l nifigdt po@ial difficulty with this second publication is that
“erythrocytes” rather than polychromatie}@@%hr tes were indicated as scored for micronuclei. This does
not appear to be a case of using “ergﬁocyt@ to mean polychromatic erythrocytes because the term
“polychromatic erythrocytes” is used SewheX in the publication describing measurements of PCE/NCE
ratios. Scoring of total erythrocytes inst@%d of immature polychromatic erythrocytes for micronuclei
would be mappropriate in an assay wi e stated treatment and harvest times because of the transient
nature of micronucleated PCE’s in bone marrow (OECD474, 1997).

There is no definitive explanation for the discrepancy between the two publications. Although one study
used a single dose with multiple harvest times and the second used two doses and a single harvest time,
both are acceptable protocols and would not be expected to lead to such discordant results (OECD474,
1997). The negative result reported for the 13 week feeding study in the earlier review (Williams et al.,
2000) confirms that positive results are not simply due to repeat dosing. The reported negative result
(Chruscielska et al., 2000) seems to be in accord with a majority of earlier reviewed mouse bone marrow
micronucleus studies of glyphosate using similar doses and the i.p. or feeding routes (Williams et al.,
2000). Also, the apparent scoring of micronuclei in erythrocytes rather than just polychromatic
erythrocytes raises a significant methodological question for the reported positive study.

5.2.2 Results for GBFs
There are several publications reporting in vivo mammalian bone marrow chromosome abetration and
micronucleus endpoint results for Roundup GBFs. Three publications report negative results for Roundup
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branded GBF in mouse chromosome aberration or micronucleus assays. Negative results were reported
for two different Roundup branded GBFs administered at 2 x 200 mg/kg i.p. in mouse bone marrow
erythrocyte micronucleus assays (Coutinho do Nascimento and Grisolia, 2000; Grisolia, 2002). The
second study did not report coding of slides for scoring. Another publication reported negative results in
mouse bone marrow studies for both the chromosome aberration and erythrocyte micronucleus endpoints
(Dimitrov et al., 2006) using a dose of 1080 mg/kg administered orally (p.o.). In contrast, one publication
reported positive results for Roundup GBF in mouse bone marrow for the chromosome aberration and
erythrocyte micronucleus endpoints using a single maximum dose of 50 mg/kg 1.p. (Prasad et al., 2009).
Both the positive results and the magnitude of the increases in the chromosome aberration and
micronucleus endpoint reported in this study are remarkably discordant with other reported results for
Roundup and other GBFs in mouse bone marrow chromosome aberration and erythrocyte studies in a
number of laboratories and publications (Table 2 and Williams et al., 2000). The reasons for this
discordance are not clear. One unusual feature of the positive study is that the Roundup GBF was
administered in dimethylsulfoxide. This is an unusual vehig€>to use in in_vivo genotoxic@%mdies,
particularly for glyphosate which is water soluble and especifBy so igyyf for ted@éucg@ published
toxicity study found that use of a dlmethylsulfoxldelo%§e oitg\?‘wehic e By th>SLp. @te produced
dramatically enhanced toxicity of glyphosate formulatlon@ the ] a ey w1ds® ¢l ate compared
to saline vehicle and that the enhanced toxicity observ ith gy vehigl was 13 obseryed when the oral

.
route was used (Heydens et al., 2008). These obse@ations@ggesat L%of D%@ as a vehicle for
£ xic

administration of formulation components by th%ﬁ? rou%mlgh odug effects that are

QY

not relevant to normally encountered exposuresgyReg ¢ redq@gphs tonghe discordant positive
results it is clear that a large preponderance oﬁ%ewd es @GBF@;&I&: typically negative in
mouse bone marrow chromosome aberrat10n> cyte ays. ©

One publication reported positive results f@gbone ow @romo@ne ab@yation in rabbits administered

Roundup GBF in drinking water at 7 pm %) .. an @Ioussa 2005). This study is
relatively unique in terms of species ou dmﬁ%ﬁratl n.“The @ Its do not report water intake in
the test and control groups. Given po g % ter tabll 1ssues with a formulated product,
this is a significant shortcoming, as@ly ef eCts notgh a ble to dehydration (Saunders, 2005).
This study had further limitatio clu the 1§\§e of offly a sifisle dose level and not coding slides for
scoring. Examination of the ¢h mo tlon s%mng #eSults showed that large increases for the
treated group were obserg @ eri fQ) enuation” which were included in the
summation and evaluatlo struct chr 0S0 erralton effects. Ordinarily gaps are scored but are
not recommended for 1nclusmr§®tal atiop{reque {6y and centromeric attenuation is not included in
ordinary structural aberrationsxQPEC , 198% Savga®, 1976). These unusual scoring and interpretive
features raise significant questions K t u31@ is s@dy to make conclusions about clastogenicity of the
GBF tested.

Two other publications report in vivo Ma chromosome aberration or micronucleus results for
GBFs. An uncharacterized GBF, Pe yd 184, was reported to be negative in a mouse bone marrow
erythrocyte micronucleus assay (Chru elsk@t al., 2000). The maximum dose level tested, 90 mg/kg
1.p., was reported to be 70% of the i.p LD s determined experimentally by the authors. This study had
several limitations including use of less %ﬁ% three dose levels and no reported coding of slides for scoring.
Positive results were reported for another uncharacterized GBF, herbazed, in mouse bone marrow and
spermatocyte chromosome aberration studies (Amer et al., 2006). No statistically significant increases in
aberrant cells were observed in bone marrow cells for i.p. treatment of 50 mg/kg for 1, 3 or 5 days or in
spermatocytes for 1 or 3 days treatment. Statistically significant increases in frequency of spermatocytes
with aberrations were reported for 5 days of treatment with 50 mg/kg (i.p.). Oral treatment of 50 mg/kg
and 100 mg/kg were reported to produce increases in aberrant cell frequency in bone marrow cells after
extended treatments (14 and 21 days) but not after shorter 1 and 7 day treatments. Similarly, significant
increases in aberrant cell frequencies of spermatocytes were reported at 14 and 21 days of 50 mg/kg oral
treatment (negative for 1 and 7 days treatment) and at 7, 14 and 21 days of 100 mg/kg treatment (negative
for 1 day treatment). Although not a genotoxic endpoint per se, it should be noted that statistically
significant increases in frequency of sperm with abnormal morphology were also observed in mice treated
with 100 and 200 mg/kg p.o. for 5 days. The positive results for the uncharacterized herbazed GBF were
only observed after extended oral treatments (bone marrow and spermatocytes) and extended i.p.
treatments (spermatocytes). The fact that positive results were not observed in an erythrocyte
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micronucleus test of mice treated with glyphosate up to 50,000 ppm in feed for 13 weeks (Williams et al.,
2000) provides direct evidence that extended glyphosate treatment by the oral route does not induce
detectable chromosome effects. This treatment was longer and up to much higher glyphosate exposures
than those used for the Amer et al. (2006) studies. Thus, it appears likely that these effects were due to
some component(s) of the specific herbazed GBF tested rather than glyphosate.

In vivo mammalian assays for chromosome effects are an important category for characterizing
genotoxicity that complements the gene mutation category. While some positive results have been
reported the preponderance of evidence and published results are negative for glyphosate and GBFs.

5.3 In vivo Chromosome Effects—Non-Mammalian Systems

The Williams et al. (2000) review reported a few in vivo plant assays for chromosome effects in non-
mammalian systems. These included negative results for glyphosate and positive results for Roundup
GBFs for chromosome aberrations in an onion root tip assay and negative results for glyphosate w1th the
micronucleus endpoint in a Vicia faba root tip assay.

Subsequent to the earlier review a number of publications ®0rted@§ult ery ytg ronucleus
assays conducted on GBFs in several non-mammalian fish akd rep s 1th°@sc0r esults. One
publication reported apparently negative results for the@r e \xn te Oreochromis
niloticus (Nile tilapia) administered a test material des ed as@ound \3\' GBﬁ, at a&er dose of 170
mg/kg i.p. (Coutinho do Nascimento and Grisolgy () ougere S an increase in
micronucleated erythrocyte frequency at the mid Ee lev%thl not srve atdthe high dose level
and considerable variability in frequencies in ren ups no ive results were also
reported in another fish species (Prochilodus lz%atus) pose llter E@undup branded GBF for

6, 24 and 96 hours (Cavalcante et al., ZOOS@Thls é@ncen@ on vs@ rep to be 96% of a 96 hour
LC50. Positive results were reported for tlmeryth@te m@onuc s assagyConducted in the fish Tilapia
rendalii exposed to 170 mg/kg i.p. of other@ @ GB rls 2002). Examination of the
micronucleus frequencies in this pub @cated egau@ control micronucleus frequency
was considerably lower than the fr nc;% @1\ 21 @atment groups for 7 different test
materials. This suggests an unus@ally | at least one treatment group was
statistically significantly elevat or e of th test&mater 1nclud1ng many instances where the

statistically significant 1ncrea s wer ot c @ient th a B9 oglcally plausible dose response. The
possibility that the apparen @g ases e d a low negative control value should be
considered for this pubh er pu 1cat1(@rep LY positive erythrocyte micronucleus results in
goldfish (Carassius auratus) ed 10D 1o ]@ppm ghva Roundup GBF for 2 to 6 days (Cavas and
Konen, 2007). The reasons f dant rosults -r,,,Q ot clear for these fish erythrocyte micronucleus

assays of Roundup GBFs. Althoug{@lffer@pem&s and GBI’s were used in the different studies there
were pairs of studies with positivéand n@@ve r@@ts that used similar treatment conditions (170 mg/kg
Lp. or 10-15 mg/liter in water). NS @

Results for an unusual test system of @sed @fman eggs are reported in two publications. In one study
eggs were topically exposed in a labordtory s&ﬁng to Roundup Full IT GBF, and erythrocyte micronucleus
formation was measured in hatchlings (Polé}ga et al., 2009). The GBF tested was reported to contain the
potassium salt of glyphosate and alkOxVylated alkylamine derivatives as surfactants.  Statistically
significant increases in micronucleated ®rythrocytes were observed in hatchlings from eggs treated with
500-1750 pglegg. This system is quite unusual in the species tested and even more so in using an egg
application with measurement of effects in hatchlings. Although there is some experience with a hen’s
egg erythrocyte micronucleus assay using in ovo exposure the erythrocytes are evaluated in embryos with
only a few days between treatment and the erythrocyte micronucleus endpoint (Wolf et al., 2008). In the
reported caiman egg assay there was presumably a single topical exposure followed by an egg incubation
period of about 10 weeks before hatching. Biological plausibility raises questions whether genotoxic
events in ovo can produce elevated micronucleated erythrocyte frequencies detectable after 10 weeks,
given the number of cell divisions occurring in development of a hatchling.

A second publication by (Poletta et al., 2011) described two field experiments evaluating caiman hatched
from eggs in artificial nests that were sprayed on incubation days 5 and 35. Experiment 1 dosed with two
applications of Roundup Full I GBF and experiment 2, twelve months later, with the same dosing
regimen except the second application at incubation day 35 included cotreatment with cypermethrin and
endosulfan formulations. Increases in micronucleated erythrocyte frequency in hatchlings were reported
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for both experiments. Additional measurements of growth showed small but statistically significant
differences in total length and snout-vent length in 3 month old, but not 12 month old animals in both
experiments. Alanine aminotransferase enzyme levels in serum of 3 month old animals in both
experiments were significantly elevated (>2-fold control values). Alterations in these parameters suggest
that the treated groups had some persistent biological differences from control group animals either as a
result of treatment or some other factor. It 1s certainly possible that the micronucleus effects in both
publications are associated with these persistent biological differences rather than from genotoxic effects
induced in the embryos.
One published study reported a weak positive result in a Drosophila wing spot assay (Kaya et al., 2004).
Statistically significant positive increases were only in one of four crosses for small twin spots and not for
the two other wing spot categories (large wing spots and twin wing spots). As discussed above, only
negative or inconclusive results were observed for crosses that were not subject to mitotic recombination
effects. If the result was actually treatment related it only would indicate an increase in recombination
events and not in somatic mutations. °
The above in vivo chromosome effect assays in non-ma llan Wg’ @‘E)rd° @results for
reasons that aren’t precisely defined. Typically these sults° fual Rvweight than
mammalian systems in being predictive of mammalian e 1a11 ce ﬂ% is or practically
no assay experience with these systems in compari w1th ViV mma an cl osome effects
assays, such as the rat or mouse bone marrow chromagyme abration@r ery@ecyte ronucleus assays.
XN
6. DNA Damage and Other Endpoints @§ @ @3® @} °\@@
A number of studies of glyphosate and GBFs fave b@pub d Sl@ ZOO%IhICh used various DNA
damage endpoints in a variety of in vitro o@ in SYs, TQy DN damage category includes
endpoints such as sister chromatid exchangg, and rep@y resp@se in {yCteria, but the most common
DNA damage endpoint encountered W@ e al Y{%gle C ﬁuopheresm endpoint (alkaline
SCGE) also commonly referred to as @ rrlrfassa ine E endpoint has been applied to
both in vitro and in vivo test Systems .y,
In addition to DNA damage there z@e a few port& Lh% tudies which can be associated with
genotoxic effects even though end ts are%flot flC cators of genotoxicity per se. These
include sperm morphology an cm&%nlclty&, dies %

@’ Q
6.1 In vitro DNA Dama §%tdws @ @ @

Some positive results for glyp e or {BFs 1 ndpomt were reported in cultured human and
bovine lymphocytes in the eadyer re (V\ﬁﬁhams , 2000). These results tended to be weak,
inconsistent and with limited ev1de @for d resp se. A number of limitations were observed for the

studies such as the failure to co p}L@ﬂ ab ally low control values. Additional in vitro DNA
damage endpoint results descrlbed m lier geview included negative results for glyphosate in the B.
subtilis rec-assay and in the primary he{%@ocyt t hepatocyte unscheduled DNA synthesis assay.

There are two subsequent publication smg§n vitro cultured mammalian cells and the SCE endpoint.
Positive SCE results were reported for the echaracterized herbazed GBF in mouse spleen cells (Amer et
al., 2006). The dose response patter@ SCE response in this study was similar to the response for
chromosome aberrations in this publicatton. Limitations of this study are in common to those described
above for the chromosome aberration endpoint portion of the study; no indication that pH of treatment
solutions was controlled, no use of a mammalian metabolic activation system, no reported concurrent
toxicity measurements and no reported use of coded slides for scoring. Positive SCE results were also
reported for cultured bovine lymphocytes treated with up to 1.12 mM glyphosate for 24 and 48 hours
without exogenous mammalian metabolic activation (Sivikova and Dianovsky, 2006). The highest dose
of 1.12 mM significantly delayed cell cycle progression with 48 hour treatment. These same
concentrations for 24 h exposures did not induce statistically significant increases in chromosome
aberrations which provides a clear example of a differential response of the SCE endpoint (Sivikova and
Dianovsky, 2006). This is an important consideration in these publications, as chromosome effects are
considered more relevant to genotoxicity than DNA damage.

Positive results for glyphosate are reported for the alkaline SCGE endpoint in three publications. Positive
SCGE results were observed for two mammalian cell lines exposed to glyphosate for 4 hours at
concentrations of 4.5-6.5 mM (GM39 cells) and 4.75-6.5 mM (HT1080 cells) (Monroy et al., 2005).
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These concentrations are close to the upper limit dose of 10 mM generally recommended for in vitro
mammalian cell assays and control of medium pH is not indicated. Characterization of nuclear damage
was done by visual scoring without coding of slides being indicated. Positive alkaline SCGE results were
also reported in Hep-2 cells exposed for 4 hours to 3.5-7.5 mM glyphosate (Manas et al., 2009b). Higher
concentrations of glyphosate were reported to result in viability of <80% as determined by dye exclusion.
As noted for the preceding publication, the concentrations employed were reasonably close to a limit dose
of 10 mM and control of medium pH was not reported. This publication reported negative results for the
chromosome aberration endpoint in cultured human lymphocytes exposed to up to 6 mM glyphosate for
48 hours and it should be noted that in this case an appropriate control of medium pH was reported for this
human lymphocyte experiment. Positive alkaline SCGE results have also been reported for cultured
human lymphocytes exposed to glyphosate at concentrations up to 580 pg/ml (estimated 3.4 mM) for 4
hours (Mladinic et al., 2009a). Effects were observed both in the presence and absence of S9 with
statistically significant increases in tail intensity at 3.5, 92.8 and 580 pg/ml without S9 and at 580 pg/ml
with §S9. A modification of the alkaline SCGE assay e ylng hum; 8 hydroxygu DNA-
glycosylase (hOGG1) to detect oxidative damage only 1n(&@ted s@fstlcm $ﬂ ts on tail
length for treatment with 580 pg/ml with S9. Increases%g nuc a11t1 nuc uds and/or
nucleoplasmic bridges) were also observed at 580 p @ﬂ wi @wto micronucleus
frequency at 580 pg/ml with S9. Measurements of (etal an@pXxid apa01i§> and @tobarbituric acid
reactive substances showed statistically significant, 1@rease@ 580 @g ml the p@nce or absence of
S9. Interpretation of the significance of metaboli @vatl(%effec corqgh ate ¢ observation that
several of the endpoints (alkaline SCGE tail 1ntef@%\t’y an cleaﬁorn@ltles) ded to show increases
in the presence of S9 in negative controls or at e verygowest cent@ns ofgglyphosate. A reasonable
summation of the results in this publication isgﬁhat alkaline S eft&Ys an @her effects such as nuclear
abnormalities, early apoptosis, necrosis and&@,xldat ama@ were@nsmt@ y observed at 580 pg/ml.
@

In addition to mammalian cell studiese a?ubhc&a ns g@tlng@smve alkaline SCGE effects for
glyphosate in Tradescantia flowers angt nugléExpo ($~ URQo 700 @I glyphosate (Alvarez-Moya et al.,
2011) and in the E. coli SOS chron@est for PNAdaihage, @ducon a Roundup BIO GBF (Raipulis J,
2009). Observations of DNA age &plants%xpose%to glyphosate are of questionable significance
because of the herbicidal natu gly;%osate@ the %S ch otest provides only indirect evidence of

DNA damage in a bacterlal@ m, ’ @ @ @

Overall there appear to be a go tudl glyphosate or GBFs have been reported to
produce positive responses indkINA d ge e%omt SCE or alkaline SCGE in vitro in mammalian
cells. Most of these have occu res@ mM concentrations of glyphosate. Although this
dose level range is lower than the%t dg, f IQ&@\/I recommended for several in vitro mammalian cell
culture assays (OECD473, 1997; O OECDA487, 2010), an even lower limit dose of 1 mM

was recently recommended for humagfgarma@gutlcals particularly because of concerns about relevance
of positive in vitro findings observe hlglﬁr dose levels (ICHS2(R1), 2008; Parry et al., 2010). In
addition, many of the studies have llmltatlo% such as not indicating control of medium pH and not coding
slides for visual scoring.

Concerns over the possibility of effgvs induced by toxicity have led to several suggestions for
experimental and interpretive criteria to distinguish between genotoxic DNA-reactive mechanisms for
induction of alkaline SCGE effects and cytotoxic or apoptotic mechanisms. One recommendation for the
in vitro alkaline SCGE assay 1s to limit toxicity to no more than a 30% reduction in viability compared to
controls (Henderson et al. 1998; Storer et al. 1996; Tice et al. 2000). Importantly, dye exclusion
measurements of cell membrane integrity, such as those reported in some of the above publications may
significantly underestimate cytotoxicity that could lead to alkaline SCGE effects (Storer et al. 1996).
Other recommendations include conducting experiments to measure DNA double strand breaks to
determine if apoptotic process might be responsible for alkaline SCGE effects. Measurement of apoptotic
and necrotic incidence were only performed in one publication (Mladinic et al., 2009a) and these
measurements indicated both apoptotic and necrotic processes occurring in parallel with observations of
alkaline SCGE effects. These direct observations as well as the reported dose responses, consistently
suggest that biological effects and cytotoxicity accompany the observations of DNA damage in vitro in



