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that the acutely toxic effects may be caused by the |l surfactant alone, too, and that
toxicity may be even enhanced when complete Roundup formulations were tested.

Furthermore, according to the information available to the Rapporteur, the cases of severe or
even fatal intoxication were related to the ingestion of glyphosate products containing
B surfactant. Sawada and Nagai (1987, Z35531) reported two cases of human
poisonings with surfactants causing clinical signs resembling very much those observed after
ingestion of large amounts of Roundup.

A possible potentiation of toxicity of glyphosate IPA salt and POEA in animals was reported
by I (1991, Z80636) who tested the acute oral toxicity of Roundup
formulations in rats. Using the intratracheal route of administration being of clinical relevance
in cases of aspiration, the same authors observed a marked toxic effect of Roundup and of
POEA alone to the lungs but this was much less pronounced with Polysorbate-80, i.e. another
non-ionic surfactant.

Mucosal irritation in the respiratory tract caused by | NN svrfactant may be also
behind the much lower threshold level for adverse effects of a Roundup formulation as
compared to glyphosate a.i. upon subacute inhalative exposure (see section B.5.3.3.2 in the
monograph, also reported by WHO/IPCS in 1994, TOX9500301).

A statement of the notifier Monsanto was submitted to the Rapporteur in October, 1998. In
this paper, it is suggested that the toxic and cytotoxic effects of polyoxyethylenamine (POEA)
were responsible for the observed adverse effects on health and environment. Since it is an
important objective to use environmentally safe and less toxic products, the polyoxyethylen
B surfactants were replaced at least in some Monsanto products by others. The
company stated that this decision was mainly based on the eye irritation potential and the
aquatic toxicity related to the formerly used substances. Accordingly, in the formulations for
which toxicological data have been submitted as part of the joint dossier of Monsanto and
Cheminova, surfactants of this type are not contained any more. Indeed, cytotoxicity of other
surfactants, e.g. Dodigen 4022, and their potential to cause acutely toxic or irritating effects
are much lower as compared to POEA.

Thus, it can be expected that the replacement of toxic and irritating surfactants like POEA by
other and less critical substances may reduce the risk of death or severe health effects
following intentional or accidental ingestion of glyphosate products as well as the severity of
eye or respiratory tract irritation.

Recently, the notifier Monsanto provided a new assessment explaining that POEA is a group
of chemicals not all capable of causing adverse effects. It is suggested that only particular
substances belonging to this group might be responsible for the toxic effects described in this
addendum. However, since this is clearly relevant for assessment of formulations but not for
health evaluation of the active ingredient, this item hould be considered on a Member state
level.

B.6.4.8 Published data (released since 2000)

B.6.4.8.1 Introduction

An earlier review of the toxicity of glyphosate and the original Roundup™ formulation
concluded that neither glyphosate nor the formulation pose a risk for the production of
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heritable/somatic mutations in humans (Williams et al., 2000, ASB2012-12053). This review
of subsequent glyphosate genotoxicity publications includes analysis of study methodology
and incorporation of all the findings into a weight of evidence for genotoxicity. Two
publications provided limited additional support for the conclusion that glyphosate and
glyphosate based formulations (GBFs) are not active in the gene mutation assay category. The
weight of evidence from in vitro and in vivo mammalian chromosome effects studies supports
the earlier conclusion that glyphosate and GBFs are predominantly negative for this end point
category. Exceptions are mostly for unusual test systems but there are also some unexplained
discordant positive results in mammalian systems. Several reports of positive results for the
SCE and comet DNA damage endpoints have been published for glyphosate and GBFs. The
data suggest that these DNA damage effects are likely due to cytotoxic effects rather than
DNA reactivity. This weight of evidence review concludes that there is no significant in vivo
genotoxicity and mutagenicity potential of glyphosate or GBFs that would be expected under
normal exposure scenarios.

B.6.4.8.2 General review and analysis considerations
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Table B.6.4-28:  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
Wwith each assay
scoring
(i.e. 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 ‘OECD 473 (1997)
cell assays absence of an appropriate exogenous metabolic activation system
L C i olony Son il b Gaipimiingil b 119 HEns @peitien]
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ASB2012-12053) rather than the original references reviewed in (Williams et al., 2000,
ASB2012-12053).

@able B.6.4-29:
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End point Test System | Test Material -_ Result Comment* Reference
Point Ames strains | Perzocyd 10 | 2 ug/plate | Negative "TA1535 not Chrusciels
‘mutation SL (toxic) used kaetal.,
formulation 2000,
(ASB2013-
9830)
‘Wing spot test | Drosophila | glyphosate | 10 mMin | Negative/ Negative or Kaya et al.,
(96%) larval stage | inconclusive | inconclusivein | 2000,
o ‘crosses not (ASB2013-
sensitive to 9832)
recombination
events
| In Vitro Chromosome Effects—Mammalian Systems
Cytokinesis | Bovine Glyphosate | 560 uM Positive? PH,MA,SC, | Piesova,
block lymphocytes | formulation | 48 h-S9 TO 2004
‘micronucleus (62% (ASB2012-
glyphosate 12001)
Monsanto
source)
Cytokinesis | Bovine Glyphosate | 560 uM Positive? PH, SC, TO Piesova,
block lymphocytes | formulation | 48h-S89 | Negative 2005
‘micronucleus (62% 2h-89 Negative (ASB2012-
glyphosate | 2 h +S9 12000)
Monsanto
source)
Chromosome | Mouse spleen | herbazed S0 uM? Positive Concentrations | Amer et
aberration cells formulation used not clear. | al., 2006
PHIMAJSCE) | (ASB2012-
TO, RE 11539)
Chromosome | Bovine Glyphosate | 1.12mM | Negative Chromosome 1 | Holeckova,
aberration lymphocytes | formulation | (toxic) FISH analysis. | 2006
(62% (24 h) PHIMASPC) | (ASB2012-
glyphosate) SC, TO, RE 11847)
Monsanto
source
Chromosome | Bovine Glyphosate | 1.12mM | Negative PH, MA,SC, | Sivikova
aberration lymphocytes | formulation | (toxic) RE and
(62% (24 h) Dianovsky,
glyphosate) 2006
Monsanto (ASB2012-
source 12029)
Chromosome | Human Glyphosate | 6 mM (not | Negative MA, IC, RE Manas et
aberration lymphocytes | (96%) toxic) al., (2009
ASB2012-
11892)
Cytokinesis | Human Glyphosate | 580 ug/mL | Negative SC,RE Miadinic et
block lymphocytes | (technical, (toxic) (-S9) al., 2009
‘micronucleus 96%) (est. 3.43 | Positive (ASB2012-
mM) (+89) 11906)
Cytokinesis | Human Glyphosate | 580 ug/mL | Negative SC,RE Miadinic et
block lymphocytes | (technical, (toxic) (-89) al., 2009
‘micronucleus 96%) (est. 3.43 | Positive (ASB2012-
mM) (+S9) 11907)
| In Vitro Chromosome Effects— Non Mammalian Systems
Chromosome | Onionroot | Roundup 1% active | Negative TO, 1C, RE Dimitrov et
aberration tip meristem | formulation | ingredient al., 2006
(Bulgaria) | (estimated (SB2012-
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End point Test System | Test Material | Maximum | Result Comment* Reference
Dose
4.4-59 11607)
mM)
Micronucleus | Onion root Roundup 1% active | Negative TO, RE Dimitrov et
tip meristem | formulation | ingredient al., 2006
(Bulgaria) (estimated (SB2012-
4.4-59 11607)
mM)
| In Vivo Chromosome Effects—Mammalian Systems
Bone marrow | Mouse Glyphosate | 300 mg/kg | Negative DL, TO, SC, [ ]
" 2000,
‘micronucleus
Perzocyd | Negative DL, TO, SC, (ASB2013-
10 SL IM, RE 9830)
.—
Bone marrow | Mouse Roundup 69 | 2x200 Negative TO,SC, IE, RE | nEEE—.
erythrocyte formulation | mg/kg i.p. [ |
micronucleus [
[ ]
[ ]
2000
(ASB2013-
11477)
Bone marrow | Mouse Roundup™ | 2x200 Negative TO,SC, IE, RE | IEEEER
erythrocyte formulation | mg/kg i.p. 2002
‘micronucleus (Monsanto) (SB2012-
11834)
Bone marrow | Rabbit Roundup™ | 750 ppmin | Positive? DL, PC, TO, [
‘Chromosome formulation | drinking SC, 1C ]
aberration ‘water 2005
(ASB2012-
11841)
Bone marrow | Mouse Herbazed S50 mg/kg | Negative TO, SC, RE ]
‘Chromosome formulation | i.p. (1,3,5 Il 2006
aberration (84% days) (ASB2012-
glyphosate) 11539)
100 mg/kg | Positive
oral (1,7,
14, and 21
days)
Spermatocyte | Mouse Herbazed 50 mg/kg | Negative TO, SC, RE [ ]
‘Chromosome formulation | i.p.(1,3,5 Il 2006
aberration (84% days) (ASB2012-
glyphosate) 11539)
100 mg/kg | Positive
oral (1,7,
14, and 21
days)
Bone marrow | Mouse Roundup 1080 mg/kg | Negative DL, TO, IC, [
‘Chromosome formulation | p.o. (1/2 RE Il 2006
aberration (Bulgaria) LD50) (ASB2012-
11607)
Bone marrow | Mouse Analytical 2x200 Positive Erythrocytes |
erythrocyte glyphosate mg/kg i.p. scored? I 2009
‘micronucleus (96%) MOFSCHICIRE | (ASB2012-
11892)
| Bone marrow | Mouse | Roundup™ | S0 mg/kg | Positive DL, SC,IC.RE NN |
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End point Test System | Test Material | Maximum | Result Comment* Reference
Dose
glyphosate, 2006
Monsanto) (ASB2012-
12029)

Alkaline single | Hep-2 cells | Glyphosate | 7.5 mM Positive MA,PH,RE | Manas et

cell gel (analytical, | (limited by al., 2009

electrophoresi 96%) toxicity) (ASB2012-

s (SCGE, 11892)

| comet)
Alkaline Human Glyphosate | 580 ug/ml | Positive (- Miadinic et
SCGE lymphocytes | (technical, (toxic) S9) al., 2009
96%) (est. 3.43 | Positive (ASB2012-
mM) +S9) 11906)

SCGE Human Glyphosate 700 upM Positive Inconsitent and | Alvarez-
lymphocytes 96%) (according not clear dose Moya et
(compared to authors) dependent al., 2014
with Tilapia (ASB2014-
erythrocytes 6902)
and
Tradescantia
nuclei)

SCGE Human Glyphosate 200 mg/l Positive Higher activity | Koller et
buccal (95%) and of formulation al., 2012
epithelial cells | Roundup than pure a. s. (ASB2014-

Ultra Max 7618)
| In Vitro DNA Damage Non-Mammalian Systems
SOs E. coli Roundup 25 Positive Raipulis et
BIO ug/sample al. 2009
formulation (ASB2012-
12008)

Alkaline Tradescantia | Glyphosate( | 700 uM Positive PH, SC Alvarez-

SCGE flowers and | technical, Moya et
nuclei 96%) al, 2011

(ASB2012-
11538)

In Vivo DNA Damage Mammalian Systems

Spermatocytes | (Viouse herbazed 200 mg/kg | Positive TO, SC, RE Amer et

and bone formulation | p.o. al., 2006

marrow (84% (ASB2012-

glyphosate) 11539)

SCGE Mouse Glyphosate 400 mg/kg | Glyphosate Manas et

blood cells, (96 %) and bw/day and AMPA al., 2013

liver cells, AMPA Glyphosate | positive (ASB2014-

or 100 6909)
mg/kg
bw/day
AMPA
| In Vivo DNA Damage Non-Mammalian Systems

Erythrocyte | Crasseus Roundup 15 ppm Positive TO, RE I

alkaline auratus formulation | glyphosate [

SCGE (goldfish) in water (2, 2007

4 and 6 (ASB2012-
days) 11587)

Erythrocyte | Prochilodus | Roundup™ | 10 mg/1 (6, | Positive DL, TO, RE I

and gill cell lineatus formulation | 12 and 24 I 2008

alkaline (tropical fish) | (75% of 96 h | h) in water (ASB2012-

SCGE LCs) 11586)

| Erythrocyte | Caiman | Roundup® | 1750 Positive RE .
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End point Test System | Test Material -_ Result Comment* Reference
alkaline eggs/hatchlin | Full nglegg m- 2009
SCGE () m (ASB2012-
formulation 12002)
Erythrocyte | European eel | Roundup 166 pg/liter | Positive DL, SC, RE ]
alkaline formulation I 2010
SCGE (ASB2012-
11836)
Erythrocyte | Caiman Roundup® | Sprayed 2x | Positive DL, RE I
alkaline eggs/hatchlin | Full with 1001 I 2009
SCGE gs u of 3%/ha (ASB2012-
formulation | 30 days 12002)
apart
SCGE European eel | Roundup 116 pg/ positive No increased Guilherme
blood cells Ultra effect of et al., 2012
and glyphosate in (ASB2014-
Glyphosate 35.7 pgh combination 7619)
and with POAE
POAE 18.6 pg/l
SCGE Fish Roundup 5 mg/l positive Inconsistent Moreno et
(Prochilidus) | Transorb and not clearly | al., 2014
and dose dependent | (ASB2014-
Glyphosate 2.4 mg/l 7522)

A new comprehensive review on genotoxicity studies of glyphosate and glyphosate-based
formulations was submitted by Kier and Kirkland (2013, ASB2014-9587). The authors
concluded that an overwhelming preponderance of negative results in well-conducted
bacterial reversion and in vivo mammalian micronucleus and chromosomal aberration assays
indicates that glyphosate and typical GBFs are not genotoxic in these core assays. Negative
results for in vitro gene mutation and a majority of negative results for chromosomal effect
assays in mammalian cells add to the weight of evidence that glyphosate is not typically
genotoxic for these endpoints in mammalian systems. Mixed results were observed for
micronucleus assays of GBFs in non-mammalian systems. Reports of positive results for
DNA damage endpoints indicate that glyphosate and GBFs tend to elicit DNA damage effects
at high or toxic dose levels, but the data suggest that this is due to cytotoxicity rather than
DNA interaction with GBF activity perhaps associated with the surfactants present in many
GBFs. Glyphosate and typical GBFs do not appear to present significant genotoxic risk under
normal conditions of human or environmental exposures.
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B.6.4.8.4 (GeneVutation

ASB2012-12053),
glyphosate and GBFs were negative. ~ Gene mutation assays included numerous

Subsequent to the Williams et al. (2000, ASB2012-12053) review only two gene mutation
studies have been reported (Table B.6.4-29). One negative Ames/Salmonella assay result was

ASB2013-9832).

B.6.4.8.5

ASB2012-12053)
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B.6.4-28).

ASB2012-11892;
ASB2012-11907). (Negative

ASB2012-12001; Piesova,

2005, ASB2012-12000).

one publication no statistically significant increases in binucleated cell micronucleus
frequency were observed with 24 hours of treatment (Piesova, 2004, ASB2012-12001). For

ASB2012-12000).
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20063 ASB2012-11847; SivikovarandiDianovskysi2006) ASB2012-12029). Bothtlierstudies

was not reported to be on coded slides. In addition, Holeckova (2006, ASB2012-11847) only
results (Holeckova, 2006, ASB2012-11847). Despite these limitations and the variable donor
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unmetabolised in vivo in mammals with only very small levels of aminomethylphosphonic
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ioneNaboratoryVMIadinicienaliz009) ASB2012-11906; MIGRICIEnal2009) ASB2012-
11907) have no substantial reproducibility verification from other laboratories in the recent in

performed by other laboratories (Table B.6.4-29) did not employ an exogenous mammalian
system. These

endpoint in bovine lymphocytes (Piesova, 2005. ASB2012-12000). The numerous consistent

ASB2012-11539)

i

ASB2012-11607).

ASB2012-12053).
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B.6.4.8.5.2 In vivo Chromosome Effects—Mammalian Systems
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Results for glyphosate active ingredient

2000) ASB2013-9820).

ASB2012-11892). &
statistically significant increase in micronucleated erythrocytes was observed in the high dose
group. This study had limitations comparable to the negative study. A more significant
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8929 and ASB2013-8931).

20069 ASB2012-

11539).

(spermatocytes). The fact that positive results were not observed in an erythrocyte
(Williams et al., 2000, ASB2012-12053) provides direct evidence that extended glyphosate

was longer and up to much higher glyphosate exposures than those used for the NN
(2006, ASB2012-11539) studies. Thus, it appears likely that these effects were due to some

B.6.4.8.5.3 In vivo Chromosome Effects—Non-Mammalian Systems

The Williams et al. (2000, ASB2012-12053) review reported a few in vivo plant assays for
chromosome effects in non-mammalian systems. These included negative results for
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2000) ASB2013-11477).

mg/liter Roundup branded GBF for 6, 24 and 96 hours (NS 2008, ASB2012-
11586). This concentration was reported to be 96 % of a 96 hour LCsp. Positive results were
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recommendations include conducting experiments to measure DNA double strand breaks to
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Table B.6.4-30:  Studies of Human and Environmental Populations with Reported or
Assumed Glyphosate Exposure
[Exposed End point [Exposures Result Reference
| Population
| Human Studies
Open field and fruit | Bulky DNA adducts | glyphosate No effects attributed | NN 2007
farmers formulation use to glyphosate (ASB2012-11543)
reported inonly 1 | formulation
of 29 fruit farmers | exposure
Humans in areas Lymphocyte Aerial or manual | Increase in CB MN | I
‘Wwhere glyphosate | cytokinesis block | spraying of but no clear 2009
formulation is micronucleus (CB | glyphosate relationship to (ASB2012-11570)
applied MN) formulation for assumed or reported
illicit crop control | exposures
and sugar cane
‘maturation
Floriculturists Lymphocyte CB Glyphosate Increase in CB MN |
MN formulation use but not statistically | 2004
reported in 21/51 | significant (ASB2012-11572)
‘workers with
average of 106.5 kg
applied
Floriculturists Lymphocyte CB Glyphosate Statistically I
MN formulation use significant increase | 2002
reported in 57/107 | in CB MN (ASB2012-11573)
‘workers. Numerous
other pesticides
reported as used by
a similar number or
‘more of workers
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[Exposed End point [Exposures Result Reference
| Population
Agricultural workers | Buccal cell Glyphosate Statistically L
‘micronucleus formulation use significant increase | 2009
reported along with | in MN (ASB2012-11570)
numerous other
pesticides
Fruit growers Lymphocyte Glyphosate use No effects I
Alkaline SCGE; reported in 2/19 1 | attributable to 2003
Ames test on urine | day before captan | glyphosate (ASB2012-11878)
spraying and 1/19 | formulation
on the day of exposure
captan spraying
Agricultural workers | Lymphocyte CB Glyphosate No statistically I 2003
MN; buccal cell formulation use Significantincieases | (ASB2012-11991)
‘micronucleus reported in 16% of | in CB MN or buccal
one of four cell micronucleus
populations studied | frequencies
(Hungary)
Individuals on or Lymphocyte Glyphosate Statistically I
near glyphosate alkaline SCGE formulation significant increases | 2007
spraying aerially sprayed in damaged cells (ASB2012-11992)
within 3 km
Greenhouse Farmers | Lymphocyte SCE | Glyphosate Statistically L
formulation use significant increases | 2001
reported in 99/102 | in SCE (ASB2012-12025)
‘workers; numerous
other pesticides
used
[Farmers Lymphocyte CB Glyphosate Statistically I 2006
MN formulation use Significantinciease | (ASB2012-12045)
reported in 3/11 | in micronucleus
farmers frequency but not in
frequency of
binucleated cells
with micronuclei
| Environmental Studies
Meadow voles living | Blood cell alkaline | Glyphosate Some effects judged |
on golf cousres SCGE; erythrocyte | formulation use possibly related to | I 2004
‘micronucleus feportedialongiwith | Daconil®fungicide | (ASB2012-11871)
numerous other
pesticides
Fish from dams Erythrocyte Glyphosate Higher MN I 2011
(various species) ‘micronucleus formulation use frequencies than (ASB2012-12017)
reported in adjacent | normal or expected
lands along with | but no negative
other pesticides concurrent controls
used

ASB2012-11543 - 12004, ASB2012-11572; N
2003, ASB2012-11878; 12003, ASB2012-11991; S - 2006) ASB2012-
12045).

In some studies, incidence of GBF use by the population studied was significant but high
incidence of use of other pesticides was also reported (NENSSSSSEEEN 2002, ASB2012-
11573; I 2001 ASB2012-12025) SEvemthoughipositiveietiects were observedsin
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After submission of the first draft of this RAR for public comment the following additional
studies have been included.

Koureas et al. (2014, ASB2014-9724) performed a study aimed at estimating the oxidative
damage to DNA in different subpopulations in Thessaly region (Greece) and investing its
correlation with exposure to pesticides and other potential risk factors. The study produced
findings that support the hypothesis that pesticide exposure is involved in the induction of
oxidative damage to DNA. A correlation was found in this study between exposure to
formulations containing neonicotinoids or glufosinate ammonium and oxidative damage to
DNA. However, no significant correlation was reported for glyphosate.
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Gentile et al. (2012, ASB2014-9482) submitted results of the micronucleus assay as a
biomarker of genotoxicity in the occupational exposure to agrochemicals in rural workers in
Argentina. The authors found significant differences in the frequency of micronuclei between
occupationally exposed (20 individuals) and unexposed (10 individuals) workers. However,
no conclusion on genotoxicity of glyphosate or other specific pesticides is possible on basis of
this study.

Da Silva et al. (2014, ASB2014-9358) performed a genotoxic assessment in tobacco farmers
at different crop times. The study sought to determine genotoxic effects in farmers
occupationally exposed to agrochemicals and nicotine. A significant increase of
micronucleated cells in the off-season group was observed. However, no conclusion on
genotoxicity of glyphosate or other specific pesticides is possible on basis of this study.
Benedetti et al. (2013, ASB2014-9279) studied genetic damage in soybeans workers exposed
to pesticides. The evaluation was performed with the comet and buccal micronucleus assays.
The results of both tests revealed DNA damage in soybean workers. No special pesticide can
be identified as cause of the observed effects.

B.6.4.8.8 DNA-Reactivity and carcinogenesis
As noted in the earlier review, **P-postlabelling DNA adduct studies in mice did not indicate

vehiclePelusoEualil998) TOX 1999-3 18; Williamsenalii2000) ASB2012-12053). (Aiothen
with glyphosate and Roundup GBF. This study also reported an increase in 8-

but not GBE. Increased 8-OHdG was found in kidney DNA from mice injected with GBF
bubonglyphosate Bolognesiienal 99T 759299; Willamsienalz000s ASB2012-12053))

ASB2012-11845).
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numerous regulatory agencies and scientific organisations (Williams et al., 2000, ASB2012-
12053).

B.6.4.8.9 AMPAIandPOEA

In addition to glyphosate and GBFs, the earlier review included information on the toxicity

et al., 2000, ASB2012-12053). One publication of AMPA genotoxicity results was observed

).

ASB2012-11891).
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ASB2012-12053). No other genotoxicity results were reported for
POEA individually but numerous genotoxicity
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2007, ASB2009-9030). Effects on mammalian cells consistent with membrane disruption and

consequent cytotoxicity were observed for POEA (Benachour and Seralini, 2009, ASB2012-
11561).

B.6.4.8.10 Genotoxicity of glyphosate mixtures and photoactivation

Roustan et al. (2014, ASB2014-8086) assessed the photo-inducible cytogenetic toxicity of
glyphosate, aminomethyl phosphoric acid (AMPA), desethyl-atrazine (DEA), and their
various mixtures by the in vitro micronucleus assay on CHO-K1 cells. Results demonstrated
according to the authors that cytogenetic potential of pesticides greatly depends on their
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physico-chemical environment. The mixture made with the four pesticides exhibited the most
potent cytogenetic toxicity, which was 20-fold higher than those of the most active compound
AMPA, and 100-fold increased after light-irradation.

B.6.4.8.11 Genotoxicity Weight of Evidence

Various weighted components included assay system validation, test system species,
dose-response and relationship of effects to toxicity (Williams et al., 2000, ASB2012-12053).

The conclusion of this analysis was that glyphosate and Roundup GBFs were not mutagenic
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al2009) ASB2012-11892 AMladiifiieretals 2009, ASB2012-11906; SivikovarandiDianovsky)
2006, ASB2012-12029). These examples confirm the impression that the DNA damage
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ASB2012-11528). When compared with in vivo mammalian test systems that utilize

).

(@004 ASB2012-11528)
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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, |l cthoxylate; SCE, sister
chromatid exchange; SCGE, single cell gel electrophoresis (comet).

(Author(s) | Year | Study title
Alvarez-Moya, C., | 2011 | Evaluation of genetic damage induced by glyphosate
Silva, M.R., isopropylamine salt using Tradescantia bioassays
Arambula, AR.V., Genetics and Molecular Biology
Sandoval, A.L, Volume: 34
Vasquez, H.C., Number: 1
Gonzales Montes, Pages: 127-130
R.M. ASB2012-11538
Abstract™

Glyphosate is noted for being non-toxic in fishes, birds and mammals (including humans).
Nevertheless, the degree of genotoxicity is seriously controversial. In this work, various
concentrations of a glyphosate isopropylamine salt were tested using two methods of
genotoxicity assaying, viz., the pink mutation assay with Tradescantia (4430) and the comet
assay with nuclei from staminal cells of the same plant. Staminal nuclei were studied in two
different forms, namely nuclei from exposed plants, and nuclei exposed directly. Using the
pink mutation assay, isopropylamine induced a total or partial loss of color in staminal cells, a
fundamental criterion utilised in this test. Consequently, its use is not recommended when
studying genotoxicity with agents that produce pallid staminal cells. The comet assay system
detected statistically significant (p < 0.01) genotoxic activity by isopropylamine, when
compared to the negative control in both the nuclei of treated plants and directly treated
nuclei, but only the treated nuclei showed a dose-dependent increase. Average migration in
the nuclei of treated plants increased, when compared to that in treated nuclei. This was
probably due, either to the permanence of isopropylamine in inflorescences, or to the presence
of secondary metabolites. In conclusion, isopropylamine possesses strong genotoxic activity,

but its detection can vary depending on the test systems used.
* Quoted from article
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7259299

Glyphosate (N-phosphonomethylglycine) is an effective herbicide acting on the synthesis of
aromatic amino acids in plants. The genotoxic potential of this herbicide has been studied: the
results available in the open literature reveal a weak activity of the technical formulation. In
this study, the formulated commercial product, Roundup, and its active agent, glyphosate,
were tested in the same battery of assays for the induction of DNA damage and chromosomal
effects in vivo and in vitro. Swiss CDI mice were treated intraperitoneally with test
substances, and the DNA damage was evaluated by alkaline elution technique and 8-
hydroxydeoxyguanosine (8-OHdG) quantification in liver and kidney. The chromosomal
damage of the two pesticide preparations was also evaluated in vivo in bone marrow of mice
as micronuclei frequency and in vitro in human lymphocyte culture as SCE frequency. A
DNA-damaging activity as DNA single-strand breaks and 8-OHdG and a significant increase
in chromosomal alterations were observed with both substances in vivo and in vitro. A weak
increment of the genotoxic activity was evident using the technical formulation.
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ASB2012-11573

A biomonitoring study was carried out to investigate whether exposure to complex pesticide
mixtures in ornamental crop production represents a potential genotoxic risk. Exposed and
control subjects were selected in western Liguria (Italy). The area was chosen for its intensive
use of pesticides. The main crops produced were roses, mimosas, carnations and
chrysanthemums, as ornamental non-edible plants, and tomato, lettuce and basil, as edible
ones. The levels of micronuclei (MN) were analysed in peripheral blood lymphocytes of 107
floriculturists (92 men and 15 women) and 61 control subjects (42 men and 19 women). A
statistically significant increase in binucleated cells with micronuclei (BNMN) was detected
in floriculturists with respect to the control population (4.41 +/- 2.14 MN/1000 cells versus
3.04 +/- 2.14, P < 0.001). The mean number of BNMN varied as a function of sex and age.
Smoking habit had no effect on MN frequency. A positive correlation between years of
farming and MN frequency in peripheral blood lymphocytes was observed (r = 0.30, P =
0.02). The conditions of exposure were also associated with an increase in cytogenetic
damage, with a 28 % higher MN frequency in greenhouse workers compared with subjects
working only outdoors in fields. Workers not using protective measures during high exposure
activities showed an increase in MN frequency. Our findings suggest a potential genotoxic

risk due to pesticide exposure.
* Quoted from article
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ASB2012-11572

Flower production in greenhouses associated with a heavy use of pesticides is very wide-
spread in the western part of the Ligurian region (Italy). The formation of micronuclei in
peripheral blood lymphocytes is a valuable cytogenetic biomarker in human populations
occupationally exposed to genotoxic compounds. In the present study we investigated the
micronucleus frequency in peripheral blood lymphocytes of 52 floriculturists and 24 control
subjects by use of the cytokinesis-block methodology associated with fluorescence in situ
hybridization with a pan-centromeric probe that allowed to distinguish centromere-positive
(C+) and centromere-negative (C—) micronuclei. The comparison between floriculturists and
controls did not reveal any statistically significant difference in micronucleus frequency,
although an increase was observed with increasing pesticide use, number of genotoxic
pesticides used and duration of exposure. An increase in C+ as well as in C— micronuclei and
in the percentage of C+ micronuclei with respect to the total number of micronuclei was
detected in floriculturists, suggesting a higher contribution of C+ micronuclei in the total
number scored. The percentage C+ micronuclei was not related to the duration of exposure or
to the number of genotoxic pesticides used, but a higher percentage (66.52 % versus 63.78 %)
was observed in a subgroup of subjects using benzimidazolic compounds, compared with the
floriculturist population exposed to a complex pesticide mixture not including
benzimidazolics. These results suggest a potential human hazard associated with the exposure
to this class of aneuploidy-inducing carcinogens.
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Author(s) Year | Study title
Cavas, T., | 2007 Detection of cytogenetic and DNA damage in peripheral
Konen S. erythrocytes of goldfish (Carassius auratus) exposed to a
glyphosate formulation using the micronucleus test and the
comet assay
Mutagenesis 22
263-268
ASB2012-11587
Abstract®

Glyphosate is a widely used broad-spectrum weed control agent. In the present study, an in
vivo study on the genotoxic effects of a technical herbicide (Roundup®) containing
isopropylamine salt of glyphosate was carried out on freshwater goldfish Carassius auratus.
The fish were exposed to three doses of glyphosate formulation (5, 10 and 15 ppm).
Cyclophosphamide at a single dose of 5 mg/L was used as positive control. Analysis of
micronuclei, nuclear abnormalities and DNA damage were performed on peripheral
erythrocytes sampled at intervals of 48, 96 and 144 h post treatment. Our results revealed
significant dose-dependent increases in the frequencies of micronuclei, nuclear abnormalities
as well as DNA strand breaks. Our findings also confirmed that the alkaline comet assay and
nuclear deformations in addition to micronucleus test on fish erythrocytes in vivo are useful
tools in determining the potential genotoxicity of commercial herbicides.

* Quoted from article

Klimisch evaluation

Reliability of study: Not Reliable

Comment: Methodological and reporting deficiencies (e.g. test
substance source, no concurrent measurement of
toxicity reported, less than 2000 erythrocytes scored per
animal and results not reported separately for
replicates).

Relevance of study: Relevant  with restrictions  (Due to reliability.
Discussion  confuses  glyphosate with — glyphosate
formulated products.)

Klimisch code: 8

Author(s) Year | Study title

Guilherme, | 2010 | European eel (Anguilla Anguilla) genotoxic and pro-oxidant

s responses following short-term exposure to Roundup® - a

Gaivao, 1. glyphosate-based herbicide.

Santos, Mutagenesis

M.A. Volume: 25

Pacheco, M. Number: 5

Pages: 523-530
ASB2012-11836
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The glyphosate-based herbicide, Roundup®, is among the most used pesticides worldwide.
Due to its extensive use, it has been widely detected in aquatic ecosystems representing a
potential threat to non-target organisms, including fish. Despite the negative impact of this
commercial formulation in fish, as described in literature, the scarcity of studies assessing its
genotoxicity and underlying mechanisms is evident. Therefore, as a novel approach, this study
evaluated the genotoxic potential of Roundup® to blood cells of the European eel (Anguilla
anguilla) following short-term (1 and 3 days) exposure to environmentally realistic
concentrations (58 and 116 mg/L), addressing also the possible association with oxidative
stress. Thus, comet and erythrocytic nuclear abnormalities (ENAs) assays were adopted, as
genotoxic end points, reflecting different types of genetic damage. The prooxidant state was
assessed through enzymatic (catalase, glutathione-S-transferase, glutathione peroxidase and
glutathione reductase) and non-enzymatic (total glutathione content) antioxidants, as well as
by lipid peroxidation (LPO) measurements. The Roundup® potential to induce DNA strand
breaks for both concentrations was demonstrated by the comet assay. The induction of
chromosome breakage and/or segregational abnormalities was also demonstrated through the
ENA assay, though only after

3-day exposure to both tested concentrations. In addition, the two genotoxic indicators were
positively correlated. Antioxidant defences were unresponsive to Roundup®. LPO levels
increased only for the high concentration after the first day of exposure, indicating that
oxidative stress caused by this agrochemical in blood was not severe. Overall results
suggested that both DNA damaging effects induced by Roundup® are not directly related
with an increased pro-oxidant state. Moreover, it was demonstrated that environmentally
relevant concentrations of Roundup® can pose a health risk for fish populations.
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7273986, ASB2012-11860

Nine herbicides and pesticides were tested for their mutagenicity using the Drosophila sex-
linked recessive lethal mutation assay. These are Ambush, Treflan, Blazer, Roundup, 2,4-D
Amine, Crossbow, Galecron, Pramitol, and Pondmaster. All of these are in wide use at
present. Unlike adult feeding and injection assays, the larvae were allowed to grow in medium
with the test chemical, thereby providing long and chronic exposure to the sensitive and
dividing diploid cells, i.e., mitotically active spermatogonia and sensitive spermatocytes. All
chemicals induced significant numbers of mutations in at least one of the cell types tested.
Some of these compounds were found to be negative in earlier studies. An explanation for the
difference in results is provided. It is probable that different germ cell stages and treatment
regimens are suitable for different types of chemicals. Larval treatment may still be valuable
and can complement adult treatment in environmental mutagen testing.

ASB2012-11891
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Formulations containing glyphosate are the most widely used herbicides in the world. AMPA
is the major environmental breakdown product of glyphosate. The purpose of this study is to
evaluate the in vitro genotoxicity of AMPA using the Comet assay in Hep-2 cells after 4h of
incubation and the chromosome aberration (CA) test in human lymphocytes after 48 h of
exposition. Potential in vivo genotoxicity was evaluated through the micronucleus test in
mice. In the Comet assay, the level of DNA damage in exposed cells at 2.5-7.5 mM showed a
significant increase compared with the control group. In human lymphocytes we found
statistically significant clastogenic effect AMPA at 1.8 mM compared with the control group.
In vivo, the micronucleus test rendered significant statistical increases at 200-400 mg/kg.
AMPA was genotoxic in the three performed tests. Very scarce data are available about
AMPA potential genotoxicity.

ASB2012-11892

It was evaluated the genotoxicity of glyphosate which up to now has heterogeneous results.
The comet assay was performed in Hep-2 cells. The level of DNA damage in the control
group (5.42+1.83 arbitrary units) for tail moment (TM) measurements has shown a significant
increase (p < 0.01) with glyphosate at a range concentration from 3.00 to 7.50mM. In the
chromosome aberrations (CA) test in human lymphocytes the herbicide (0.20—6.00mM)
showed no significant effects in comparison with the control group. In vivo, the micronucleus
test (MNT)was evaluated in mice at three doses rendering statistical significant increases at
400 mg/kg (13.0+£3.08 micronucleated erythrocytes/1000 cells, p < 0.01). In the present study
glyphosate was genotoxic in the comet assay in Hep-2 cells and in the MNT test at 400 mg/kg
in mice. Thiobarbituric acid reactive substances (TBARs) levels, superoxide dismutase (SOD)
and catalase (CAT) activities were quantified in their organs. The results showed an increase
in these enzyme activities.
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Klimisch evaluation

Reliability of study: Not reliable

Comment: Guideline deviations and reporting deficiencies. Several
parameters in the MNT not reported. Blind scoring
reported for the CA but not MNT. Exposure route used
in the MNT is not relevant for human exposure. (see
guideline deviations). No indication of pH or osmolality
control for the comet assay. Results not reported
separately for replicates.

Relevance of study: Not relevant (Due to guideline deviations and reporting
deficiencies).

Klimisch code: 8

 Author(s) Study title

Mladinic, M. Evaluation of Genome Damage and Its Relation to Oxidative

Berend, S. Stress Induced by Glyphosate in Human Lymphocytes in

Vrdoljak, A.L. Vitro

Kopjar, N. Environmental and Molecular Mutagenesis

Radic, B. Volume: 50

Zeljezic, D. Number: 9

Pages: 800-807
ASB2012-11906
Abstract™

In the present study we evaluated the genotoxic and oxidative potential of glyphosate on
human lymphocytes at concentrations likely to be encountered in residential and occupational
exposure. Testing was done with and without metabolic activation (S9). Ferric-reducing
ability of plasma (FRAP), thiobarbituric acid reactive substances (TBARS) and the hOGG1
modified comet assay were used to measure glyphosate's oxidative potential and its impact on
DNA. Genotoxicity was evaluated by alkaline comet and analysis of micronuclei and other
nuclear instabilities applying centromere probes. The alkaline comet assay showed
significantly increased tail length (20.39 pm) and intensity (2.19 %) for 580 pg/mL, and
increased tail intensity (1.88 %) at 92.8 pg/mL, compared to control values of 18.15 um for
tail length and 1.14 % for tail intensity. With S9, tail length was significantly increased for all
concentrations tested: 3.5, 92.8, and 580 pg/mL. Using the hOGG1 comet assay, a significant
increase in tail intensity was observed at 2.91 pg/mL with S9 and 580 pg/mL without S9.
Without S9, the frequency of micronuclei, nuclear buds and nucleoplasmic bridges slightly
increased at concentrations 3.5 pg/mL and higher. The presence of S9 significantly elevated
the frequency of nuclear instabilities only for 580 pug/mL. FRAP values slightly increased
only at 580 pg/mL regardless of metabolic activation, while TBARS values increased
significantly. Since for any of the assays applied, no clear dose-dependent effect was
observed, it indicates that glyphosate in concentrations relevant to human exposure do not
pose significant health risk.
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ASB2012-11907

Possible clastogenic and aneugenic effects of pesticides on human lymphocytes at
concentrations likely to be encountered in residential and occupational exposure were
evaluated with and without the use of metabolic activation (S9). To get a better insight into
the content of micronuclei (MN) and other chromatin instabilities, lymphocyte preparations
were hybridized using pancentromeric DNA probes. Frequency of the MN, nuclear buds (NB)
and nucleoplasmic bridges (NPB) in cultures treated with glyphosate slightly increased from
3.5 pg/mL onward. Presence of S9 significantly elevated cytome assay parameters only at
580 pg/mL. No concentration-related increase of centromere (C+) and DAPI signals (DAPI+)
was observed for glyphosate treatment. Terbuthylazine treatment showed a dose dependent
increase in the number of MN without S9 significant at 0.0008 pg/mL and higher. At
concentration lower than 1/16 LDsy occurrence of C + MN was significantly elevated
regardless of SO, but not dose related, and in the presence of S9 only NBs containing
centromere signals were observed. Carbofuran treatment showed concentration dependent
increase in the number of MN. The frequency of C + MN was significant from 0.008 pg/mL
onward regardless of S9. Results suggest that lower concentrations of glyphosate have no
hazardous effects on DNA, while terbuthylazine and carbofuran revealed a predominant
aneugenic potential.
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We analyzed the consequences of aerial spraying with glyphosate added to a surfactant
solution in the northern part of Ecuador. A total of 24 exposed and 21 unexposed control
individuals were investigated using the comet assay. The results showed a higher degree of
DNA damage in the exposed group (comet length = 35.5 mu m) compared to the control
group (comet length = 25.94 mu m). These results suggest that in the formulation used during
aerial spraying glyphosate had a genotoxic effect on the exposed individuals.
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TOX1999-318

Roundup is a postemergence herbicide acting on the synthesis of amino acids and other
important endogenous chemicals in plants. Roundup is commonly used in agriculture,
forestry, and nurseries for the control or destruction of most herbaceous plants. The present
study shows that Roundup is able to induce a dose-dependent formation of DNA adducts in
the kidneys and liver of mice. The levels of Roundup-related DNA adducts observed in mouse
kidneys and liver at the highest dose of herbicide tested (600 mg/kg) were 3.0 +/- 0.1 (SE)
and 1.7 4+/- 0.1 (SE) adducts/10(8) nucleotides, respectively. The Roundup DNA adducts were
not related to the active ingredient, the isopropylammonium salt of glyphosate, but to another,
unknown component of the herbicide mixture. Additional experiments are needed to identify
the chemical specie(s) of Roundup mixture involved in DNA adduct formation. Findings of
this study may help to protect agricultural workers from health hazards and provide a basis for

risk assessment.
* Quoted from article
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Poletta, G.L. | 2009 | Genotoxicity of the herbicide formulation Roundup®
Larriera, A. (glyphosate) in broad-snouted caiman (Caiman latirostris)
Kleinsorge, evidenced by the Comet assay and Micronucleus test
B Mutation Research
Mudry, M.D. Volume: 672
Number: 2
Pages: 95-102
ASB2012-12002
Abstract™

The genotoxicity of pesticides is an issue of worldwide concern. The present study was
undertaken to evaluate the genotoxic potential of a widely used herbicide formulation,
Roundup® (glyphosate), in erythrocytes of broad-snouted caiman (Caiman latirostris) after in
ovo exposure. Caiman embryos were exposed at early embryonic stage to different sub-lethal
concentrations of Roundup® (50, 100, 200, 300, 400, 500, 750, 1000, 1250 and 1750 pg/egg).
At time of hatching, blood samples were obtained from each animal and two short-term tests,
the Comet assay and the Micronucleus (MN) test, were performed on erythrocytes to assess
DNA damage. A significant increase in DNA damage was observed at a concentration of
500 pg/egg or higher, compared to untreated control animals (p<0.05). Results from both the
Comet assay and the MN test revealed a concentration-dependent effect. This study
demonstrated adverse effects of Roundup® on DNA of C. latirostris and confirmed that the
Comet assay and the MN test applied on caiman erythrocytes are useful tools in determining
potential genotoxicity of pesticides. The identification of sentinel species as well as sensitive
biomarkers among the natural biota is imperative to thoroughly evaluate genetic damage,
which has significant consequences for short- and long-term survival of the natural species.
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ASB2012-12010

Pesticides can affect the health of living organisms through different mechanisms such as
membrane denaturation. The evaluation of the deleterious effects of chemical agents on
biological membranes can be performed through the analysis of the stability of erythrocytes
against a concentration gradient of certain chemical agent in physiologic saline solution. This
work analyzed the effect of the herbicide Roundup® on the membrane of human erythrocytes
in blood samples collected with EDTA or heparin as anticoagulant agent. The results were
analyzed through spectrophotometry at 540 nm and light microscopy. There was an
agreement between spectrophometric and morphologic analyses. At the concentration limit
recommended for agricultural purposes, Roundup® promoted 100 % of hemolysis. The
D50Roundup® values obtained for human blood samples collected with EDTA were not
significantly different from those obtained for samples collected with heparin. However, the
lysis curves presented lower absorbance values at 540 nm in the presence of blood collected
with EDTA in relation to that collected with heparin, probably due to haemoglobin
precipitation with EDTA. This work also analyzed the effects of three different Roundup®
doses (0.148, 0.754 and 1.28 mg/kg) on the micronuclei frequency in bone marrow cells of
Swiss mice in relation to a positive control of cyclophosphamide (250 mg/kg). The two
highest Roundup® doses showed the same genotoxicity level as the positive control.
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TOX9700576, ASB2012-12044

Three pesticides at varying concentration were tested for the induction of SCE [sister
chromatid exchanges] in human lymphocytes in vitro. The fungicide, Dexon, sodium (4-
(dimethylamino)phenyl)diazene sulfonate, caused the greatest increase in SCE frequency and
the response was dose related. The herbicide, Roundup, isopropylamide salt of N-
(phosphonomethyl)glycine, had the least effect on SCE requiring the use of much higher
concentrations to produce an effect. Limited results were obtained with the fungicide Captan,
cis-N-((trichloromethyl)thio)-4-cyclo-hexene-1, 2-dicarboximide, because of toxic levels of
the fungicide or solvent used.



