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Abstract 

Glyphosate, an herbicidal derivative of the amino acid glycine, was introduced to agriculture in 
the 1970s. Glyphosate targets and blocks a plant metabolic pathway not found in animals, the 
shikimate pathway, required for the synthesis of aromatic amino acids in plants. After almost for- 
ty years of commercial use, and multiple regulatory approvals including toxicology evaluations, 

literature reviews, and numerous human health risk assessments, the clear and consistent con- 
clusions are that glyphosate is of low toxicological concern, and no concerns exist with respect to 
glyphosate use and cancer in humans. This manuscript discusses the basis for these conclusions. 
Most toxicological studies informing regulatory evaluations are of commercial interest and are 
proprietary in nature. Given the widespread attention to this molecule, the authors gained access 
to carcinogenicity data submitted to regulatory agencies and present overviews of each study, 
followed by a weight of evidence evaluation of tumor incidence data. Fourteen carcinogenicity 
studies (nine rat and five mouse) are evaluated for their individual reliability, and select neo- 
plasms are identified for further evaluation across the data base. The original tumor incidence 
data from study reports are presented in the online data supplement. There was no evidence of 
a carcinogenic effect related to glyphosate treatment. The lack of a plausible mechanism, along 
with published epidemiology studies, which fail to demonstrate clear, statistically significant, 
unbiased and non-confounded associations between glyphosate and cancer of any single 
etiology, and a compelling weight of evidence, support the conclusion that glyphosate does 
not present concern with respect to carcinogenic potential in humans. 
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Introduction 

Glyphosate (Figure 1), an aminophosphonic analog of 
the natural amino acid glycine, is widely used as an herbicide 
for the control of annual and perennial grasses and broad- 
leaved weeds. Glyphosate inhibits 5-enolpyruvateshikimate- 
3-phosphate synthase (EPSPS), an enzyme of the axomatic 
acid biosynthesis pathway, which is not present in the 
animal kingdom. Glyphosate-based herbicide formulations 

(GBFs) were introduced in 1974 and axe formulated with 
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Figure 1. Structure of glyphosate acid. 

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

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

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

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

warrants investigation for consistency, reliability, and appli- 

cation to their intended purpose: identifying potential human 

health hazards and setting appropriate endpoints for human 

health risk assessment. Studies conducted with equivalent test 

substances using the same TG are readily compaxable and can 

be evaluated by regulators following standaxdized schemes. 

Minor differences in the findings reported by such repetitive 

studies axe attributable to statistical chance, natural biological 

variability, type of basal diet, rate of feed consumption, animal 

strain differences, choice of dose levels, inter-strain genetic 

drift over time due to vaxying vendor breeding practices, 

changes in animal care and husbandry practices across labo- 

ratories over the yeaxs, inter-laboratory vaxiations in clinical 

measurements, and differences between individual pathologist 

evaluation and interpretation of tissue specimens. 

Glyphosate is under significant political pressure due to 

its widespread use, paxticulaxly in association with use on 

genetically modified crops. One focus area of contention has 

been the human safety of glyphosate, which has been repeat- 

edly challenged by interest groups via the media, as well 

as select research publications in the scientific literature 

(Antoniou et al. 2012, Aris and Leblanc 2011, Aris and Paris 

2010, Benachour and Seralini 2009, Gasnier et al. 2010, 

Paganelli et al. 2010, Romano et al. 2012, Romano et al. 

2010). To that end, one specific publication by Seralini et al. 

(2012, retracted) drew significant criticism from both the toxi- 

cology and broader scientific communities (Barale-Thomas 

2013, Berry 2013, de Souza and Oda 2013, Grunewald and 

Bury 2013, Hammond et al. 2013, Langridge 2013, Le Tien 

and Le Huy 2013, Ollivier 2013, Panchin 2013, Sanders et al. 

2013, Schorsch 2013, Tester 2013, Trewavas 2013, Tribe 

2013). After a special review of the investigators’ raw data 

by a mutually agreed-upon expert panel, the manuscript was 

retracted by Food and Chemical Toxicology (FCT), for rea- 

sons of inconclusive data and unreliable conclusions (Hayes 

2014). The Editor of the International Journal of Toxicology 

highlighted this manuscript as an example of possible failure 

of the peer review process in a well-respected toxicology 

journal with an editorial board of well-known and respected 

toxicologists (Brock 2014). The manuscript was later repub- 

lished without peer-review in an open access journal (Seralini 

et al. 2014), but will not be addressed in this data evaluation 

due to the inappropriate study design, insufficient reporting of 

tumor incidence data, and the lack of a data supplementaxy to 

the manuscript. 

The chronic/caxcinogenicity studies discussed in this paper 

have been submitted to and evaluated by a variety of agencies 

over time, including the World Health Organization (WHO/ 

FAO 2004b, WHO/FAO 2004a), the United States Environ- 

mental Protection Agency (US EPA 1993), the European 

Rapporteur Member State Germany for the initial glyphosate 

Annex I listing (EC 2002) and the recent European re- 

evaluation (Germany Rapporteur Member State 2015a), as 

well as the ongoing reevaluations in the USA, Canada and 

Japan. These regulatory bodies, drawing upon internal and/or 

external expertise, have consistently concluded that glyphosate 

is devoid of caxcinogenic risk to humans. 

The purpose of this axticle is to provide the broader 

scientific community with insight into this large body of 

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

This manuscript presents the robust glyphosate caxcino- 
genicity data generated by industry. Study summaries will 
focus on carcinogenicity evaluation, to allow third paxties the 
opportunity to independently evaluate the caxcinogenicity data 
presented alongside other relevant data on carcinogenicity, i.e. 
genotoxicity testing and epidemiology, and facilitate a mul- 
tidisciplinary carcinogenicity assessment as proposed in the 
literature, by recognized experts in the fields of toxicology and 

human health risk assessment (Adami et al. 2011). 

Absorption, distribution, metabolism and excretion 
of glyphosate 

A number of absorption, distribution, metabolism, and excre- 

tion studies (ADME) have been conducted on glyphosate for 

evaluation in regulatory submissions (EC 2002, US EPA 1993, 

WHO/FAO 2004a) and also by academic institutions (Anadon 

et al. 2009). Glyphosate consistently demonstrates low gastro- 

intestinal absorption (20-40%). Its metabolism is very limited, 

whereby only small quantities of a single metabolite, aminom- 

ethylphosphonic acid (AMPA), are eliminated in feces. AMPA 

is likely produced by the limited metabolism of glyphosate by 

the gastrointestinal microflora, rather than via mammalian 

metabolism. Glyphosate is structurally akin to a phase II 

metabolite, a glycine-conjugate of methyl phosphonate, and 

thus avails itself to rapid urinaxy excretion. Systemic elimina- 

tion is biphasic, with alpha-phase half-lives in the range of 

6-14 h (Anadon et al. 2009, WHO/FAO 2004a). 

Toxicological properties of glyphosate 

Table 1 contains a short overview of toxicological endpoints 

of glyphosate that have been published in the List of Endpoints 

identified for glyphosate by the Rapporteur in the European 

Union under Regulation 1107/2009 (Germany Rapporteur 

Member State 2015c). Glyphosate is of low acute toxicity via 

all routes of exposure. Glyphosate’s active ingredient, an organic 

acid, has an irritating effect on mucosa which is evidenced by 

eye irritation and effects on oral and gastrointestinal mucosa; 

final formulated products contain more neutral pH salt forms, 

as reflected in the tabulated eye irritation data reported in 

Table 11, on page 109 of the 2004 JMPR Toxicological Evalua- 

tion (WHO/FAO 2004a). Glyphosate is not mutagenic, not neu- 

rotoxic, and has no effect on pre-natal development and fertility 

at doses not exceeding the maximum tolerated dose (MTD). 

Glyphosate - Fourteen carcinogenicity studies 187 

Genotoxicity 

Very recently, a review of the vast body of genotoxicity 

studies on glyphosate and GBFs has been published (Kier 

and Kirkland 2013), including an online data supplement 

presenting detailed data from 66 sepaxate in vitro and in vivo 

genotoxicity assays. The authors incorporated these studies 

and published genotoxicity data into a weight-of-evidence 

analysis. The vast majority (over 98%) of the available bacte- 

rial reversion and in vivo mammalian micronucleus and chro- 

mosomal aberration assays were negative. Negative results for 

in vitro gene mutation and a large majority of negative results 

for clastogenic effect assays in mammalian cells support the 

conclusion that glyphosate is not genotoxic for these endpoints 

in mammalian test systems. DNA damage effects are reported 

in some instances for glyphosate at high or toxic dose levels. 

The compelling weight of evidence is that glyphosate and 

typical GBFs are negative in core assays, indicating that 

the reported high-dose effects are secondary to toxicity and 

are not due to DNA-reactive mechanisms. Mixed results were 

observed for micronucleus assays in non-mammalian systems 

and DNA damage assays of GBFs. These effects of GBFs may 

also be associated with surfactants present in the formulated 

products. Kier and Kirkland conclude that glyphosate and 

its typical formulations do not present significant genotoxic 

risk under normal conditions of human or environmental 

exposures. 

Epidemiology 

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

Endpoint 

Oral absorption 
Dermal absorption 

Rat LD50 oral 

Rat LD50 dermal 

Rat LC50 inhalation 

Skin irritation 
Eye irritation 

Skin sensitization 

Genotoxicity 
Chronic toxicity 

Reproductive toxicity 

Developmental toxicity 

Delayed neurotoxicity 
Acceptable Daily Intake (ADI) 

Acceptable Operator Exposure 
Level (AOEL) 

Value Remark 

ca 20% 
<1% 

> 2000 mg/kg bw 

> 2000 mg/kg bw 

> 5 mg/L 
Not irritating 
Acid: moderately to severely irritating 
Salts: slight or non-irritating 
Not sensitizing 
(LLNA, Magnusson-Kligmant, and Buehler test) 
Not genotoxic (in vitro and in vivo) 
BW gain, liver (organ weight ]’, clinical chemistry, histology); salivary 

glands (organ weight ]’, histology); stomach mucosa and bladder 
epithelium(histology); eye (cataracts), caecum (distention, organ weight ]’) 

NOAEL 100 mg/kg bw/day (2-yr rat) 
Reduced pup weight at parentally toxic doses. 
NOAEL 300 mg/kg bw/day 
Post-implantation loss, l~tal BW & ossification ,~; effects confined to 

maternally toxic doses 
Rat NOAEL: 300 mg/kg bw/day 
Rabbit NOAEL: 50 mg/kg bw/day 
No relevant effects, NOAEL: 2000 mg/kg bw/day 
0.5 mg/kg bw/day 
Based on developmental toxicity in rabbits 
0.1 mg/kg bw/day 
Based on maternal toxicity in rabbit teratogenicity study 

Rat, in vivo 
Human, in vitro, 
0.015 g glyphosate/L 

4-h exposure 

Critical study used lbr ADI 
setting 

Sal~ty factor 100 

Sal~ty factor 100 
Corrected for oral absorption 

of 20% 

was recently highlighted as requiring statistical significance, 

wherein the confidence interval of a relative risk ratio is 

bracketed above 1.0, as well as concluding that the associa- 

tion may not be attributable to bias, confounding or sampling 

error (Woodside and Davis 2013). According to Bradford Hill, 

should an epidemiology study be considered to demonstrate a 

"perfectly clear-cut" association between glyphosate exposure 

and a human health outcome, only then should the Bradford 

Hill criteria be investigated to determine whether there is 

causality. To date, no such "perfectly cleax-cut" association 

between glyphosate exposure and any cancer exists. However, 

investigative toxicology is an important discipline to evalu- 

ate chemicals before any human exposure occurs, and these 

data may inform subsequent considerations of whether asso- 

ciations are attributable to causality. One Bradford Hill crite- 

rion in establishing disease causality is plausibility, based on 

known disease etiologies. In the case of lymphoma, there are 

numerous etiologies for the numerous and different lymphoma 

diseases, and as such, each lymphoma type should be investi- 

gated for a plausible mechanism to determine whether causal- 

ity may be attributed an appropriately qualified association. 

Another Bradford Hill criterion is identification of a biological 

gradient, or dose-response, which is a key consideration in the 

following data evaluation. 

Chronic toxicity studies 

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

as reduced body weight gain of 10% or more (IUPAC 1997). 

For test substances with low toxicity, a top dose not exceeding 

1000 mg/kg bw/day may apply, except when human exposure 

indicates the need for a higher dose level to be used (OECD 

2012a). All human exposure estimates are well below 1 mg/kg 

bw/day (see Discussion section), so that 1000 mg/kg bw/day is 

a practical limit dose for glyphosate in caxcinogenicity studies. 

In the original pre-guideline chronic/caxcinogenicity study, 

rats were dosed well below the MTD (Monsanto 1981), but 

in many subsequent studies, they were dosed well in excess of 

today’s standaxd practice of not exceeding the dose limit. 

Dog chronic studies 

Five one-yeax oral toxicity studies have been conducted 

in Beagle dogs (Table 2). Studies in dogs are not designed 

to detect neoplastic effects; these studies axe therefore not 

discussed in detail. Nonetheless, the histopathological inves- 

tigations that axe paxt of one-yeax dog studies according to 

OECD TG 452 did not identify (pre) neoplastic lesions related 

to the administration of glyphosate. 

Treatment-related effects in dog studies with glyphosate 

were restricted to non-specific findings like small retarda- 

tions in body weight gain and soft stools, which axe common 

findings in this test species. The lowest relevant NOAEL (i.e. 

highest NOAEL below the lowest LOAEL) in dogs on a daily 

treatment regimen for one yeax was 500 mg/kg bw/day. These 

studies demonstrate that glyphosate is of very low toxicity 

following repeat exposures in dogs. 

Rat chronic studies 

The chronic toxicity potential of glyphosate acid was assessed 

in a 12-month feeding study (conducted in 1995 and 1996) in 
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Table 2. Summary of one-year toxicity studies with glyphosate. 

Authors: 

Reliability/Justification 

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

Authors: 

Reliability/Justification 
Substance: 
Species/Strain 
Administration route: 
Doses: 
Duration: 
Findings: 

Authors: 

Reliability/Justification 

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

Authors: 

Reliability/Justification 

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

Authors: 

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

Authors: 

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

Monsanto (1985) 

2 Study performed according to GLP and OECD guideline requirements, with the lbllowing deviation: MTD not 
reached by highest dose 

Glyphosate (96.1% pure) 
Dog/Beagle, groups of 6 d and 6 ~ 
Oral, capsule 
0, 20, 100, 500 mg/kg bw/day 
1 year 

> 500 mg/kg bw/day: NOAEL (d + ~) no treatment-related effects 

Cheminova (1990) 

1 Study performed according to GLP and OECD guideline requirements, with no deviations. 
Glyphosate (98.6-99.5% pure) 
Dog/Beagle, groups of 4 d and 4 ~ 
Oral, capsule 
0, 30, 300, 1000 mg/kg bw/day 
1 year 

300 mg/kg bw/day: NOAEL (d + ~) 
1000 mg/kg bw/day: soft, liquid stools (attributable to capsule administration); equivocal impact on body weight gain 

Nufarm (2007) 

2 Study performed according to GLP and OECD guideline requirements, with the lbllowing deviation: MTD not 
reached by highest dose 

Glyphosate (95.7% pure) 
Dog/Beagle, groups of 4 d and 4 ~ 
Oral, capsule 
0, 30, 125, 500 mg/kg bw/day 
1 year 

> 500 mg/kg bw/day: NOAEL (d + ~) 
No treatment-related effects 

Arysta Life Sciences (1997c) 

2 Study performed according to GLP and OECD guideline requirements, with the lbllowing deviation: MTD not 
reached by highest dose 

Glyphosate (94.6% pure) 
Dog/Beagle, groups of 4 d and 4 ~ 
Oral, diet 
0, 1600, 8000, 50 000 ppm diet (d about 34.1,182, 1203 mg/kg bw/day; ~ about 37.1,184, 1259 mg/kg bw/day) 
1 year 
182/184 mg/kg bw/day: NOAEL (d/~) 

At high dose: loose stool, non-statistically significant retarded body weight gain, decreased urinary pH, slight and 
non-statistically significant focal pneumonia (~), minor clinical chemistry changes of C1 ]’, albumin ,~, P ,~ (~) 

Syngenta (1996a) 

1 Study performed according to GLP and OECD guideline requirements, with no deviations. 
Glyphosate (95.6% pure) 
Dog/Beagle, groups of 4 d and 4 ~ 
Oral, diet 
0, 3000, 15 000, 30 000 ppm diet (d about 90.9, 440, 907 mg/kg bw/day; ~ about 92.1,448,926 mg/kg bw/day) 
1 year 
15 000 ppm diet: NOAEL (~) 
> 30 000 ppm diet: NOAEL (d): No treatment-related effects 

30 000 ppm diet: slight body weight reduction (~) 

Syngenta (1996b) 

1 Study performed according to GLP and OECD guideline requirements, with no deviations. 
Glyphosate (95.6% pure) 
Rat/Wistar Alpk: APfSD, groups of 24 d and 24 ~ 
Oral, diet 
0, 2000, 8000, 20 000 ppm diet (d about 141,560, 1409 mg/kg bw/day; ~ about 167, 671, 1664 mg/kg bw/day) 
1 year 
8000 ppm diet: NOAEL (d+~) 

20 000 ppm diet: parotid salivary glands (lbcal basophilia of the acinar cells considered non-adverse adaptive 
response, d: 13/24, ~: 15/24), body weight reduction 

24 male and female Wistar rats per group, dosed at 0, 2000, 

8000 and 20 000 ppm (Syngenta 1996). The mean achieved 

dose levels were 0, 141,560 and 1409 mg/kg bw/day for males, 

and 0, 167, 671 and 1664 mg/kg bw/day for females. Spastically 

significant reductions in bodyweight were evident in animals 

receiving 20 000 ppm glyphosate acid, together with a mar- 

ginal reduction in bodyweight in rats receiving 8000 ppm, but 

food consumption relative to controls was lower for these dose 

groups, suggesting reduced palatability of the diets containing 

these doses of glyphosate. There were no toxicologically 

significant or treatment-related effects on hematology, blood 

and urine clinical chemistry, or organ weights (Table 2). 

The treatment-related pathological finding, that is increased 

incidence of mild focal basophilia, and a hypertrophy of the 

acinax cells of the parotid salivary gland in both sexes which 

had received 20 000 ppm glyphosate acid, is considered an 

adaptive response due to oral irritation from the ingestion of 

glyphosate, an organic acid, in the diet. This was verified by 
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mode of action investigations and studies with dietaxy admin- 

istration of citric acid, a non-toxic organic acid with irritation 

properties and pH dilution curve similax to those of glyphosate 

(Saltmiras et al. 2011), which elicited the same response in the 

acinax cells of the paxotid salivary glands. 

In conclusion, the 12-month NOAEL in rats for glyphosate 

acid, as determined from this study, is 8000 ppm (correspond- 

ing to 560 mg/kg bw/day in males and 671 mg/kg bw/day 

in females). This study does not cover neoplastic endpoints. 

These were addressed in a subsequent study by the same spon- 

sor (Syngenta 2001). Consistent with the findings observed in 

dogs, this study demonstrates that glyphosate is of very low 

toxicological concern following long-term daily exposures. 

Similaxly, most of the following 2-yeax rat caxcinogenicity 

studies included additional groups for 1-year interim sacrifice 

to evaluate chronic toxicity. These studies did not elucidate sig- 

nificant toxicological concerns for chronic dietaxy exposures to 

glyphosate in rats in multiple expert reviews by governmental 

agencies and several technical branches of the World Health 

Organization including the Joint Meeting on Pesticide Resi- 

dues Toxicological Evaluations (WHO/FAO 2004a). 

Carcinogenicity studies 

Chronic/caxcinogenicity tests are designed to simulate lifetime 

exposures to an individual chemical and represent the most 

robust in vivo assay to evaluate the effects of chronic exposure 

including carcinogenicity. These models are biological sys- 

tems with natural background vaxiability due to tumor forma- 

tion as a natural consequence of aging. Glyphosate was found 

to have no carcinogenic potential, which is reflected in the data 

showing only background noise of spontaneous tumors across 

the wide range of doses. Normal biological vaxiability should 

display vaxious tumor types across all dose groups without an 

apparent dose-response. The study summaxies discuss "select 

neoplasms", identified by the authors as having an elevated 

incidence above concurrent controls across one or more dose 

groups, most of which lacked statistical significance and/or 

dose-response within an individual study. These tumors are 

then evaluated in the context of the whole data set, to provide 

a robust weight of evidence overview for the doses spanning 

several orders of magnitude. While not all studies have select 

neoplasms identified in the individual study summary tables, 

select neoplasms for all studies axe reported in Tables 20-23. 

Summary tables of the select neoplasms footnote the strain 

tested for each dose, to allow consideration of strain differ- 

ences in spontaneous tumor susceptibility (Tables 20-23). In 

addition, complete tumor incidence summaxy tables have been 

extracted from the original eight rat (the published rat study, 

Study 9, is not included) and five mouse study reports or study 

files, and posted in their original format, as a comprehensive 

online data supplement to this manuscript. 

Rat carcinogenicity 

A total of nine chronic/carcinogenicity studies in the rat, 

including one peer-reviewed published study, were available 

for review. This duplication of laxge-scale studies in the same 

animal model using the same test substance is not consistent 

with today’s broader appreciation for animal welfare and 

the reduction of unnecessary animal testing. However, these 

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

Study I (Monsanto 1981) 

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

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

In general, the incidences of all neoplasms observed in 
the treated and control animals were similar, or occurred at 
low incidence, such that a treatment-related association could 
not be made. The most common tumors found were common 
spontaneous neoplasms, as reported in the literature relating 
to rat (Johnson and Gad 2008), in the pituitary glands of both 

control and treated animals (Table 4). In the females, mam- 
maxy gland tumors were the next most common neoplasm 
across control and dose groups (see data Supplementary Study 
1 to be found online at http://informahealthcaxe.com/doi/absll 

0.3109110408444.2014.1003423 ). 

Table 3. Study 1-26-month l~eding study of glyphosate in rats (Monsanto 

1981). 

Study owner: 

Reliability/Justification: 

Substance: 
Species/Strain: 

Administration route: 
Concentration: 

Duration: 
Findings: 

Select neoplasms: 

Monsanto (1981) 

3 Study not performed under GLP. 
High-dose well below MTD. Does not 
conform to modern testing standards. 

Glyphosate (98.7% pure) 
Rat/Sprague-Dawley, groups of 50 d 

and 50 ~ 
Diet 
0, 30, 100, 300 ppm diet (d about 0, 3, 

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

26 months 
> 300 ppm diet: NOAEL (d + ~) 
No treatment-related effects 
Pituitary adenoma, Testes interstitial cell 
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Table 4. Study 1 - Pituitary tumor findings. 

Dose group (mg/kg bw/day) 

Males Females 

Tumors 0 3.05 10.3 31.49 0 3.37 11.22 34.02 

Pituitary tumors Number of animals/total number examined (% per group) 
Adenomas- B 16/48 (33) 19/49 (39) 20/48 (42) 18/47 (38) 34/48 (70) 29/48 (60) 31/50 (62) 26/49 (53) 
Carcinomas - M 3/48 (6) 2/49 (4) 3/48 (6) 1/47 (2) 8/48 (17) 7/48 (14) 5/48 (19) 12/49 (24) 
Combined 19/48 (40) 21/49 (43) 23/48 (48) 19/47 (40) 42/48 (88) 36/48 (75) 36/50 (72) 38/49 (78) 

B benign, M malignant 

The incidence of interstitial cell tumors of the testes in male 

rats in both the scheduled terminal sacrifice animals, as well as 

for all animals, suggested a possible treatment-related finding, 

and was presented along with contemporaxy historical control 

data for compaxison (Tables 5 and 6). It was noted that at 12 

months, the incidence of interstitial tumors was neax zero; how- 

ever, in animals aged 24-29 months at necropsy, the incidence 

increased to approximately 10%. The historical control data for 

chronic toxicity and caxcinogenicity from 5 studies terminated 

at 24-29 months showed background levels of interstitial cell 

tumors compaxable to those found at the highest dose in the 

study. Furthermore, the reported incidences in all dose groups 

reflect the normal range of interstitial cell tumors in rat testes, 

reported in the Registry of Industrial Toxicology Animal Data 

(Nolte et al. 2011). The incidence of interstitial cell hyperplasia 

did not provide evidence of a pre-neoplastic lesion. The inves- 

tigators noted that at terminal sacrifice, the incidence of inter- 

stitial cell tumor was 15.4% (4/26), while the range in control 

animals from 5 contemporaxy studies (historical controls) was 

6.2% (4/65) to 27.3% (3/11), with an overall mean value of 9.6% 

(16/166). When a]l animals on test axe included, the incidence 

for the high-dose males was 12% (6/50), compaxed to a contem- 

poraxy historical control range of 3.4% (4/116) to 6.7% (5/75), 

with a mean of 4.5% (24/535). The concurrent control incidence 

of interstitial cell tumors (0%) was not representative of the 

normal background incidence noted in contemporaxy historical 

control data. Therefore, the data suggest that the incidence in 

treated rats is within the normal biological vaxiation observed for 

interstitial cell tumors at this site in this strain of rat. When evalu- 

ated in the context of the full data set for male rats (Table 20), a 

dose-response is cleaxly absent for the 25 doses evaluated in rats, 

ranging from 3 to 1290 mg/kg bw/day, which demonstrates that 

this tumor is cleaxly not a consequence of glyphosate exposure. 

In conclusion, glyphosate was not considered caxcinogenic 

in Sprague Dawley rats following continuous dietaxy exposure 

of upto 300 ppm, corresponding to 31 and 34 mg/kg bw/day in 

males and females, respectively, which is consistent with evalu- 

ations by the US EPA (US EPA 1993), the original Annex I list- 

ing in Europe (EC 2002), and WHO/FAO (WHO/FAO 2004a). 

Based on the low doses tested in Study 1, Monsanto was 

obliged to conduct a second chronic/carcinogenicity study in 

rats (Study 2, discussed below) in accordance with OECD TG 

453 (1981), which had been developed and instituted after this 

initial study was conducted. 

Study 2 (Monsanto 1990) 

In response to evolving regulatory requirements, this study 

was conducted in accordance with the contemporary version 

of OECD TG 453 (Monsanto 1990). The chronic toxicity 

and caxcinogenic potential of glyphosate were assessed in a 

24-month feeding study in 50 male and 50 female Sprague 

Dawley rats, dosed with 0, 2000, 8000 and 20 000 ppm (equiv- 

alent to mean achieved dose levels of 0, 89, 362 and 940 mg/ 

kg bw/day for males and 0, 113,457 and 1183 mg/kg bw/day 

for females (Table 7). In addition, 10 rats per sex per dose were 

included for interim sacrifice after 12 months. Observations 

covered clinical signs, ophthalmic examinations, body weight, 

food consumption, hematology, clinical chemistry and urinal- 

ysis, as well as organ weights, necropsy, and histopathological 

examination. This study was rated Klimisch 1 for reliability. 

Treatment-related findings in this study were significantly 

reduced body weight in high-dose females, as well as increased 

liver weight in high-dose males and females, and a slight 

increase in incidence of cataxact lens changes in high-dose 

males, which was not statistically significant for eye lesions 

confirmed by histopathology (Table 7). The body weight 

changes confirm that the MTD was achieved in the highest 

dose group. Benign thyroid C-cell adenomas were statistically 

higher than controls in the mid-dose terminally sacrificed 

males, but when pooled with unscheduled deaths, no statis- 

tically significant increase was noted. Benign pancreas islet 

cell adenomas were not statistically higher for the unscheduled 

or scheduled deaths, but when combined, were statistically 

higher than controls in the low and high dose males. In both 

cases, the benign tumors did not exhibit a dose-response, and 

did not progress to caxcinomas, and thus the US EPA con- 

cluded that these tumors were not related to the administration 

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

Tumors 

Interstitial cell tumor - B 
Terminal sacrifice 
All Animals 
Interstitial cell hyperplasia 
Terminal sacrifice 
All Animals 

Dose (mg/kg bw/day) 

0 3.05 10.3 31.49 

Number of animals/total number examined (% per group) 
0/15 (0)        2/26 (7.7)     1/16 (6.3) 4/26 (15.4) 
0/50 (0) 3/50 (6) 1/50 (2) 6/50 (12) 

Number of animals (% per group) 
1/15 (6.7) 1/26 (3.8) 0/16 (0) 0/26 (0) 
1/50 (2) 1/50 (2) 1/50 (2) 0/50 (0) 

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

Study 1 Study 2 Study 3 Study 4 Study 5 

Number of control animals/total number examined (% per study) Range 

Terminal sacrifice 4/65 (6.2) 3/11 (27.3) 3/26 (11.5)    3/24 (12.5)    3/40 (7.5) 6.2-27.3% 
All animals 4/116 (3.4) 5/75 (6.7)    4/113 (3.5)    6/113 (5.3)    5/118 (4.2) 3.4-6.7% 

of glyphosate (US EPA 1993). These neoplasms, in addition 

to skin keratoacanthoma in males, a common rat tumor, were 

selected for further weight of evidence evaluation (Tables 20 

and 21). No evidence of a glyphosate-induced caxcinogenic 

effect was noted in either sex (see data Supplementary Study 

2 to be found online at http://informahealthcaxe.com/doi!abs/ 

10.3109/10408444.2014.1003423). 

In conclusion, glyphosate was not caxcinogenic in Sprague 

Dawley rats following continuous dietary exposure of up to 

20000 ppm for 24 months, corresponding to 940 and 1183 

mg/kg bw/day in males and females, respectively, which is 

consistent with evaluations by the US EPA (US EPA 1993), 

European Authorities (EC 2002), and WHO/FAO (WHO/ 

FAO 2004a). 

Study 3 (Cheminova 1993a) 

The chronic toxicity and carcinogenic potential of glyphosate 

technical acid were assessed in a 104-week feeding study in 

male and female Sprague Dawley rats (Cheminova 1993a). 

The study was conducted between 1990 and 1992. Groups 

of 50 rats per sex received daily dietaxy doses of 0, 10, 100, 

300, or 1000 mg/kg bw/day of glyphosate technical acid for 

24 months (Table 8). Five additional groups of 35 rats per sex, 

receiving daily dietary doses of, 0, 10, 100, 300 or 1000 mg/kg 

bw/day, were included for interim sacrifice at the 12th month 

for evaluation of chronic toxicity. The dietary glyphosate 

levels were adjusted weekly to ensure that animals were receiv- 

ing the intended dose levels at all times. This study was rated 

Klimisch 1 for reliability. 

At 1000 mg/kg bw/day, female mean liver weights were 

decreased, while males and females had statistically significant 

reductions in body weight throughout the study, confirming 

that the MTD was achieved (Table 8). Neoplasms were noted 

in control and treated groups, but dose-responses were not 

evident, and no statistically significant increases versus 

controls were noted for any tumor type (p < 0.05). No treat- 

ment-related neoplastic lesions were observed at termination, 

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

Study owner: 

Reliability/Justification: 

Substance: 
Species/Strain: 

Administration route: 
Concentration: 

Duration: 
Findings: 

Select neoplasms: 

Tumor 
Males 
Findings for dead and moribund sacrificed animals 

Pancreas: Islet call adenoma - B 1/34 (3%) 4/28 (14%) 
Skin: Keratoacanthoma-B 0/36 1/31 (3%) 
Thyroid: C cell adenoma - B 0/36 2/29 (7%) 
Thyroid: C cell carcinoma - M 0/36 1/29 (3%) 

Findings for animals sacrificed at termination 
Pancreas: Islet call adenoma - B 0/14 4/19 (21%) 
Skin: Keratoacanthoma-B 0/13 2/19 (11%) 
Thyroid: C cell adenoma - B 0/14 2/19 (11%) 

Thyroid: C cell carcinoma - M 0/14 0/19 
Females 0 113 
Findings for dead and moribund sacrificed animals 

Pancreas: Islet call adenoma - B 3/28 (11%) 0/28 
Thyroid: C cell adenoma - B 0/28 0/28 
Thyroid: C cell carcinoma - M 0/28 0/28 

Findings for animals sacrificed at termination 
Pancreas: Islet call adenoma - B 2/22 (9%) 1/22 (5%) 
Thyroid: C cell adenoma - B 2/22 (9%) 2/22 (9%) 
Thyroid: C cell carcinoma - M 0/22 0/22 

Monsanto (1990) 

1 Study perlbrmed according to GLP and OECD guideline requirements, with no 
deviations. 
Glyphosate (96.5% pure) 
Rat/Sprague-Dawley, groups of 50 d and 50 9 (10 rats per sex per dose were 

included fbr interim sacrifice after 12 months). 
Diet 
0, 2000, 8000, 20 000 ppm diet (d about 0, 89, 362, 940 mg/kg bw/day; 9 about 0, 
113,457, 1183 mg/kg bw/day) 
2 years 

8000 ppm diet: NOAEL 
20 000 ppm diet: cataracts (d), > 20% reduced cumulative body weight gain 
through months 18-20 (9), 13% increased liver weight (d). Local effects: 
inflammation of gastric mucosa 
Pancreatic islet cell adenoma, skin keratoacanthoma (males), thyroid C cell 
adenoma 

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

2/33 (6%) 4/32 (13%) 
2/33 (6%) 1/32 (3%) 
1/31 (3%) 1/33 (3%) 
2/31 (6%) 1/33 (3%) 

3/17 (6%) 3/17 (6%) 
2/17 (12%) 2/17 (12%) 

"7/17 (41%) 4/17 (24%) 

0/17 0/17 
457 1183 

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

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

0/17 0/18 

B benign, M malignant 
*Statistically higher than controls (p < 0.05, Fisher’s Exact Test with the Bonferroni Inequality). 
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Table 8. Study 3 - Two-year l~eding study of glyphosate in rats 

(Cheminova 1993a). 

Study owner: Cheminova (1993a) 
Reliability/ 1 Study performed according to GLP and OECD 
Justification: guideline requirements, with no deviations. 
Substance: Glyphosate (98.7-98.9% pure) 
Species/Strain: Rat/Sprague-Dawley, groups of 50 d and 50 ~ 

(additional groups of 35 d and 35 ~per dose were 

included for 1-year interim sacrifice) 
Administration route: Diet 
Achieved dose:     d+~: 0, 10, 100, 300, 1000 mg/kg bw/day 

(weekly adjustment of dietary concentration for 
the first 13 weeks and 4-weekly thereafter) 

Duration: 2 years 
Findings: 300 mg/kg bw/day: NOAEL (d + ~) 

1000 mg/kg bw/day: body weights ,~, urinary pH 
,~, salivary glands (histopathology, organ weight 
]’); evidence of weak liver toxicity (alkaline 

phosphatase ]’, ~: organ weight ,~) 
Select neoplasms: No neoplasms from this study were identified for 

further consideration. 

and no select neoplasms were identified in this study for further 

consideration (see data Supplementary Study 3 to be found 

online at http://informahealthcaxe.com/doi/abs/lO.3109/10408 

444.2014.1003423). Glyphosate was not considered carcino- 

genic in male and female Sprague Dawley rats following 104 

weeks of continuous dietaxy exposure of up to 1000 mg/kg 

bw/day, the limit dose, which is consistent with evaluations 

by the European Authorities (EC 2002, Germany Rapporteur 

Member State 2015b) and WHO/FAO (WHO/FAO 2004a). 

Study 4 (Feinchemie Schwebda 1996) 

A 2-year bioassay in the Wistar rat used dietary glyphosate 

levels of 0, 100, 1000, and 10 000 ppm (Feinchemie 

Schwebda 1996). Groups of 50 rats per sex were fed for 

24 months. The mean achieved dose levels were 0, 7.4, 

Glyphosate - Fourteen carcinogenicity studies 193 

73.9, and 740.6 mg/kg bw/day (Table 9). This study was 

rated Klimisch 1 for reliability. 

In addition, one vehicle control with ten rats per sex and one 

high dose (10 000 ppm) group with 20 rats per sex were included 

for interim sacrifice after one year of treatment, to study non- 

neoplastic histopathological changes. The mean achieved dose 

level in the treated group was 764.8 mg/kg bw/day. Observa- 

tions covered clinical signs, body weight, food consumption, 

hematology, clinical chemistry, and urinalysis, as well as organ 

weights, necropsy, and histopathological examination. 

There were no treatment-related deaths or clinical signs in 

any of the dose-groups. Moreover, there were no treatment- 

related effects on body weight gain or food consumption noted. 

This suggests that the MTD may not have been reached by the 

applied dosing regimen. 

There was some background vaxiation in the incidences of 

benign tumors (e.g. reduced tumor incidence in low and mid- 

dose males, increased tumor incidence in middose females), 

which was considered incidental in absence of a dose-response 

relationship (see data Supplementary Study 4 to be found 

online at http://informaJaealthcaxe.com/doi!abs/lO.3109/1040 

8444.2014.1003423). 

The different liver tumors observed in the dead and 

moribund sacrificed and terminally sacrificed rats included 

hepatocellular adenoma, intrahepatic bile duct adenomas, 

cholangiocaxcinoma, hepatocellular caxcinoma, histiocytic 

sarcoma, fibrosarcoma, and lymphosaxcoma. Among these, 

hepatocellular adenomas and carcinomas occurred more fre- 

quently, as often observed in aging rats (Thoolen et al. 2010). 

These tumors appeared to be incidental and not compound- 

related, as their frequency of occurrence was not dependent 

on dose. Hepatocellulax adenomas and carcinomas were 

considered select neoplasms (Table 9), based on increased 

incidence above controls for total animals, albeit non-dose 

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

Study owner: 

Reliability/Justification: 

Substance: 
Species/Strain: 
Administration route: 
Concentration: 

Duration: 
Findings: 

Select neoplasms: 
Tumor 
Males 
Findings for dead and moribund sacrificed animals 

Hepatocellular adenoma - B 
Hepatocellular carcinoma - M 
Findings for animals sacrificed at termination 
Hepatocellular adenoma - B 
Hepatocellular carcinoma - M 

Feinchemie Schwebda (1996) 

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

Glyphosate (96.0-96.8% pure) 
Rat/Wistar, groups of 50 d and 50 ~ 
Diet 
0, 100, 1000, 10 000 ppm diet (d about 0, 6.3, 59.4, 595 mg/kg bw/day; ~ about 0, 

8.6, 88.5, 886 mg/kg bw/day) 
2 years 
10 000 ppm diet: > NOAEL (d+~) 

Only mild effects on clinical chemistry (liver enzymes), without histopathological 
changes. 

Hepatocellular adenoma, hepatocellular carcinoma 
Dose (mg/kg bw/day) 

0 7.4 73.9 741 

9/30 (30%) 9/30 (30%) 6/32 (19%) 6/21 (29%) 
12/30 (40%) 12/30 (40%) 9/32 (28%) 5/21 (24%) 

15/20 (75%) 13/20 (65%) 4/16 (25%) 15/20 (75%) 
9/20 (45%) 16/20 (80%) 9/16 (56%) 19/29 (66%) 

Females 
Findings for dead and moribund sacrificed animals 

Hepatocellular adenoma - B 
Hepatocellular carcinoma - M 

Findings for animals sacrificed at termination 
Hepatocellular adenoma - B 
Hepatocellular carcinoma - M 

Dose (mg/kg bw/day) 
0           7.4         73.9         741 

2/26 (8%) 8/23 (3%) 3/17 (18%) 5/29 (17%) 
4/26 (15%) 4/23 (17%) 2/17 (12%) 5/29 (17%) 

16/24 (67%) 10/25 (40%) 16/32 (50%) 8/21 (38%) 
6/24 (25%) 11/25 (44%) 12/32 (38%) 4/21 (19%) 

B benign, Mmalignant 
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responsive, for adenoma in mid-dose females, carcinoma in 
low- and high-dose males, and carcinoma in low- and mid-dose 
females. These liver neoplasms axe considered in the weight of 

evidence evaluation (Tables 20 and 21). 
The study report concluded that glyphosate technical acid 

was not carcinogenic in Wistax rats following continuous 
dietaxy exposure of up to 595 and 886 mg/kg bw/day in males 
and females, respectively, for 24 months, which is consistent 
with evaluations by the European Authorities (EC 2002, Ger- 
many Rapporteur Member State 2015b). 

Study 5 (Excel 1997) 

A 2-year feeding study in the Sprague Dawley rats (Excel 

1997) featured dietaxy concentrations of 0, 3000, 15 000, and 

25 000 ppm glyphosate technical acid. Groups of 50 rats per 

sex were fed for 24 months, and mean dose levels of 0, 150, 

780 and 1290 mg/kg bw/day (males) and 0, 210, 1060 and 

1740 mg/kg bw/day (females) were achieved (Table 10). 

In addition, 20 rats/sex/group were included for interim 

sacrifice at week-52, to study non-neoplastic histopathological 

changes with a different high-dose level of 30 000 ppm. The 

dietaxy doses correspond to 180, 920 and 1920 mg/kg bw/day 

(males) and 240, 1130 and 2540 mg/kg bw/day (females), for 

3000, 15 000 and 30 000 ppm, respectively. Thus, a limit dose 

above 1000 mg/kg bw/day was achieved. 

The study report notes that glyphosate technical acid was 

not carcinogenic in Sprague Dawley rats following continuous 

dietary exposure to up to 1290 mg/kg bw/day, and 1740 mg/kg 

bw/day for males and females, respectively, for 24 months. How- 

ever, this study was rated Klimisch 3 for reliability (Germany 

Rapporteur Member State 2015b), and therefore, is considered 

unreliable for caxcinogenicity evaluation based on lower than 

expected background tumor incidences (see data Supplemen- 

taxy Study 5 to be found online at http://informahealthcare.com/ 

doi!abs/10.3109/10408444.2014.1003423). In addition, the test 

substance was not adequately chaxacterized, and several devia- 

tions from the OECD Test Guideline 453 were noted. 

Study 6 (Arysta Life Sciences 1997b) 

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

Non-statistically significant increases versus controls 
(p < 0.05) were noted for pituitary adenomas, skin keratoa- 
canthoma in high-dose males, and mammaxy gland fibroad- 

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

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

Study owner: 
Reliability/Justification: 

Substance: 
Species/Strain: 

Administration route: 
Concentration: 

Duration: 
Findings: 

Select neoplasms: 

Males 

Mortality 
Females 

Mortality 

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

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

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

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

day; ~ about 0, 240, 1130, 2540 mg/kg bw/day) 
2 years 
> 25 000 ppm diet: NOAEL (d+~) 

Only mild toxic effects, such as clinical chemistry of questionable relevance in aged rats, 
without correlating histopathological organ changes. 

No neoplasms from this study were identified for further consideration. Low background 
tumor incidence indicates low study reliability with no relevant increases in the 
incidence of tumors. 

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

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

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

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

Select neoplasms: 
Tumor 

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

Pituitary anterior adenoma - B 

Skin keratoacanthoma - B 
Findings for animals sacrificed at termination (after 104 weeks, Table 25-8) 

Lung adenoma - B 
Pituitary anterior adenoma - B 
Pituitary adenoma in intermediate part - B 
Skin keratoacanthoma - B 

Tumor 
Females 

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

Arysta Life Sciences (1997b) 
1 Study perlbrmed according to GLP and OECD guideline requirements, with no deviations. 
Glyphosate (94.6-97.6% pure) 
Rat/Sprague-Dawley, groups of 50 d and 50 ~; satellite groups of 30 d and 30 ~for interim investigations 
Diet 
0, 3000, 10 000, 30 000 ppm diet (d about 0, 104, 354, 1127 mg/kg bw/day; ~ about 0, 115, 393, 1247 mg/kg bw/day) 
2 years 
3000 ppm diet: NOAEL (d+~) 

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

Pituitary adenoma, skin keratoacanthoma (males), mammary gland fibroadenoma (females) 
Dose (mg/kg bw/day) 

0 104 354 1127 

22/32 (69%) 21/30 (70%) "14/32 (44%) 18/21 (86%) 

2/32 (6%) 1/30 (3%) 0/32 1/21 (5%) 

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

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

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

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

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

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

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

Study 7 (Syngenta 2001) 

The same rat model that was used in the previously discussed 

12-month chronic rat study (Syngenta 1996b) was also 

employed in a 2-yeax feeding study (Syngenta 2001). A group 

of 52 male and 52 female Wistar rats received 0, 2000, 6000 

or 20 000 ppm via feed (Table 12). The mean achieved dose 

levels were 0, 121, 361 and 1214 mg/kg bw/day for males, 

and 0, 145, 437 and 1498 mg/kg bw/day for females. Thus, 

a limit dose was achieved. In addition, three satellite groups 

with 12 rats per sex each were included for interim sacrifice 

after 12 months of treatment, to investigate potential non- 

neoplastic histopathological changes. Observations covered 

clinical signs, body weight, food consumption, hematology, 

clinical chemistry, and urinalysis, as well as organ weights, 

necropsy, and histopathological examination. This study was 

rated Klimisch 1 for reliability. 

Treatment-related findings in this study were found in the 

liver and kidney, and were confined to animals (predomi- 

nantly males) fed 20 000 ppm glyphosate acid. There were 

a number of changes in males and females fed 20 000 ppm 

glyphosate acid, notably renal papillary necrosis, prostatitis, 

periodontal inflammation, urinary acidosis, and hematuria, 

which may be attributed to the acidity of the test substance. 

Slight increases in proliferative cholangitis and hepatitis 

were noted in males at 20 000 ppm. Despite the findings at 

20 000 ppm, survival was better in males fed 20 000 ppm 

than in the controls and lower dose groups. This improved 

survival was associated with a decreased severity of renal 

glomerular nephropathy and a 5% reduction in body weight 

(see data Supplementary Study 7 to be found online at http:// 

informahealthcare.com/doi/abs/10.3109/10408444.2014. 

1003423, for neoplastic and non-neoplastic findings). 

A small increase in the incidence of hepatocellular adenoma 

was observed in males fed 20 000 ppm glyphosate acid. While 

not statistically significant using the Fisher’s exact test, the 

difference was statistically significant for total male rats using 

the Peto Test for trend. However, there was no evidence of 

pre-neoplastic foci, no evidence of progression to adenocaxci- 

nomas, and no dose-response. In addition, the incidence was 

within the laboratory’s historical control range for tumors of 

this type in the liver (Table 12). Therefore, the increased inci- 

dence was considered not to be related to treatment, yet these 

were considered select neoplasms (Table 12) and evaluated in 

context of the complete data set (Tables 20 and 21). 

The study report concluded that glyphosate acid was not 

caxcinogenic in the Wistar rats following continuous dietary 

exposure to up to 20 000 ppm for 24 months, at 1214 and 

1498 mg/kg bw/day in males and females, respectively, which 

is consistent with the WHO/FAO review (WHO/FAO 2004a) 

and the recent evaluation in Europe under the Annex I Renewal 

of glyphosate (Germany Rapporteur Member State 2015b). 

Study 8 (Nufarm 2009b) 

The most recent study in this series of regulatory studies 

investigating the potential carcinogenicity of glyphosate in 

rats was conducted from September 2005 through March 2008 

(Nufarm 2009b). The study was conducted by feeding dietary 

concentrations of 0, 1500, 5000 and 15 000 ppm glyphosate 

to groups of 51 Wistax rats per sex. To ensure that a received 

limit dose of 1000 mg/kg bw/day overall was achieved, the 

highest dose level was progressively increased to 24 000 ppm. 
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Table 12. Study 7 - Two-year feeding study of glyphosate in rats (Syngenta 2001). 

Study owner: 

Reliability/Justification 
Substance: 
Species/Strain 

Administration route: 
Concentration: 

Duration: 
Findings: 

Select neoplasms: 

Males 
Liver 
Hepatocyte fat vacuolation 
Hepatitis 
Kidney 

Syngenta (2001) 

1 Study perlbrmed according to GLP and OECD guideline requirements, with no deviations. 
Glyphosate (97.6% pure) 
Rat/Wistar Alpk: APfSD, groups of 52 d and 52 9 (additional 12 animals per sex and dose for 

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

1498 mg/kg bw/day) 
2 years 
6000 ppm diet: NOAEL (d+~) 

20 000 ppm diet: Kidney and liver findings. Increased survival due to reduction in CPN, 
prostatitis, periodontal inflammation 

Hepatocellular adenoma (males), not a statistically significant increase for the high dose using 
the Fisher’s exact test, but statistically significant using Peto trend analysis 

Dose (mg/kg bw/day) 
0 121 361 1214 

6 
3 

7 
4 

11 11 
2 5 

Dose (mg/kg bw/day) 
Females 0 145 437 
Liver 
Hepatocyte fat vacuolation 7 5 6 
Hepatitis 6 5 4 
Tumors: Dose (mg/kg bw/day) 
Males 0 121 361 
Findings for dead and moribund sacrificed animals 

*Hepatocellular adenoma - B 0/37 2/36 (6%) 0/35 

Hepatocellular carcinoma - M 0/37 0/36 0/35 
Findings for animals sacrificed at termination 

*Hepatocellular adenoma- B 0/16 0/17 0/18 

Hepatocellular carcinoma - M 0/16 0/17 0/18 

1498 

6 
4 

1214 

3/26 (12%) 

0/26 

2/26 (8%) 

0/26 

B benign, M malignant 
*Historical Control Range: 0-11.5% total males with hepatocellular adenoma, 26 studies, 1984-2003 

Mean dose levels of 86/105, 285/349, and 1077/1382 mg 

glyphosate/kg bw/day (males/females) were achieved 

(Table 13). This study was rated Klimisch 1 for reliability. 

Non-neoplastic findings included transient liver enzyme 

activity for mid-dose males and high-dose males and females, 

and equivocal nephrocalcinosis depositions at the high-dose. 

Histopathology noted a statistically significant increase in 

adipose infiltration of the bone maxrow in high-dose males 

compaxed to controls, suggestive of myeloid hypoplasia, which 

may be considered a stress response (Everds et al. 2013). 

Skin keratoacanthoma in males and mammaxy gland 

adenocarcinoma in females (Table 13) were considered 

for evaluation in the context of the weight of evidence for 

rat tumor incidence (Tables 20 and 21), wherein dose- 

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

Study owner: 

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

Duration: 
Findings: 

Select neoplasms: 

Nulhrm (2009a) 

1 Study performed according to GLP and OECD guideline requirements, with no deviations 
Glyphosate (95.7% pure) 
Rat/Wistar, groups of 51 d and 51 ~ 
Diet 
0, 3000, 10 000, 15 000 ppm diet, the top dose was progressively increased to reach 24 000 ppm diet by Week-40 (d 

about 0, 84, 285, 1077 mg/kg bw/day; ~ about 0, 105, 349, 1382 mg/kg bw/day) 
2 years 

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

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

Tumor 
Males 
Findings for all animals 
Skin keratoacanthoma - B 

Females 
Findings for all animals 
Mammary gland adenocarcinoma - M 

Dose (mg/kg bw/day) 
0 84 285                       1077 

2/51 (4%) 3/51 (6%) 0/51 6/51 (12%) 
Dose (mg/kg bw/day) 

0 105 349 1382 

2/51 (4%) 3/51 (6%) 1/51 (2%) 6/51 (12%) 

B benign, Mmalignant 
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responses were not evident. Tumor incidence summaxy data 

have been tabulated (see data Supplementaxy Study 8 to be 

found online at http://informahealthcare.com/doi/abs/10.3109/ 

10408444.2014.1003423). Microscopic evaluation of tissues 

did not reveal any indications of neoplastic lesions caused 

by glyphosate treatment. The study report concluded that 

glyphosate acid was not carcinogenic in Wistar rats follow- 

ing continuous dietaxy exposure to up to 24 000 ppm for 24 

months, at 1077 and 1382 mg/kg bw/day in males and females, 

respectively, which is consistent with the recent evaluation in 

Europe under the Annex I Renewal of glyphosate (Germany 

Rapporteur Member State 2015b). 

Study 9 Publication (Chruscielska et al. 2000a) 

A two-yeax combined chronic toxicity and caxcinogenicity 

study in Wistar rats was published by academic researchers 

from Warsaw, Poland. The study was conducted as a drinking- 

water study in Wistar-RIZ rats according to OECD TG 453. 

The test material was a 13.85% aqueous formulation of gly- 

phosate as its ammonium salt (equivalent to 12.6% glyphosate 

acid). However, the ammonium salt of glyphosate tested is not 

commercially available, and the concentration of active ingre- 

dient suggests that a glyphosate-formulated product was tested; 

this is supported by a concurrent genotoxicity publication by 

the same lead author (Chruscielska et al. 2000b), previously 

reviewed by Kier and Kirkland (Kier and Kirkland 2013), in 

which a glyphosate formulation, Perzocyd, was tested. Defi- 

ciencies noted with respect to OECD TG 453 include insuf- 

ficient dosing to elicit toxic efffects, inadequate test material 

chaxacterization, no reporting of water/feed consumption, 

body weights and diet composition, and no individual animal 

data. Although the manuscript reporting deficiencies may 

have been included in the study, they were not reported in the 

manuscript, and could warrant a Klimisch reliability score of 

4 (not assignable), but the low doses employed in this study 

justify a Klimisch reliability score of 3. 

The test material was administered in water at glyphosate 

salt concentrations of 0, 300, 900, and 2700 mg/L. Each dose 

group consisted of 85 animals per sex. Ten animals per sex and 

dose were sacrificed after 6, 12, and 18 months of exposure, for 

evaluation of general toxicity. The remaining 55 animals per sex 

and dose were scheduled for sacrifice after 2 years of exposure. 

Water consumption was claimed to have been measured, but 

these data have not been reported. To estimate the glyphosate 

doses received via drinking water, the assumed default water 

consumptions were 50 and 57 mL/kg bw/day by male and 

female rats, respectively (Gold et al. 1984). Using these stan- 

daxd figures and the glyphosate content of the tested formula- 

tion (12.6%), daily doses axe estimated at 0, 1.9, 5.7, and 17 mg 

of glyphosate/kg bw/day for males and 0, 2.2, 6.5, and 19 mg 

of glyphosate/kg bw/day for females. As this study appeaxs to 

have tested a formulated product, data were not included in the 

weight of evidence review (Tables 20 and 21), but given the 

very low glyphosate doses and reported low tumor incidence, 

these were of no consequence to the overall data review. 

Exposure to glyphosate ammonium salt had no efffect on 

body weight, appearance and behavior, and hematological 

paxameters, which is consistent with glyphosate chronic 

toxicity data regulatory reviews. Even though there seems to 

be a trend towaxds higher 2-year mortality in treated females 
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(Table 14), this difference had no statistical significance 

according to the authors. There were sporadic alterations of 

clinical-chemical and urinalysis parameters, but not in a con- 

sistent fashion over time and without dose-dependence. These 

alterations were not interpreted as treatment-related. There was 

no efffect of glyphosate on the incidence of neoplastic lesions 

(Table 14). Thus, the NOAEL for chronic toxicity and caxci- 

nogenicity in this study was greater than or equal to 17 and 19 

mg glyphosate/kg bw/day, in males and females, respectively. 

Due to the lack of systemic efffects in the highest dose 

group, the MTD was not reached by this study. Judging 

from other rat studies reviewed here, the MTD is likely to 

be greater than 1000 mg/kg bw/day. Thus, the top glyphosate 

dose of an estimated 19 mg/kg bw/day in this study is too low 

to satisfy regulatory validity criteria for a carcinogenicity 

study. 

Mouse carcinogenicity 

There are a total of five carcinogenicity studies with 

glyphosate in mice, that have been submitted to support 

glyphosate Annex I renewal in the European Union. All but 

the oldest study (Study 10) were considered reliable without 

restriction, and were performed under conditions of GLP fol- 

lowing OECD TGs. Most studies were conducted in the CD-1 

strain. Each study was sponsored by a diffferent manufacturer. 

In each case, technical grade glyphosate was administered 

via diet for at least 18 months. Select neoplasms, mostly 

lymphoreticular, liver and lung, are summarized for all 

mouse chronic studies in Tables 22 and 23. These neoplasms 

are widely recognized as occurring spontaneously in aging 

mice (Gad et al. 2008, Son and Gopinath 2004). Lympho- 

mas have been recognized for many years as one of the most 

common, if not the most common category of spontaneous 

neoplastic lesions in aging mice (Brayton et al. 2012, Gad 

et al. 2008, Son and Gopinath 2004). The subclassification 

of malignant lymphomas is not a typical diagnostic feature in 

rodent studies, likely due to either expense and/or feasibility. 

It is, however, important to recognize that lymphomas are 

not a single type of neoplasm, rather they are a grouping 

of diffferent neoplasms arising from diffferent pathogeneses, 

and should be considered as diffferent diseases (Bradley et al. 

2012). As is the case for NHL in humans, these diffferent 

immune system neoplasms are clustered together based on 

manifestation in lymphocytes, despite their very diffferent 

etiologies; for example, the most common subset of NHL 

lymphomas clustered together as "diffuse large B cell lym- 

phomas", have for many years been considered multiple 

clinical-pathologic entities (Armitage 1997), and therefore 

may be considered attributable to different modes of action. 

Chronic endpoints and NOAEL values are captured in each 

study summary table; however, the following study reviews 

focus on carcinogenicity. 

Study 10 (Monsanto 1983) 

The first chronic-carcinogenicity mouse study with glyphosate 

was conducted between March 1980 and March 1982 

(Monsanto 1983), prior to the institution of GLP (Table 15). 

The study design was essentially in compliance with OECD 

TG 451 for carcinogenicity studies, adopted in 1981, when 
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Table 14. Publication, Study 9 - Two-year drinking water study in rats with 13.85% glyphosate ammonium salt (Chruscielska et al. 2000a). 

Authors: 

Reliability/Justification: 

Substance: 
Species/Strain: 

Administration route: 
Concentration: 

Duration: 
Findings: 

Tumors reported for 85 rats/sex/dose: 

Two-year mortality 
Lungs 

Lymphoma 
Histiocytoma 
Adenocarcinoma 
Histiocytoma, malignant 
Spleen, leukemia 
Kidneys, Fibrous histiocytoma 

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

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

Mammary gland 
Fibroma 
Fibroadenoma 
Adrenal medulla, adenoma 
Thymus, lymphoma 
Testis, Leydigoma 

Subcutaneous tissue 
Fibroma 
Lipoma 
Cystadenoma 

Lymph nodes 
Lymphoma 
Lymphoma, malignant 
Skin, carcinoma 
Prostate, adenoma 

Chruscielska et al. (2000a) 

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

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

Highest dose did not elicit toxicity. 
Ammonium salt of glyphosate, 13.85% solution 
Rat/Wistar -RIZ outbred, 85 d and 85 ~ per dose group. 10 d and 10 ~each were sacrificed after 

6, 12, and 18 months of exposure. 
Drinking water 
0, 300, 900, and 2700 mg/L 
Estimated glyphosate intake: d: 0, 1.9, 5.7, and 17 mg/kg bw/day. ~: 0, 2.2, 6.5, and 19 mg/kg 

bw/day, based on assumed water consumptions of 50/57 mL/kg bw/day (d/~), (Gold, et al. 
1984) 

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

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

d ~ d ~ d ~ d ~ 
42% 38% 42% 45% 54% 53% 44% 60% 

2 2 1 3 1 
1 

4 
0 
0 

10 
1 

4 
0 
0 

6 
3 

2 
1 
1 

8 
2 

0 
1 
0 

3 
5 

1 
0 

1 1 
1 

2 0 
0 

3 
0 

3 

0 
3 
2 2 

0 
3 

0 
2 
2 1 

0 
6 

0 
3 
2 0 

1 
1 

0 
3 
2 

1 1 3 

1 
1 

the study was already ongoing. Groups of 50 male and female 
CD-1 mice received glyphosate at dietary levels of 1000, 
5000, and 30 000 ppm, over a period of nearly two years. The 
mean achieved doses were 157/190, 814/955, and 4841/5874 
mg/kg bw/day in males and females, respectively, exceeding 
the limit dose. Based on this study predating both GLP and 
OECD TG 451, a reliability score of Klimisch 2 has been 
assigned. 

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

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

hypertrophy in high-dose males, and a more frequent occur- 

rence of slight-to-mild bladder epithelial hyperplasia in the 

mid and high dose; however, a clear dose-response was lack- 

ing. Tumor incidences, which did not significantly increase 

with dose, were mostly bronchiolax-alveolar, hepatocellular, 

or lymphoreticulax, all of which axe commonly noted spon- 

taneously occurring tumors in aging mice (Table 15). Lym- 

phoreticular tumors combined for males and females totaled 

7, 12, 10 and 12 for control, low, mid- and high-dose groups 

respectively, and were not considered as being related to test 

substance. 

A more frequent occurrence of slight-to-mild bladder 

epithelial hyperplasia was observed in the mid and high-dose 

groups; however, clear dose-response was lacking (Table 15) 

and no urinary bladder neoplasms were noted at these doses 

(see data Supplementaxy Study 10 to be found online at http:// 
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Table 15. Study 10 - Two-year l~eding study with glyphosate in mice (Monsanto 1983). 

Study owner: 

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

Duration: 
Findings: 

Select neoplasms: 

Males 
Lymphoreticular system 
Lymphoblastic lymphosarcoma with leukemia - M 
Lymphoblastic lymphosarcoma without leukemia - M 
Composite lymphosarcoma - M 
Histiocytic sarcoma - M 
Total lymphoreticular neoplasms# 

Females 
Lymphoreticular system 

Lymphoblastic lymphosarcoma with leukemia - M 
Lymphoblastic lymphosarcoma without leukemia - M 
Composite lymphosarcoma - M 
Histiocytic sarcoma - M 
# Total lymphoreticular neoplasms 

Monsanto (1983) 

2 Study was performed prior to institution of GLP and OECD guideline requirements 
Glyphosate (99.7% pure) 
Mouse/CD-1, groups of 50 d and 50 9 
Diet 
0, 1000, 5000, 10 000 ppm diet (d about 0, 157, 814, 4841 mg/kg bw/day; 9 about 0, 190, 955, 5874 

mg/kg bw/day) 
24 months 
1000 ppm diet: NOAEL (d + 9) 

5000 ppm diet: body weight ,~, histological changes in liver and urinary bladder (slight to mild 
epithelial hyperplasia in males at mid and high doses) 

Lymphoreticular neoplasms, bronchiolar-alveolar adenocarcinoma 
Dose (mg/kg bw/day) 

0 157 814 4841 

1/48 (2%) 4/49 (8%) 3/50 (6%) 2/49 (4%) 
0/48 1/49 (2%) 0/50 (0%) 0/49 
1/48 (2%) 0/49 1/50 (2%) 0/49 
0/48 1/49 (2%) 0/50 0/49 
2/48 (4%) 6/49 (12%) 4/50 (8%) 2/49 (4%) 

Dose (mg/kg bw/day) 
0 190 955 5873 

1/50 (2%) 4/48 (8%) 5/49 (10%) 1/49 (2%) 
0/50 (0%) 1/48 (2%) 0/49 (0%) 3/49 (6%) 
4/50 (8%) 1/48 (2%) 1/49 (2%) 6/49 (12%) 
0/50 (0%) 0/48 (0%) 0/49 (0%) 0/49 (0%) 
5/50 (10%) 6/48 (13%) 6/49 (12%) 10/49 (20%) 

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

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

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

Glyphosate was reported as not caxcinogenic in CD-1 mice 
up to doses well in excess of the limit dose for caxcinogenicity 
testing, which is consistent with evaluations by the US EPA 
(US EPA 1993), European Commission (EC 2002), recent 
EU Annex I Renewal evaluation by the Rapporteur (Germany 
Rapporteur Member State 2015b), and WHO/FAO (WHO/ 
FAO 2004a). 

Study 11 (Cheminova 1993b) 

Another carcinogenicity bioassay in mice was conducted 

between December 1989 and December 1991 (Table 16) 

(Cheminova 1993b). In this assay, 50 male and 50 female 

CD-1 mice per dose group received glyphosate via their diet 

over a period of approximately two yeaxs. This treatment 

period is 6 months longer than the 18 months stipulated for 

mice by OECD TG 451 (1981 version). The dietaxy levels 

were adjusted regularly to achieve constant dose levels of 0, 

100, 300 and 1000 mg/kg bw/day, achieving the limit dose. 

This study was rated Klimisch 1 for reliability. 

Slight non-statistically significant increases in bronchio- 

lar-alveolar adenomas were noted for all male dose groups 

above controls in a non-dose-responsive manner. Bronchi- 

olaf-alveolar neoplasms are evaluated in the context of the 

full data set (Tables 22 and 23), demonstrating a lack of 

dose-response across doses ranging from approximately 15 

mg/kg bw/day to 5000 mg/kg bw/day. Although the number 

of pituitary adenomas were low and considered incidental, 

they were conservatively included in the select neoplasms, 

based on being slightly higher in high dose females than 

concurrent controls (Table 16). The data summary of all 

histological findings, including tumor incidence, is avail- 

able (see data Supplementary Study 11 to be found online 

at http://informahealthcare.com/doi/abs/10.3109/10408444. 

2014.1003423). 

There were no statistically significant increases in the occur- 

rence of any tumor type in this study. The observed vaxiations 

did not show a dose relationship, and were within the range of 

historical control data. Glyphosate was determined to be not 

caxcinogenic to CD-1 mice at up to 1000 mg/kg bw/day, which 

is consistent with evaluations by the European Commission 

(EC 2002) and WHO/FAO (WHO/FAO 2004a). 
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Table 16. Study 11 - Two-year leeding study with glyphosate in mice (Cheminova 1993b). 

Study owner: 

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

Duration: 
Findings: 

Select neoplasms: 

Cheminova (1993b) 

1 Study performed according to GLP and OECD guideline requirements 
Glyphosate (98.6% pure) 
Mouse/CD-1, groups of 50 d and 50 9 
Diet 

d+9: 0, 100, 300, 1000 mg/kg bw/day (regular adjustment of dietary 
concentration) 

24 months 

> 1000 mg/kg bw/day: NOAEL (d+~) 
no treatment-related effects 
Bronchiolar-alveolar adenoma, bronchiolar-alveolar carcinoma, pituitary adenoma 

(Iemales) 

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

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

Dose (mg/kg bw/day) 
0 10 300 1000 

9/50 (18%) 15/50 (30%) 11/50 (22%) 13/50 (26%) 
10/50 (20%) 7/50 (14%) 8/50 (16%) 9/50 (18%) 

Dose (mg/kg bw/day) 
0 100 300 1000 

7/50 (14%) 3/50 (6%) 3/50 (6%) 6/50 (12%) 
3/50 (6%) 2/50 (4%) 1/50 (2%) 5/50 (10%) 
1/41 (2%) 0/32 0/23 3/43 (6%) 

B benign, M malignant 

Study 12 (Arysta Life Sciences 1997a) 

An 18-month feeding study in ICR-CD-1 mice, conducted 

between Februaxy 1995 and September 1996, investigated 

higher doses by admixing 1600, 8000, or 40 000 ppm gly- 

phosate into the diet fed to groups of 50 male and 50 female 

mice per dose (Arysta Life Sciences 1997a). The calculated 

test substance intake was 165/153, 838/787, and 4348/4116 

mg/kg bw/day (males/females, Table 17), exceeding the limit 

dose. This study was rated Klimisch 1 for reliability. 

Histopathological examinations did not show statistically 

significant increases for any type of neoplastic lesion in all 

treatment groups of both sexes (see data Supplementary 

Study 12 to be found online at http://informahealthcare.com/ 

doi/abs/10.3109/10408444.2014.1003423). Select neo- 

plasms evaluated across the data set with some non- 

statistically significant increases above concurrent controls 

included lymphoma and lung tumors, all of which lacked 

a clear dose-response. Glyphosate was considered not car- 

cinogenic in CD-1 mice up to doses well in excess of the 

limit dose for carcinogenicity testing, which is consistent 

with the recent evaluation in Europe under the Annex I 

Renewal of glyphosate (Germany Rapporteur Member 

State 2015b). 

Study 13 (Feinchemie Schwebda 2001) 

An 18-month feeding study in Swiss albino mice (Feinchemie 

Schwebda 2001), conducted between December 1997 and June 

1999, featured treatment groups, each with 50 animals per sex, 

receiving 100, 1000, and 10 000 ppm technical grade glyphosate 

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

Study owner: 

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

Duration: 
Findings: 

Select neoplasms: 

Arysta Life Sciences (1997b) 

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

Glyphosate (94.6-97.6% pure) 
Mouse/CD-1, groups of 50 d and 50 ~ 
Diet 
0, 1600, 8000, or 40 000 ppm diet (d about 0, 165, 838, 4348 mg/kg bw/day; ~ about 0, 

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

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

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

Males 
Lung adenoma - B 
Lung adenocarcinoma - M 
Lymphoma - M 

Females 
Lung adenoma - B 
Lung adenocarcinoma - M 
Lymphoma - M 

0 165 838 4348 
8/50 (16%) 14/50 (28%) 13/50 (26%) 11/50 (11%) 
1/50 (2%) 1/50 (2%) 6/50 (12%) 4/50 (8%) 
2/50 (4%) 2/50 (4%) 0/50 6/50 (12%) 

Dose (mg/kg bw/day) 
0 153 787 4116 

8/50 (16%) 5/50 (10%) 12/50 (24%) 5/50 (10%) 
1/50 (2%) 2/50 (4%) 3/50 (6%) 1/50 (2%) 
6/50 (12%) 4/50 (8%) 8/50 (16%) 7/50 (14%) 

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

Study owner: 

Reliability/Justification 

Substance: 

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

Select neoplasms: 

Feinchemie Schwebda (2001) 

2 Study performed according to GLP and OECD guideline requirements, with no deviations, but possible viral 
inl~ction may have conlbunded interpretation of results 

Glyphosate (> 95% pure) 
Mouse/Swiss albino, groups of 50 d and 50 ~ 
Diet 
0, 100, 1000, 10 000 ppm diet (d about 0, 14.5, 150, 1454 mg/kg bw/day; ~ about 0, 15.0, 151, 1467 mg/kg bw/day) 
18 months 

1000 ppm diet: NOAEL (d+~) 
10 000 ppm diet (d + ~): increased mortality 
Bronchiolar/alveolar adenoma, lymphoma 

Historical controls                                Dose (mg/kg bw/day) 
0                14.5             150             1454 

+ 22/50 (6) 20/50 (6) 22/50 (8) 27/50 (8) 

Males 
Mortality §11/50-27/50 

Findings for dead and moribund sacrificed animals 
Lymphoma - M #20/75 26.7% [0-44] 

Findings in animals sacrificed at termination 
Lymphoma - M 26/175 14.9% [8-24] 

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

Historical controls 

Females 
Mortality 12/50-20/50 

Findings for dead and moribund sacrificed animals 
Bronchiolar/alveolar 

adenoma - B 
Lymphoma - M 49/77 63.6% [0-100] 
Findings in animals sacrificed 

at termination 
Bronchiolar/alveolar adenoma 

-B 
Lymphoma - M 50/175 28.9% [2043] 

Total animals 
Bronchiolar/alveolar adenoma 

-B 
Lymphoma - M 99/250 39.6% [1458] 

9/22 (41.0%) "12/20 (60.0%) "13/22 (59.0%) 13/27 (48.0%) 

1/28 (3.6%) 3/30 (10.0%) 3/28 (10.7%) "6/23 (26.1%) 

10/50 (20.0%)       15/50 (30.0%)    16/50 (32.0%) "19/50 (38.0%) 
Dose (mg/kg bw/day) 

0 15.0 151 1467 

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

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

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

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

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

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

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

B benign, M malignant. 
§Nine studies, performed by the same laboratory in the timeframe encompassing the study summarized here. 

+(Number of animals killed in extremis). 
#Five studies, conducted in the same laboratory between 1996 and 1999. 
*Statistically higher than concurrent controls (p < 0.05). 

in the diet. Control mice received a plain diet. The calculated 

test substance intake was 14.5/15.0, 150/151, 1454/1467 mg/ 

kg bw/day (males/females, Table 18), exceeding the limit dose, 

as reflected in elevated mortality in the high dose groups. This 

study was rated Klimisch 2 for reliability, based on speculation 

of a viral infection within the colony, discussed below. 

Based on the slightly higher mortality and lower survival rates 

in the high dose groups, the NOAEL was considered 1000 ppm 

(151 mg/kg bw/day). There were no treatment-related effects on 

clinical signs, behavior, eyes, body weight, body weight gain, 

food consumption, and differential white blood cell counts in 

both sexes. Gross pathology, organ weight data, and histopatho- 

logical examination demonstrated no treatment-related effects. 

An increase in the number of mahgnant lymphomas, the most 

common spontaneously occurring tumor category in the mouse, 

was statistically significant in the high-dose groups compaxed 

to controls (Table 18). The Germany Rapporteur Member State 

concluded that the mahgnant lymphoma increase in high-dose 

males was inconclusive but unrelated to treatment in the context 

of similax higher dosed studies (Germany Rapporteur Member 

State 2015b), and considered this endpoint irrelevant to caxci- 

nogenic risk in humans (Germany Rapporteur Member State 

2015a). Whether or not a viral component (Taddesse-Heath 

et al. 2000) may have contributed to this endpoint, the finding 

was considered incidental background vaxiation based on histori- 

cal control data, and in agreement with the study director. As in 

Study 11, bronchiolax-alveolax adenoma was also considered a 

select neoplasm for evaluation in the broader data set (Tables 22 

and 23), and as previously discussed, demonstrates a lack of dose- 

response across doses ranging from approximately 15 mg/kg bw/ 

day to 5000 mg/kg bw/day. Summaxy tables of all histopatho- 

logical neoplastic findings axe available (see data Supplementaxy 

Study 13 to be found onhne at http://informalaealthcaxe.com/doi! 

abs/10.3109/10408444.2014.1003423). 

Technical grade glyphosate was reported as not caxcinogenic 

in Swiss albino mice, following continuous dietary exposure 

of up to 1460 mg/kg bw/day (average for both sexes) for 

18 months. The NOAEL for general chronic toxicity was 

151 mg/kg bw/day for both sexes combined. 

Study 14 (Nufarm 2009a) 

The most recent mouse carcinogenicity assay was conducted 

between October 2005 and November 2007 (Nufarm 2009a). 
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Table 19. Study 14-18-Month feeding study with glyphosate in mice (Nufarm 2009a). 

Study owner: 

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

Duration: 
Findings: 

Select neoplasms: 

Males 
Bronchiolar-alveolar adenoma - B 
Bronchiolar-alveolar adenocarcinoma - M 
Hepatocellular adenoma - B 
Hepatocellular carcinoma - M 
Lymphoma - M 

Females 
Bronchiolar-alveolar adenoma - B 
Bronchiolar-alveolar adenocarcinoma - M 
Lymphoma - M 
Pituitary adenoma - B 

Nufarm (2009b) 

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

300, 1081 mg/kg bw/day) 
18 months 
> 5000 ppm diet: NOAEL (d/~) 
No treatment-related effects 
Bronchiolar-alveolar adenoma, Bronchiolar-alveolar adenocarcinoma, hepatocellular adenoma 

(males), hepatocellular carcinoma (males), lymphoma, pituitary adenoma (females) 
Dose (mg/kg bw/day) 

0 157 814 4841 
9/51 (18%) 7/51 (14%) 9/51 (18%) 4/51 (8%) 
5/51 (10%) 5/51 (10%) 7/51 (14%) 11/51 (22%) 
1/51 (2%) 1/51 (2%) 4/51 (8%) 2/51 (4%) 
6/51 (12%) 11/51 (22%) 7/51 (14%) 4/51 (8%) 
0/51 1/50 (2%) 2/51 (4%) 5/51 (10%) 

Dose (mg/kg bw/day) 
0 190 955 5873 

2/51 (4%) 4/51 (8%) 2/51 (4%) 2/51 (4%) 
5/51 (10%) 2/51 (4%) 2/51 (4%) 3/51 (6%) 

11/51 (22%) 8/51 (16) 10/51 (20%) 11/51 (22%) 
0/51 1/50 (2%) 0/51 2/51 (4%) 

B benign, M malignant 

Groups of 51 CD- 1 mice per sex received daily dietary doses 

of 0, 500, 1500, and 5000 ppm technical grade glyphosate 

(equivalent to an average intake of 85, 267 and 946 mg/kg 

bw/day, Table 19). The MTD was apparently not reached in 

the high-dose group, which is more indicative of low general 

toxicity of the test substance rather than a flaw in the study 

design. The NOAEL for chronic toxicity was 810 mg/kg bw/ 

day for male mice and 1081 mg/kg bw/day for female mice, 

the highest dosage tested. Despite not quite achieving a limit 

dose in males, this study was arguably rated Klimisch 1 for 

reliability. 

Several increases in common spontaneous mouse neo- 

plasms in male mice were noted. Non-dose-response increases 

were noted for hepatocellulax adenoma and caxcinoma in 

males, and dose-responses were noted for bronchiolax-alveolax 

adenocaxcinoma and ma]ignant lymphoma in males, but not 

females. Pituitaxy adenoma incidences were low, and considered 

incidental in low and high-dose females, although they were 

slightly higher than controls (Table 19). These neoplasms 

were all evaluated in context of the broader data set (Tables 

22 and 23). The summary of neoplastic findings is avail- 

able (see data Supplementary Study 14 to be found online at 

http://informahealthcare.com/doi/abs/10.3109/10408444. 

2014.1003423). 

Glyphosate was considered not carcinogenic in the CD-1 

mice, following continuous average dietary exposure for 

males and females, to quantities up to 945.6 mg/kg bw/day for 

18 months, which is consistent with the recent evaluation in 

Europe under the Annex I Renewal of glyphosate (Germany 

Rapporteur Member State 2015b). 

Discussion 

An extraordinaxily laxge volume of animal data has been 

compiled to evaluate the caxcinogenic potential of glyphosate. 

The expected normal biological variability for spontaneous 

tumor formation is reflected across this extensive data set 

(Tables 20-23). However, no specific neoplasm stands out 

as a consequence of glyphosate exposures. While some indi- 

vidual studies may note an increase in a specific neoplasm at 

the high dose, the pooled data fail to identify any consistent 

pattern of neoplasm formation, demonstrating that the effect 

is not reproducible and not treatment-related. The lack of a 

dose-response across the several orders of magnitude suggests 

that no individual tumor of single etiology is attributable to 

glyphosate administration. 

Glyphosate has undergone repeated and extensive review 

by the United States Environmental Protection Agency (US 

EPA 1993), the European Union (EC 2002, Germany Rappor- 

teur Member State 2015b) and the World Health Organiza- 

tion/Food and Agriculture Organization of the United Nations 

(WHO/FAO 2004b, WHO/FAO 2004a). With regaxd to poten- 

tial carcinogenic effects of glyphosate, the unanimous out- 

come of these reviews has been that the data provide sufficient 

evidence to conclude that glyphosate should not be considered 

a caxcinogen. Genotoxicity studies with glyphosate, conducted 

under conditions stipulated by internationally accepted testing 

guidelines and GLP, as reviewed in 2000 (Williams et al. 2000) 

and recently updated (Kier and Kirkland 2013), indicate that 

glyphosate clearly does not exhibit the properties of a DNA- 

reactive genotoxic carcinogen. This lack of mutagenicity rules 

out an important concern for carcinogenicity. 

Mink et al. published a review of the available epidemio- 

logical studies that investigated possible associations between 

glyphosate and cancer diagnosed in humans (Mink et al. 2012). 

No evidence was found for a statistically significant positive 

association between cancer and exposure to glyphosate. While 

one Agricultural Health Study (AHS) publication mentions a 

"suggested association" between glyphosate use and multiple 

myeloma (De Roos et al. 2005), a later summary of AHS 
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Table 20. Summary of select neoplasms in male rats (Studies 1-8). 

Controls - 0 
Select neoplasm [% range lbr studies] 

Pancreas islet cell adenoma 20/397 [0-14] 
Pituitary adenoma 153/398 [6-57] 
Pituitary carcinoma 4/98 [2-6] 
Testes interstitial cell (Leydig) 14/447 [0-8] 
Thyroid C cell adenoma 35/391 [d-18] 
Hepatocellular adenoma 30/351 [0-48] 
Hepatocellular carcinoma 22/384 [0-42] 
Benign keratoacanthoma (skin) 8/250 [2-5] 

Select neoplasm ~ 150 

Pancreas islet cell adenoma NF 
Pituitary adenoma NF 
Pituitary carcinoma NF 
Testes interstitial cell (Leydig) 1/49 
Thyroid C cell adenoma NF 
Hepatocellular adenoma NF 
Hepatocellular carcinoma 1/49 
Benign keratoacanthoma (skin) NF 

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

a3 d7.4 al0 ~10 ~31 d73.9 h86 b89 ~100 f104 ~121 

5/49 0/30 2/50 1/24 2/50 0/32 1/51 8/57 2/17 1/75 2/64 
19/49 4/30 20/48 12/24 18/47 3/31 11/51 32/58 8/19 41/75 17/63 
2/49 NF 3/48 1/24 1/47 NF NF NF 0/19 NF NF 
3/50 0/37 1/50 1/25 6/50 2/32 3/51 0/60 0/19 2/75 2/63 
1/49 0/26 0/49 1/21 2/49 1/29 #1/51 5/58 1/17 10/74 #1/63 
NF 22/50 NF 1/50 NF 10/48 2/51 2/60 1/49 0/75 2/64 

0/50 28/50 1/50 1/50 2/50 18/48 0/51 2/60 1/49 1/75 NF 
NF NF NF NF NF NF 3/51 3/60 NF 3/75 0/64 

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

h285 ~300 f354 ~361 b362 a740.6 ~780 b940 q000 h1077 f1127 ~1214 q290 

2/51 2/21 1/80 0/64 5/60 1/49 NF 7/59 1/49 1/51 1/78 1/64 NF 
10/51 7/21 33/80 18/64 34/58 5/49 NF 32/59 17/50 20/51 42/78 19/63 NF 

NF 1/21 NF NF NF NF NF NF 0/50 NF NF NF NF 
1/51 0/21 0/80 2/63 3/60 3/50 2/49 2/60 2/50 1/51 2/78 2/64 0/47 

#0/51 2/21 5/79 #1/63 8/58 1/50 NF 7/60 8/49 #3/51 6/78 #0/64 NF 
0/51 2/50 2/80 0/64 3/60 21/50 NF 8/60 2/50 1/51 1/78 5/64 NF 
0/51 0/50 2/80 NF 1/60 24/50 0/49 2/60 0/50 0/51 1/78 NF 0/47 
0/51 NF 0/80 1/64 4/60 NF NF 5/59 NF 6/51 7/78 1/63 NF 

"Study 1 (Monsanto) (CD) SD rats, rated unreliable for carcinogenicity evaluation. 
bStudy 2 (Monsanto) (CD) SD rats, including interim sacrifice groups. 
~Study 3 (Cheminova) SD rats. 
aStudy 4 (Feinchemic Schwebda) Wistar rats. 

~Study 5 (Excel) SD rats, rated unreliable for carcinogenicity evaluation. 
fStudy 6 (Arysta Lil~ Sciences) Crj:CD SD rats, including interim sacrifice groups. 

~ Study 7 (Syngenta) Alpk:APfSD Wistar rats, including interim sacrifice groups. 
h Study 8 (Nufarm) Wistar Han Crl:WI rats. 

#Recorded as parafollicular adenoma. 

NF not found!not reported 

Table 21. Summary of select neoplasms in Ibm’ale rats (Studies 1-8). 

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

Controls - 0 

Select neoplasm [% range lbr studies] "3 a7.4    ~10    "11 a34 a73.9 ~100 h105 b113    f115 ~145 

Pancreas islet cell adenoma 11/397 [0-9] 1/50 0/23 2/27 1/50 0/49 0/16 2/29 0/51 1/60    2/79 0/63 
Pituitary adenoma 
Pituitary carcinoma 
Thyroid C cell adenoma 
Hepatocellular adenoma 
Hepatocellular carcinoma 
Mammary gland 

fibroadenoma 
Mammary gland 

adenocarcinoma 

246/397 [14-78] 
16/155 [2-17] 
25/302 [3% - 16%] 
22/302 [0-36] 
14/210 [0-20] 

113/384 [6-58] 

40/334 [2-22] 

Select neoplasm ~210 

Pancreas islet cell adenoma NF 
Pituitary adenoma NF 
Pituitary carcinoma NF 
Thyroid C cell adenoma NF 
Hepatocellular adenoma NF 
Hepatocellular carcinoma NF 
Mammary gland 1/22 

fibroadenoma 
Mammary gland 0/22 

adenocarcinoma 

29/48 13/33 19/28 31/50 26/49 7/23 19/29 23/51 48/60 54/79 44/63 
7/48 NF 5/28 5/50 12/49 NF 5/28 NF 0/60 NF NF 
3/49 0/24 1/27 6/50 3/47 1/17 1/29 # 1/51 2/60 7/78 # 0/63 
NF 18/48 1/50 NF NF 19/49 3/50 0/51 2/60 1/79 0/64 

0/50 15/48 0/50 0/50 2/50 14/49 0/50 0/51 0/60 NF NF 
16/46 NF 12/28 20/48 16/44 NF 17/29 9/51 $24/54 30/79 4/63 

6/46 0/30 NF 5/48 8/44 0/33 NF 3/51--10/54 8/79 0/63 

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

~300 h349 f393 ~437 b457 a740.6 ~1000 ~1060 b1183 f1247 h1382 ~1498 ~1740 

2/29 0/51 1/78 1/64 4/60 1/49 1/49 NF 0/59 1/78 0/51 0/64 NF 
25/30 16/51 47/77 46/63 46/60 6/50 34/49 NF 34/59 52/78 32/51 49/64 NF 

2/30 NF NF NF 0/60 NF 7/49 NF 1/59 NF NF NF NF 
2/29 #1/50 8/76 #0/64 6/60 1/47 7/49 NF 6/60 4/78 # 0/51 # 2/64 NF 
1/50 1/51 0/78 1/64 6/60 13/50 2/50 NF 1/60 0/78 1/51 0/64 NF 
0/50 1/51 NF NF 1/60 9/50 0/50 NF 2/60 NF 0/51 NF NF 

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

NF 1/51 11/77 0/64 --14/59 0/48 NF 0/22 --9/57 8/78 6/51 2/64 0/50 

"Study 1 (Monsanto) (CD) SD rats, rated unreliable for carcinogenicity evaluation. 
bStudy 2 (Monsanto) (CD) SD rats, including interim sacrifice groups. 

~Study 3 (Cheminova) SD rats. 
aStudy 4 (Feinchemic Schwebda) Wistar rats. 

~Study 5 (Excel) SD rats, rated unreliable for carcinogenicity evaluation. 
fStudy 6 (Arysta Lil~ Sciences) Crj :CD SD rats, including interim sacrifice groups. 

~Study 7 (Syngenta) Alpk:APfSD Wistar rats, including interim sacrifice groups. 
hStudy 8 (Nufarm) Wistar Han Crl:WI rats. 

*Recorded as adenoma/adenofibroma/fibroma. 
--Recorded as carcinoma/adenocarcinoma. 
NF not found!not reported. 
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Table 22. Summary of select neoplasms in male mice (Studies 10-14). 

Select neoplasm 

Bronchiolar-alveolar adenoma 
Bronchiolar-alveolar adenocarcinoma 
Bronchiolar-alveolar carcinoma 
Hepatocellular adenoma 
Hepatocellular carcinoma 
Malignant lymphoma 
Myeloid leukemia 

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

Controls - 0 
[% range lbr studies] d14.5 ~85 bl00 d150 a157 ~165 ~267 

31/249 [10-18] 2/22 §7/51 15/50 0/22 9/50 §14/50 §9/51 
10/149 [2-10] NF §5/51 NF NF 3/50 §1/50 §7/51 
10/100 [0-20] 0/22 NF 7/50 0/22 NF NF NF 
27/250 [0-28] 5/25 1/51 12/50 3/28 0/50 15/50 4/51 
15/250 [0-16] 0/25 11/51 5/50 0/28 0/50 1/50 7/51 
16/205 [0-100] 15/50 1/51 2/4 16/50 #5/50 2/50 2/51 
3/101 [0-6] 1/50 1/51 NF 1/50 NF NF 0/51 

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

Select neoplasm 

Bronchiolar-alveolar adenoma 
Bronchiolar-alveolar adenocarcinoma 
Bronchiolar-alveolar carcinoma 
Hepatocellular adenoma 
Hepatocellular carcinoma 
Malignant lymphoma 
Myeloid leukemia 

b300 a814 ~838 ~946 bl000 a1454 ~4348 ~4841 

11/50 9/50 §13/50 §4/51 13/50 1/50 §11/50 9/50 
NF 2/50 §6/50 §11/51 NF NF §4/50 1/50 
8/50 NF NF NF 9/50 1/50 NF NF 
11/50 1/50 15/50 2/51 9/50 3/50 7/50 0/50 
6/50 0/50 3/50 4/51 7/50 2/50 1/50 2/50 
1/1 #4/50 0/50 5/51 6/8 19/50 6/50 #2/50 
NF NF NF 0/51 NF 1/50 NF NF 

~Study 10 (Monsanto) CD-1 mice. 
bStudy 11 (Cheminova)CD-1 mice. 

~Study 12 (Arysta Life Science) CD-1 mice. 
aStudy 13 (Feinchemic Schwebda) Swiss albino mice. 
~Study 14 (Nufarm) CD-1 mice. 
§Recorded as lung rather than bronchiolar-alveolar. 
#Recorded as sum of malignant lymphoblastic lymphosarcoma with leukemia, lymphoblastic lymphosarcoma without leukemia and composite 

lymphosarcoma. 
*Recorded as lymphoblastic lymphosarcoma with leukemia. 

NF not lbund!not reported. 

results note that there were no associations between glyphosate 

use and a number of cancers, including lymphohematopoietic 

cancers, leukemia, NHL, and multiple myeloma (Weichenthal 

et al. 2010). A subsequent reanalysis of AHS data obtained 

under the Freedom of Information Act notes no suggestion of 

an association between glyphosate use and multiple myeloma, 

with a relative risk of 1.1 and 95% and a confidence interval of 

0.5-2.9 (Sorahan 2012). A recent review paper (Alavanj a et al. 

2013) cites another epidemiology study claiming an associa- 
tion between glyphosate use and NHL (Eriksson et al. 2008), 
but this research is strongly criticized in the recent Reevalu- 
ation Assessment Report for glyphosate Annex I Renewal 
in Europe (Germany Rapporteur Member State 2015b), 
highlighting potential referral bias, selection bias, uncon- 
trolled confounding, limited data usage contrary to claims of 
including all new cases (living cases only, rather than living 

Table 23. Summary of select neoplasms in Ibm’ale mice (Studies 10-14). 

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

Controls - 0 
Select neoplasm [% range lbr studies] a15.0 ~85 bl00 a151 ~153 ~190 ~267 

Bronchiolar-alveolar adenoma 28/250 [2-20] 0/16 §4/51 3/49 2/21 §5/50 9/50 §2/51 
Bronchiolar-alveolar adenocarcinoma 2/99 [2] NF §2/51 NF NF §2/50 3/50 §2/51 
Bronchiolar-alveolar carcinoma 9/151 [2-10] 0/16 NF 2/49 0/20 NF NF NF 
Malignant lymphoma 54/215 [10-100] 20/50 8/51 12/15 19/50 4/50 #6/50 10/51 
Myeloid leukemia 2/156 [0-4] 1/50 0/51 NF 2/50 0/50 NF 1/51 
Pituitary adenoma 1/232 [0-2] 0/16 1/51 0/32 0/17 1/50 0/21 0/51 

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

Select neoplasm b300 ~787 ~946 "955 bl000 d1467 ~4116 a5874 

Bronchiolar-alveolar adenoma 3/50 §12/50 §2/51 10/49 6/50 3/50 §5/50 1/50 
Bronchiolar-alveolar adenocarcinoma NF §3/50 §3/51 4/49 NF NF §1/50 4/50 
Bronchiolar-alveolar carcinoma 1/50 NF NF NF 5/50 0/50 NF NF 
Malignant lymphoma 9/12 8/50 11/51 #6/50 13/14 25/50 7/50 #10/50 
Myeloid leukemia NF 0/50 0/51 NF NF 1/50 1/50 NF 
Pituitary adenoma 0/23 0/50 2/51 0/44 --3/50 1/48 0/50 0/37 

"Study 10 (Monsanto) CD-1 mice. 
bStudy 11 (Cheminova)CD-1 mice. 

~Study 12 (Arysta Life Science) CD-1 mice. 
aStudy 13 (Feinchemic Schwebda) Swiss albino mice. 
~Study 14 (Nufarm) CD-1 mice. 
§Recorded as lung rather than bronchiolar-alveolar. 
#Recorded as sum of lymphoblastic lymphosarcoma with leukemia, lymphoblastic lymphosarcoma without leukemia and composite lymphosarcoma. 

--2 animals in anterior lobe, 1 animal in intermediate lobe. 
NF not lbund!not reported. 
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plus dead), and questionable definition/interpretation of dose- 

response. It is important to note that the Eriksson et al. study 

did detect statistically significant positive associations for 

small lymphocytic lymphoma/chronic lymphocytic leukemia 

and "unspecified NHL", while the following lymphomas were 

not statistically significantly associated with glyphosate use: 

B-cell lymphomas, grade I-III follicular lymphoma, diffuse 

laxge B-cell lymphoma, other specified B-cell lymphomas, 

unspecified B cell lymphomas, and T-cell lymphomas (Eriks- 

son et al. 2008). As previously discussed, statistically signifi- 

cant associations need to be evaluated further for study bias, 

confounders and sampling error, before expending resources 

and energy on further evaluation of potential causality. 

Epidemiological investigations face the difficulty of reli- 

ably determining the magnitude of exposure to the chemical 

in question, while ruling out confounders like co-exposure 

to other chemicals, and environmental and lifestyle factors. 

In contrast, carcinogenicity studies in experimental animals, 

when conducted according to appropriate testing guidelines, 

are designed in a fashion that allows a direct association 

between observed effects and substance exposure, yet the 

relevance of observed findings to humans is an important con- 

sideration. This manuscript collectively presents the scientific 

community with carcinogenicity results from a remarkably 

laxge body of data from fourteen long-term caxcinogenicity 

studies on glyphosate. 

Glyphosate is of very low acute toxicity with an oral LDs0 

in the rat in excess of 5000 mg/kg of body weight.. The sub- 

chronic NOAEL is 400 mg/kg bw/day, and is based on effects 

that do not impair long-term survival (WHO/FAO 2004b, 

WHO/FAO 2004a). This allows administration of very high 

glyphosate doses to rodents for a prolonged time. Dietary 

levels of up to 30 000 and 40 000 milligrams of glyphosate 

per kilogram of diet have been administered to rats and mice, 

respectively, in chronic feeding studies covering their expected 

lifespan without apparent effects on longevity. 

One of the most critical aspects of designing a carcino- 

genicity study is the choice of dose levels, especially the top 

dose, at either the limit dose or MTD. The relevant OECD 

TGs 451 and 453 for caxcinogenicity studies propose a body 
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weight depression of approximately 10% as evidence for sys- 

temic toxicity. This is equivalent to the concept of the MTD, 

which is discussed in a supporting OECD guidance document 

(OECD 2012b). For chemicals which axe well tolerated by 

the experimental animal, where no dose-limiting toxicity is 

observed, the respective OECD guidance suggests 1000 nag/ 

kg bw/day as the highest dose level (OECD 2012a). Many of 

the caxcinogenicity studies performed in rats and mice with 

glyphosate have been conducted with the high dose group 

receiving levels of glyphosate at, or in excess of the limit dose 

because of its very low toxicity following repeat exposure. 

Following this extensive testing, even at very high exposure 

levels, there was no evidence of a carcinogenic effect related 

to glyphosate treatment. The select neoplasms highlighted in 

Tables 20-23 show normal biological background levels of 

spontaneous neoplasms, with lack of dose-response across 

the data sets. The combined studies cleaxly indicate that 

glyphosate’s carcinogenic potential is extremely low or non- 

existent in animal models up to very high doses. 

By way of comparison, the worst-case calculated human 

dietaxy exposure to glyphosate, the Theoretical Maximum 

Daily Intake (TMDI) is 0.14 mg/kg bw/day (EFSA 2012). 

Systemic exposure of operators, as assessed for the EU 

reapproval of glyphosate, is predicted to be between 0.0034 

(German BBA model, tractor-mounted ground-boom sprayer) 

and 0.226 mg/kg bw/day (UK POEM, hand-held-spraying to 

low targets, data not shown). The model estimates are sup- 

ported by human biomonitoring data in faxmers showing sys- 

temic exposures of 0.004 and 0.0001 mg/kg/day for worst-case 

and mean acute doses, respectively (Acquavella et al. 2004). 

The high doses in chronic rodent studies at which no evidence 

of carcinogenicity is demonstrated are at least hundreds of 

thousands fold greater than peak human systemic exposure 

levels. Clearly, there is no scientific basis for concern of caxci- 

nogenic risk to humans resulting from glyphosate exposure. 

With over 40 yeaxs of scientific reseaxch on glyphosate, no 

compelling evidence exists for a mechanism for glyphosate to 

cause cancer. Mammalian metabolism does not activate gly- 

phosate to a toxic metabolite (Anadon et al. 2009, WHO/FAO 

2004a). The lack of glyphosate DNA reactivity supports the 

~ ~Absence of epidemiological evidence 

Low Epidemiological Evidence high 

A causal relationship 

between glyphosate 

exposure and 

carcinogenicity is 

1) Likely 

2) Uncertain 

3) Uncertain 

4) Unlikely 

Figure 2. Likelihood of glyphosate carcinogenicity based on experimental and epidemiological data; a causal inference grid as proposed by Adami et al. 
(2011) to utilize both toxicological and epidemiological data. 

Defendant’s Exhibit 2570 0021 



206 H. Greim et al. Crit Rev Toxicol, 2015; 45(3): 185 208 

lack of potential for an initiation event for caxcinogenesis (Kier 

and Kirkland 2013). Cleaxly, there is a lack of potential for 

glyphosate to induce hormonal oncogenesis, based on both the 

tumor incidence data presented and the unequivocal evidence 

that glyphosate is not an endocrine disruptor (Bailey et al. 

2013, Levine et al. 2012, Saltmiras and Tobia 2012, Webb 

et al. 2013, Williams et al. 2012). 

The absence of test substance-related neoplastic findings 

in a total of 14 rodent cancer bioassays with glyphosate is in 

stark contrast to the recent dramatic media reports, internet 

postings, and YouTube videos of rat tumors, hypothesized to 

be caused by treatment with maize containing glyphosate resi- 

due or drinking water spiked with a glyphosate formulation 

(Seralini et al. 2014). Such reports, under the scrutiny of the 

global scientific community, demand greater data transpaxency 

and accountability within the peer review process. 

The absence of a glyphosate-related mechanism for 

carcinogenesis, the huge volume of genotoxicity data 

studies indicating no likely mutagenic or DNA-reactive 

potential (Kier and Kirkland 2013), combined with the 

lack of epidemiological evidence for glyphosate-induced 

cancer (Mink et al. 2012), and the lack of carcinogenic- 

ity in multiple rodent carcinogenicity assays, are depicted 

in a causal inference grid in Figure 2, as put forth by 

Adami et al. (Adami et al. 2011). The overwhelming 

weight of the available evidence, demonstrating a lack 

of both biological plausibility and epidemiological effects, 

draws a compelling conclusion that glyphosate’s carcino- 

genic potential is extremely low or non-existent. 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 0ppm SEX: MALE DAYS: ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

4029 

4043 

727 TESTES 

681 MAMMARY GLAND 

B SEMINOMA 

B FIBROADENOMA 

1 

1 

Total Animals/Group: 50 
Total Primary Tumors: 2 
Total Animals with Tumors: 2 
Total Animals with Multiple Tumors: 0 
Total Benign: 2 
Total Malignant: 0 
Total Malignant with Metastasis: 0 
Avg. DAYS on Test for 

Animals with Tumors: 704 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 0ppm SEX: MALE DAYS: ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

4029 

4043 

727 TESTES 

681 MAMMARY GLAND 

B SEMINOMA 

B FIBROADENOMA 

1 

1 

Total Animals/Group: 50 
Total Primary Tumors: 2 
Total Animals with Tumors: 2 
Total Animals with Multiple Tumors: 0 
Total Benign: 2 
Total Malignant: 0 
Total Malignant with Metastasis: 0 
Avg. DAYS on Test for 

Animals with Tumors: 704 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 0ppm SEX: FEMALE DAYS : ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

4054 

4055 

4058 

4063 

4067 

4068 

4070 

4074 

4076 

4085 

4092 

4095 

4099 

728 MAMMARY GLAND 

627 MAMMARY GLAND 

728 MAMMARY GLAND 

643 MAMMARY GLAND 

472 MAMMARY GLAND 

728 SKIN 

550 SKIN 

728 MAMMARY GLAND 

633 MAMMARY GLAND 

489 MAMMARY GLAND 

729 MAMMARY GLAND 

683 MAMMARY GLAND 

402 MAMMARY GLAND 

B ADENOMA 2 

B ADENOMA 1 

B CYSTADENOMA 1 

M ADENOCARCINOMA 2 

B FIBROADENOMA 2 

B SUBCUT.TISSUE,FIBROMA, HARD 1 

B SUBCUT.TISSUE,FIBROMA, HARD 2 

B ADENOMA 1 

B PAPILLARY ADENOMA 1 

B FIBROADENOMA 2 

B ADENOMA 2 

B FIBROADENOMA 2 

B FIBROADENOMA 2 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 0ppm SEX: FEMALE DAYS: ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

Total Animals/Group: 50 
Total Primary Tumors: 13 
Total Animals with Tumors: 13 
Total Animals with Multiple Tumors: 0 
Total Benign: 12 
Total Malignant: 1 
Total Malignant with Metastasis: 0 
Avg. DAYS on Test for 

Animals with Tumors: 626 
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15-FEB-1997 
EXCEL INDUSTRIES LTD~ 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 3000ppm SEX: MALE DAYS: ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

4107 

4108 

4115 

4143 

4150 

729 TESTES 

637 MAMMARY GLAND 

578 MAMMARY GLAND 

730 MAMMARY GLAND 

275 LIVER 
SPLEEN 
LUNGS 
MES.    LYMPH NODE 

B INTERSTITIAL CELL TUMOUR 

B FIBROADENOMA 

B ADENOMA 

B FIBROADENOMA 

C HEPATOCELLULAR CARCINOMA 

1 

1 

2 

2 

4 
+ LYMPHOMA MALIGNANT LYMPHOCYTIC 
+ LYMPHOMA MALIGNANT LYMPHOCYTIC 
+ LYMPHOMA MALIGNANT LYMPHOCYTIC 

Total Animals/Group: 50 
Total Primary Tumors: 5 
Total Animals with Tumors: 5 
Total Animals with Multiple Tumors: 0 
Total Benign: 4 
Total Malignant: 1 
Total Malignant with Metastasis: 1 
Avg. DAYS on Test for 

Animals with Tumors: 590 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 3000ppm SEX: FEMALE DAYS: ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

4161 

4165 

4170 

4178 

4179 

4181 

4183 

4188 

577 MAMMARY GLAND 

730 MAMMARY GLAND 

730 MAMMARY GLAND 

450 MAMMARY GLAND 

637 MAMMARY GLAND 

730 OVARIES 

556 MAMMARY GLAND 

686 MAMMARY GLAND 

B F I BROADENOMA 

B ADENOMA 

B ADENOMA 

B PAPILLARY ADENOMA 

B ADENOMA 

B ADENOMA 

B ADENOMA 

B ADENOM_A 

2 

2 

1 

1 

1 

1 

2 

1 

Total Animals/Group: 50 
Total Primary Tumors: 8 
Total Animals with Tumors: 8 
Total Animals with Multiple Tumors: 0 
Total Benign: 8 
Total Malignant: 0 
Total Malignant with Metastasis: 0 
Avg. DAYS on Test for 

Animals with Tumors: 637 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 15000ppm SEX: MALE DAYS : ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

4221 731 MAMMARY GLAND 

4241 733 TESTES 

4242 733 SKIN 

4244 733 TESTES 

4245 627 SKIN 

B ADENOMA 

B INTERSTITIAL CELL TUMOUR 

B SUBCUT.    TISSUE,    LIPOMA 

B INTERSTITIAL CELL TUMOUR 

B SUBCUT.    TISSUE,    FIBROMA 

1 

1 

2 

1 

1 

Total Animals/Group: 50 
Total Primary Tumors: 5 
Total Animals with Tumors: 5 
Total Animals with Multiple Tumors: 0 
Total Benign: 5 
Total Malignant: 0 
Total Malignant with Metastasis: 0 
Avg. DAYS on Test for 

Animals with Tumors: 711 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 15000ppm SEX: FEMALE DAYS : ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

4257 

4262 

4273 

4281 

4285 

4290 

4296 

4300 

582 MAMMARY GLAND B FIBROADENOMA 

590 MAMMARY GLAND B FIBROADENOMA 

733 SKIN B SUBCUT. TISSUE, FIBROMA 

372 MAMMARY GLAND B ADENOMA 

733 MAMMARY GLAND B FIBROADENOMA 

493 MAMMARY GLAND 

734 MAMMARY GLAND 

734 MAMMARY GLAND 

ADENOMA 

Total Animals/Group:     ~ ,~, 50 
Total Primary Tumors: .... ̄ 

r... ~ ~.. 
8 

Total Animals. with Tumo.r~:~ ". " 8 
Total Animals with Mul~$..ple Tumors: 0 
Total Benign: 8 
Total Malignant : 0 
Total Malignant with Metastasis: 0 
Avg. DAYS on Test for 

Animals with Tumors: 621 

1 

1 

2 

1 

1 

1 

2 

1 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 25000ppm SEX: MALE DAYS: ALL 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE PETO 

Total Animals/Group: 
Total Primary Tumors: 
Total Animals with Tumors: 
Total Animals with Multiple Tumors: 
Total Benign: 
Total Malignant: 
Total Malignant with Metastasis: 
Avg. DAYS on Test for 

Animals with Tumors: 

5O 
0 
0 
0 
0 
0 
0 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Tumor Incidence 

PROJECT ID: 1231 
FATES: ALL 

GROUP: 25000ppm SEX: FEMALE 

ID DAYS TISSUE OF ORIGIN TUMOR TYPE 

4351 

4352 

4354 

4378 

4392 

4393 

735 MAMMARY GLAND 

735 MAMMARY GLAND 

402 MAMMARY GLAND 

468 SKIN 

708 MAMMARY GLAND 

500 MAMMARY GLAND 

B FIBROADENOMA 

B FIBROADENOMA 

B FIBROADENOMA 

B ACANTHOMA 

B FIBROADENOMA 

B FIBROADENOMA 

Total Animals/Group: 50 
Total Primary Tumors: 6 
Total Animals with Tumors: 6 
Total Animals with Multiple Tumors: 0 
Total Benign: 6 
Total Malignant: 0 
Total Malignant with Metastasis: 0 
Avg. DAYS on Test for 

Animals with Tumors: 591 

DAYS: ALL 

PETO 

1 

2 

1 

1 

1 

1 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Summary Tumor Incidence 

PROJECT ID: 1231 

DAYS: ALL 

GROUP: 

FATES: ALL 

SEX: MALE 

0ppm 3000ppm 15000ppm 25000ppm 

# 

Total Animals/Group 50 

Total Primary Tumors 2 

Total Animals with Tumors 2 

Total Animals w/ Multiple Tumors 0 

Total Benign 2 

Total Malignant 0 

Total Malignant with Metastasis 0 

# 
50 

5 

5 

0 

4 

i 

i 

# 
50 

5 

0 

0 

0 

# 

50 

0 

0 

0 

0 

0 

0 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Summary Tumor Incidence 

PROJECT ID: 1231 

DAYS: ALL 

GROUP: 

FATES: ALL 

SEX: FEMALE 

0ppm 3000ppm 15000ppm 25000ppm 

# 

Total Animals/Group 50 

Total Primary Tumors 13 

Total Animals with Tumors 13 

Total Animals w/ Multiple Tumors 0 

Total Benign 12 

Total Malignant 1 

Total Malignant with Metastasis 0 

# 
5o 

8 

8 

o 

o 

o 

# 
50 

8 
8 

o 

8 
o 

o 

# 
50 

6 

6 

o 

6 

o 

o 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

 164 

Selected Animals 

PROJECT ID: 1231 

DAYS : ALL 

FINDINGS : * Selected 

GROUP : 

SEX : 

No. of ANIMALS : 

0ppm 3000ppm IS000ppm 25000ppm 

MALE MALE MALE MALE 

50 50 50 50 

4029 

4043 

4107 4221 

4108 4241 

4115 4242 

4143 4244 

4150 4245 

The above animals have at least one of the following findings. 

* Findings selected are : 

LIVER: 

HEPATOCELLULAR CARCINOMA 

SPLEEN: 

LYMPHOMA MALIGNANT LYMPHOCYTIC 

LUNGS: 

LYMPHOMA MALIGNANT LYMPHOCYTIC 

MES. LYMPH NODE: 

LYMPHOMA MALIGNANT LYMPHOCYTIC 

TESTES: 

INTERSTITIAL CELL TUMOUR 

SEMINOMA 

SKIN: 

SUBCUT. TISSUE, FIBROMA 

SUECUT. TISSUE, LIPOMA 

GLAND: 

ADENOMA 

FIBROADENOMA 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : LIVER FATES : ALL 
FINDING : HEPATOCELLULAR CARCINOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IM: 0ppm 47 0.00 0 0.24 -0.24 

2M: 3000ppm 49 3000.00 1 0.26 0.74 

3M: 15000ppm 49 %15000.00 0 0.26 -0.26 

4M: 25000ppm 47 %25000.00 0 0.24 -0.24 

T Value : -7713.542 

NON-FATAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IM: 0ppm 47 0.00 0 0.00 

2M: 3000ppm 49 3000.00 0 0.00 

3M: 15000ppm 49 %15000.00 0 0.00 

4M: 25000ppm 47 %25000.00 0 0o00 

T Value : 0 

Observed 

- Expected 

0.00 

0.00 

0.00 

O. O0 

TOTAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IM: 0ppm 47 0.00 0 0.24 

2M: 3000ppm 49 3000.00 1 0.26 

3M: 15000ppm 49 %15000.00 0 0.26 

4M: 25000ppm 47 %25000.00 0 0.24 

T Value : %-7713.54200 

Variance : %97933568.00000 

Z Value : -0.77945 

One Tailed Probability: 0.25000 

Observed 

- Expected 

-0.24 

0.74 

-0.26 

-0.24 

ML Value 

0.00 

3.92 

0.00 

0.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : SPLEEN FATES : ALL 
FINDING : LYMPHOMA MALIGNANT LYMPHOCYTIC 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 18 3000.00 0 0.00 0.00 

3M: 15000ppm 21 %15000.00 0 0.00 0.00 

4M: 25000ppm 47 %25000.00 0 0.00 0.00 

T Value : 0 

Group Number of Dose 

Animals Level 

IM: 0ppm 48 0.00 

2M: 3000ppm 18 3000.00 

3M: 15000ppm 21 %15000.00 

4M: 25000ppm 47 %25000.00 

NON- FATAL TUMORS 

Observed Expected ¯ i .i0~served 

i~ ~ ~xpected 

0 0. O0 .0 .-00 

0 0.00 0.00 . 

0 

0 

0.00 0.00 

O. O0 0.0.0 

T Value : 0 

TOTAL TUMORS 

Group Number of Dose 

Animals Level 

IM: 0ppm 48 0.00 

2M: 3000ppm 18 3000.00 

3M: 15000ppm 21 %15000.00 

4M: 25000ppm 47 %25000.00 

T Value : 

Variance : 

Z Value : 
One Tailed Probability: 

Observed Expected 

0 

0 

0 

0 

0.00000 

0.00000 

0.00000 
0.50000 

Observed 

- Expected 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

ML Value 

1.00 

1.00 

1.00 

1.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : LUNGS FATES : ALL 
FINDING : LYMPHOMA MALIGNANT LYMPHOCYTIC 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 49 3000.00 0 0.00 0.00 

3M: 15000ppm 48 %15000.00 0 0.00 0.00 

4M: 25000ppm 47 %25000.00 0 0.00 0.00 

T Value : 0 

Group Number of Dose 

Animals Level 

IM: 0ppm 48 0.00 

2M: 3000ppm 49 3000.00 

3M: 15000ppm 48 %15000.00 

4M: 25000ppm 47 %25000.00 

NON- FATAL TUMORS 

Observed Expected ’ ’~!0~served 

. :2. "Expected 

0 0.00: " 0.00 

0 0.00 0.00 

0 

0 

0.00 

0.00 

0.00 

0.00 

T Value : 0 

TOTAL TUMORS 

Group Number of Dose 

Animals Level 

Observed Expected Observed 
- Expected 

MLValue 

IM: 0ppm 48 0.00 

2M: 3000ppm 49 3000.00 

3M: 15000ppm 48 %15000.00 

4M: 25000ppm 47 %25000.00 

0 0.00 

0 0.00 

0 0.00 

0 0.00 

0.00 

0.00 

0.00 

0.00 

i. 00 

1.00 

1.00 

1.00 

T Value : 

Variance : 

Z Value : 

One Tailed Probability: 

0.00000 

0.00000 

0.00000 

0.50000 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MES. LYMPH NODE FATES : ALL 
FINDING : LYMPHOMA MALIGNANT LYMPHOCYTIC 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 18 3000.00 0 0.00 0.00 

3M: 15000ppm 21 %15000.00 0 0.00 0.00 

4M: 25000ppm 47 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Observed 

Animals Level 

IM: 0ppm 48 0.00 0 

2M: 3000ppm 18 3000.00 0 

3M: 15000ppm 21 %15000.00 0 

4M: 25000ppm 47 %25000.00 0 

T Value : 0 

Expected ~ : Observed 

- Expected 

0.00 . 0.00 

0.00 0.~0 

0.00 0.00 

0.00 0.00 

TOTAL TUMORS 

Group 

IM: 0ppm 

2M: 3000ppm 

3M: 15000ppm 

4M: 25000ppm 

Number of Dose 

Animals Level 

48 0.00 

18 3000.00 

21 %15000.00 

47 %25000.00 

T Value : 

Variance : 

Z Value : 

One Tailed Probability: 

Observed 

o 

o 

o 

o 

o.ooooo 

o.ooooo 

o.ooooo 

0.50000 

Expected Observed 

- Expected 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

ML Value 

1.00 

1.00 

1.00 

1.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : TESTES FATES : ALL 
FINDING : INTERSTITIAL CELL TUMOUR 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 
2M: 3000ppm 49 3000.00 0 0.00 0.00 

3M: 15000ppm 49 %15000.00 0 0.00 0.00 

4M: 25000ppm 47 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Obse~-ved Expected " ~ ..ObServed 

Animals Level . ,: - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 49 3000.00 1 0.36 0.64 

3M: 15000ppm 49 %15000.00 2 0.89 ’.. i.ii 

4M: 25000ppm 47 %25000.00 0 1.75 -1.75 

T Value : -25225.03 

TOTAL TUMORS 

Group Number o£ Dose Observed Expected Observed 

Animals Level - Expected 

MLValue 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 49 3000.00 1 0.36 0.64 

3M: 15000ppm 49 %15000.00 2 0.89 i.ii 

4M: 25000ppm 47 %25000.00 0 1.75 -1.75 

1.00 

2.79 

2.25 

0.00 

T Value : %-25225.02730 

Variance : %117651824.00000 

Z value : -2.32559 

One Tailed Probability: 0.01500 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : TESTES FATES : ALL 
FINDING : SEMINOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 49 3000.00 0 0.00 0.00 

3M: 15000ppm 49 %15000.00 0 0.00 0.00 

4M: 25000ppm 47 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Observed 

Animals Level 

IM: 0ppm 48 0.00 1 

2M: 3000ppm 49 3000.00 0 

3M: 15000ppm 49 %15000.00 0 

4M: 25000ppm 47 %25000.00 0 

T Value : -9952.381 

0.27 / 0.73 

0.26 ~0.26 

0.25 " -0.25 

0.21 -0.21 

TOTAL TUMORS 

Group Number of Dose 

Animals Level 

Observed Expected Observed 

- Expected 

ML Value 

IM: 0ppm 

2M: 3000ppm 

3M: 15000ppm 

4M: 25000ppm 

48 0.00 

49 3000.00 

49 %15000.00 

47 %25000.00 

.27 

.26 

0.25 

0.21 

0.73 

-0.26 

-0.25 

-0.21 

3.71 

0.00 

0.00 

0.00 

T Value : %-9952.38090 
Variance : %94378688.00000 

Z Value : -1.02445 

One Tailed Probability: 0.20000 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : SKIN FATES : ALL 
FINDING : SUBCUT. TISSUE, FIBROMA 

FATAL TUMORS 

471 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 18 3000.00 0 0.00 0.00 

3M: 15000ppm 21 %15000.00 0 0.00 0.00 

4M: 25000ppm 47 %25000.00 0 0.00 0.00 

T Value : 0 

Group Number of Dose 

Animals Level 

IM: 0ppm 48 0.00 

2M: 3000ppm 18 3000.00 

3M: 15000ppm 21 %15000.00 

4M: 25000ppm 47 %25000.00 

NON- FATAL TUMORS 

T Value : 3375 

0.38 

Group Number of Dose 
Animals Level 

IM: 0ppm 48 0.00 

2M: 3000ppm 18 3000.00 

3M: 15000ppm 21 %15000.00 

4M: 25000ppm 47 %25000.00 

TOTAL TUMORS 

Observed Expected 

0 0.42 

0 0.07 

1 0.14 

0 0.38 

T Value : 3375.00000 

Variance : %130359392.00000 

Z Value : 0.29560 

One Tailed Probability: 0.40000 

Observed 

- Expected 

-0.42 

-0.07 

0.86 

-0.38 

ML Value 

0.00 

0.00 

7.38 

0.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : SKIN FATES : ALL 
FINDING : SUBCUT. TISSUE, LIPOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IM: 0ppm 48 0.00 0 0.00 0.00 

2M: 3000ppm 18 3000.00 0 0.00 0.00 

3M: 15000ppm 21 %15000.00 0 0.00 0.00 

4M: 25000ppm 47 %25000.00 0 0.00 0.00 

T Value : 0 

NON-FATAL TUMORS’ 

Group Number of Dose Observed 

Animals Level 

IM: 0ppm 48 0.00 0 

2M: 3000ppm 18 3000.00 0 

3M: 15000ppm 21 %15000.00 1 

4M: 25000ppm 47 %25000.00 0 

T Value : -9000 

i: : :.a;Expected 

0.00 ;, 0.00 

0.00 ’ 0.00 

0.I0 :.. 0:90 

0.90 -0.90 

TOTAL TUMORS 

Group Number of Dose 
Animals Level 

Observed Expected Observed 
- Expected 

ML Value 

iM: 0ppm 

2M: 3000ppm 

3M: 15000ppm 

4M: 25000ppm 

48 0.00 

18 3000.00 

21 %15000.00 

47 %25000.00 

0 0.00 

0 0.00 

1 0.I0 

0 0.90 

0.00 

0.00 

0.90 

-0.90 

1.00 

1.00 

i0.00 

0.00 

T Value : %-9000.00000 

Variance : %8999936.00000 

Z Value : -3.00001 

One Tailed Probability: 0.00200 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 
FINDING : ADENOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IM: 0ppm 1 0.00 0 0.00 0.00 

2M: 3000ppm 3 3000.00 0 0.00 0.00 

3M: 15000ppm 1 %15000.00 0 0.00 0.00 

4M: 25000ppm 0 %25000.00 0 0.00 0.00 

T Value : 0 

Group Number of Dose 

Animals Level 

IM: 0ppm 1 0.00 

2M: 3000ppm 3 3000.00 

3M: 15000ppm 1 %15000.00 

4M: 25000ppm 0 %25000.00 

NON-FATAL TUMORS 

T Value : -1800.001 

Observed Expected~ ;, !~!~er~ed 

:., ~:"ExpeCted 

0 0.20 -0.20 

1 0.60 0.40 

1 1.2o "-- -o~2o 

0 0.00 0.00 

TOTAL TUMORS 

Group Number of Dose 

Animals Level 
Observed Expected Observed 

- Expected 

ML Value 

IM: 0ppm 1 0.00 

2M: 3000ppm 3 3000.00 

3M: 15000ppm 1 %15000.00 

4M: 25000ppm 0 %25000.00 

0 0.20 -0.20 

i 0.60 0.40 

i 1.20 -0.20 

0 0.00 0.00 

0.00 

1.67 

0.83 

1.00 

T Value : %-1800.00085 

Variance : %27360000.00000 

Z Value : -0.34412 

One Tailed Probability: 0.40000 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

PROJECT ID: 1231 
TISSUE : MAMMARY GLAND 
FINDING : FIBROADENOMA 

Peto Score Statistics 

DAYS : ALL 
FATES : ALL 

FATAL TUMORS 

Group Number of 

Animals 

IM: 0ppm 

2M: 3000ppm 

3M: 15000ppm 

4M: 25000ppm 

1 

3 

1 

o 

Dose Observed Expected Observed 

Level - Expected 

0.00 

3000.00 

%15OOO.OO 

%25000.00 

0 0.00 0.00 
0 0.00 0.00 

0 0.00 0.00 

0 0.00 0.00 

T Value : 0 

Group 

IM: 0ppm 

2M: 3000ppm 

3M: 15000ppm 

4M: 25000ppm 

Number of 

Animals 

Dose 

Level 

NON-FATAL TUMoRs" 

Observed Expectedi ¯ ..~i:$;.OS~erved 

1 

3 

1 

0 

0.00 i 0.58 ,: 

3000.00 2 1.33 

%15000.00 0 .i.08 

%25000.00 0 0.00 

T Value : -14250 

~ : .0.42 

.~ 0.67 

o. oo 

TOTAL TUMORS 

Group Number of 

Animals 

Dose Observed Expected Observed 

Level - Expected 

MLValue 

IM: 0ppm 

2M: 3000ppm 

3M: 15000ppm 

4M: 25000ppm 

1 

3 

1 

o 

0.00 1 0.58 0.42 1.71 

3000.00 2 1.33 0.67 1.50 

%15000.00 0 1.08 -1.08 0.00 

%25000.00 0 0.00 0.00 1.00 

T Value : %-14250.00100 

Variance : %111187504.00000 

Z Value : -1.35141 
One Tailed Probability: 0.09000 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231¯ DAYS : ALL 
TISSUE : LIVER FATES : ALL 

FINDING : HEPATOCELLULAR CARCINOMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

IM* 0 47 47 

2M 1 48 49 0.51042 1.00000 0.51042 1.02083 1.00000 

3M 0 49 49 1.00000 1.00000 1.00000 2.00000 1.00000 

4M 0 47 47 1.00000 1.00000 1.00000 2.00000 1.00000 

? 0.969280 0.000439 

Zero Values - No Chi Square 

Zero Values - No Chi Square 

Defendant’s Exhibit 2570 0159 



15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNIUAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : SPLEEN FATES : ALL 

FINDING : LYMPHOMA MALIGNANT LYMPHOCYTIC 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

IM* 0 48 48 

2M 1 17 18 0.27273 1.00000 0.27273 0.54545 0.27273 

3M 0 21 21 1.00000 1.00000 1.00000 2.00000 1.00000 

4M 0 47 47 1.00000 1.00000 1.00000 2.00000 1.00000 

? 2.707692 0.264423 

Zero Values - No Chi Square 

Zero Values - No Chi Square 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : LUNGS FATES : ALL 

FINDING : LYMPHOMA MALIGNANT LYMPHOCYTIC 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL     PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

IM* 0 48 48 

2M 1 48 49 0.50515 1.00000 0.50515 1.01031 1.00000 

3M 0 48 48 1.00000 1.00000 1.00000 2.00000 1.00000 

4M 0 47 47 1.00000 1.00000 1.00000 2.00000 1.00000 

? 0.989796 0.000107 

Zero Values - No Chi Square 

Zero Values - No Chi Square 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 
TISSUE : MES. LYMPH NODE 

DAYS : ALL 
FATES : ALL 

FINDING : LYMPHOMA MALIGNANT LYMPHOCYTIC 

CONTROL > CONTROL < PROBABILITY 

POS. NEGo ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

1M* 0 48 48 

2M 1 17 18 0.27273 1.00000 0.27273 0.54545 0.27273 

3M 0 21 21 1.00000 1.00000 1.00000 2.00000 1.00000 

4M 0 47 47 1.00000 1.00000 1.00000 2.00000 1.00000 

? 2.707692 0.264423 

Zero Values - No Chi Square 

Zero Values - No Chi Square 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : TESTES FATES : ALL 

FINDING : INTERSTITIAL CELL TUMOUR 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

IM* 0 48 48 

2M 1 48 49 0.50515 1.00000 0.50515 1.01031 1.00000 

3M 2 47 49 0.25258 1.00000 0.25258 0.50515 0.49485 

4M 0 47 47 1.00000 1.00000 1.00000 2.00000 1.00000 

? 0.989796 0.000107 

? 2.000430 0.489743 

Zero Values - No Chi Square 

FINDING : SEMINOMA 

IM*. 1 47 48 

2M 0 49 49 0.49485 

3M 0 49 49 0.49485 

4M 0 47 47 0.50526 

SQUARE YATES CORRE 

1.031467 0.000107 

1.031467 0.000107 

0.989583 0.000112 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT-ID: 1231 
TISSUE : SKIN 

DAYS : ALL 
FATES : ALL 

FINDING : SUBCUT. TISSUE, FIBROMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME SQUARE YATES CORRE 

IM* 0 48 48 

2M 0 18 18 1.00000 1.00000 1.00000 2.00000 1.00000 

3M 1 20 21 0.30435 1.00000 0.30435 0.60870 0.30435 

4M 0 47 47 1.00000 1.00000 1.00000 2.00000 1.00000 

Zero Values - No Chi Square 

? 2.319328 0.183462 

Zero Values - No Chi Square 

FINDING : SUBCUT. TISSUE, LIPOMA 

CONTROL ¯    CONTROL < i "~ii’!l!". ........ ~.~,: PROBABILITY 

POS. NEG.            ONE-TAILED    PROPORTION PROPORTION~:’~.IiI.~OU~TI%II~ED-’ = OR MORE 

GRP RESP 

" ’ : ~ " "~T~      00~ !~ 00000 Zero Values - No Chi ~are 4M    0    47 47     1.00000     1.0000b.~ = "i~00000 , 00( 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 

FINDING : ADENOMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

IM* 0 1 1 

2M 1 2 3 0.75000 1.00000 0.75000 1.50000 1.00000 

3M 1 0 1 0.50000 1.00000 0.50000 1.00000 1.00000 

4M 0 0 0 1.00000 1.00000 1.00000 2.00000 1.00000 

? 0.444444 0.444444 

? 2.000000 0.000000 

Zero Values - No Chi Square 

FINDING : FIBROADENOMA 

CONTROL ¯ CONTROL <~- .... ..’. i.~..~-~,~ .: PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION.~ <: = OR MORE 

GRP RESP RESP TOTAL PROBABILITY EXTREME CHI SQUARE YATES CORRE 

? 0.444444 0.444444 

? 2.000000 0.000000 

Zero Values - No Chi Square 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Selected Animals 

PROJECT ID: 1231 

DAYS : ALL 

FINDINGS : * Selected 

GROUP : 

SEX : 

No. of ANIMALS : 

0ppm 3000ppm 15000ppm 25000ppm 

FEMALE FEMALE FEMALE FEMALE 

50 50 50 50 

4054 4161 4257 

4055 4165 4262 

4058 4170 4273 

4063 4178 4281 

4067 4179 4285 

4074 4181 4290 

4076 4183 4296 

4085 4188 4300 

4092 . 

4095 ...... 

4099 

The above animals have at least one of the following findings. 

* Findings selected are : 

OVARIES: 

ADENOMA 

SKIN: 

ACANTHOMA 

SUBCUT. TISSUE, FIBROMA 

MAMMARY GLAND: 

ADENOCARCINOMA 

ADENOMA 

PAPILLARY ADENOMA 

FIBROADENOMA 

CYSTADENOMA 

4351 

4352 

4354 

4378 

4392 

4393 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE    Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : OVARIES FATES : ALL 
FINDING : ADENOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IF: 0ppm 49 0.00 0 0.00 0.00 

2F: 3000ppm 49 3000.00 0 0.00 0.00 

3F: 15000ppm 48 %15000.00 0 0.00 0.00 

4F: 25000ppm 50 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Observe~ Expected 

Animals Level 

IF: 0ppm 49 0.00 0 0.00 

2F: 3000ppm 49 3000.00 1 0.35 

3F: 15000ppm 48 %15000.00 0 0.35 

4F: 25000ppm 50 %25000.00 0 0.29 

Observed 

- Expected 

o~oo 

0.65 

-o.35 

-o.29 

T Value : -10705.88 

TOTAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 49 0.00 0 0.00 

2F: 3000ppm 49 3000.00 1 0.35 

3F: 15000ppm 48 %15000.00 0 0.35 

4F: 25000ppm 50 %25000.00 0 0.29 

T Value : %-10705.88280 

Variance : %78560560.00000 

Z Value : -1.20787 

One Tailed Probability: 0.15000 

Observed 

- Expected 

0.00 

0.65 

-0.35 
-0.29 

ML Value 

1.00 

2.83 

0.00 

0.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : SKIN FATES : ALL 
FINDING : ACANTHOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IF: 0ppm 48 0.00 0 0.00 0.00 

2F: 3000ppm 22 3000.00 0 0.00 0.00 

3F: 15000ppm 22 %15000.00 0 0.00 0.00 

4F: 25000ppm 50 %25000.00 0 0.00 0.00 

T Value : 0 

NON-FATAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 48 0.00 0               0.35 

2F: 3000ppm 22 3000.00 0 0.15 

3F: 15000ppm 22 %15000.00 0 0.15 

4F: 25000ppm 50 %25000.00 1 0.35 

~ 0bserved 

Expected 

-0.35 

-0~15 

-0.15 

o.~5 

T Value : 13448.82 

TOTAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 48 0.00 0 0.35 

2F: 3000ppm 22 3000.00 0 0.15 

3F: 15000ppm 22 %15000.00 0 0.15 

4F: 25000ppm 50 %25000.00 1 0.35 

T Value : %13448.81930 

Variance : %123034800.00000 

Z Value : 1.21247 

One Tailed Probability: 0.15000 

Observed 

- Expected 

-0.35 

-0.15 

-0.15 

0.65 

ML Value 

0.00 

0.00 

0.00 

2.82 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : SKIN FATES : ALL 
FINDING : SUBCUT. TISSUE, FIBROMA 

FATAL TUMORS 

Gxoup Number of Dose Observed Expected Observed 
Animals Level - Expected 

IF: 0ppm 48 0.00 0 0.00 0.00 

2F: 3000ppm 22 3000.00 0 0.00 0.00 

3F: 15000ppm 22 %15000.00 0 0.00 0.00 

4F: 25000ppm 50 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level ~ Expected 

IF: 0ppm 48 0.00 0 0.00 0.00 

2F: 3000ppm 22 3000.00 0 0.00 0.00 

3F: 15000ppm 22 %15000.00 1 0.14 0.86 

4F: 25000ppm 50 %25000.00 0 0.86 -0.86 

T Value : -8620.69 

TOTAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

ML Value 

IF: 0ppm 48 0.00 0 0.00 0.00 1.00 

2F: 3000ppm 22 3000.00 0 0.00 0.00 1.00 

3F: 15000ppm 22 %15000.00 1 0.14 0.86 7.25 

4F: 25000ppm 50 %25000.00 0 0.86 -0.86 0.00 

T Value : %-8620.69040 

Variance : %I1890624.00000 

Z Value : -2.50000 

One Tailed Probability: 0.00700 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 
FINDING : ADENOCARCINOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 
Animals Level - Expected 

IF: 0ppm 48 0.00 0 0.00 0.00 
2F: 3000ppm 22 3000.00 0 0.00 0.00 

3F: 15000ppm 22 %15000.00 0 0.00 0.00 

4F: 25000ppm 50 %25000.00 0 0.00 0.00 

T Value : 0 

NON-FATAL TUMORS 

Group Number of Dose Observed 

Animals Level 

IF: 0ppm 48 0.00 1               0.41 

2F: 3000ppm 22 3000.00 0 0.07 

3F: 15000ppm 22 %15000.00 0 0.09 

4F: 25000ppm 50 %25000.00 0 0.43 

Expected Observed 

- Expected 

0.59 

~0.07 

-0.09 

-0.43 

T Value : -12320.99 

TOTAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 48 0.00 1 0.41 

2F: 3000ppm 22 3000.00 0 0.07 

3F: 15000ppm 22 %15000.00 0 0.09 

4F: 25000ppm 50 %25000.00 0 0.43 

T Value : %-12320.98830 

Variance : %138366080.00000 

Z Value : -1.04744 

One Tailed Probability: 0.15000 

Observed 
- Expected 

0.59 
-0.07 

-0.09 

-0.43 

MLValue 

2.45 

0.00 

0.00 

0.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 
FINDING : ADENOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

IF: 0ppm 48 0.00 0 0.00 0.00 

2F: 3000ppm 22 3000.00 0 0.00 0.00 

3F: 15000ppm 22 %15000.00 0 0.00 0.00 

4F: 25000ppm 50 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 48 0.00 4              3.39 

2F: 3000ppm 22 3000.00 5 1.04 

3F: 15000ppm 22 %15000.00 2 1.16 

4F: 25000ppm 50 %25000.00 0 5.41 

T Value : -i10799.1 

!Observed 

~ Expected 

3.96 

0.84 

-5.41 

TOTAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 48 0.00 4 3.39 

2F: 3000ppm 22 3000.00 5 1.04 

3F: 15000ppm 22 %15000.00 2 1.16 

4F: 25000ppm 50 %25000.00 0 5.41 

T Value : %-110799.14100 

Variance : % 1264.42061E+06 

Z Value : -3.11595 

One Tailed Probability: 0.00100 

Observed 

- Expected 

0.61 

3.96 

0.84 

-5.41 

ML Value 

1.18 

4.8O 

1.72 

0.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 
FINDING : PAPILLARY ADENOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

IF: 0ppm 48 0.00 0 0.00 0.00 

2F: 3000ppm 22 3000.00 0 0.00 0.00 

3F: 15000ppm 22 %15000.00 0 0.00 0.00 

4F: 25000ppm 50 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Observed 

Animals Level 

IF: 0ppm 48 0.00 1 

2F: 3000ppm 22 3000.00 1 

3F: 15000ppm 22 %15000.00 0 

4F: 25000ppm 50 %25000.00 0 

T Value : -20849.08 

Expected ii0bserved 

iExpected 

0.74 0.26 

0.24 0.76 

0.23 -0.23 

0.79 -0.79 

TOTAL TUMORS 

Group 

IF: 0ppm 

2F: 3000ppm 

3F: 15000ppm 

4F: 25000ppm 

Number of Dose 

Animals Level 

Observed Expected 

48 0.00 1 

22 3000.00 1 

22 %15000.00 0 

50 %25000.00 0 

T Value : %-20849.08200 

Variance : %261083808.00000 

Z Value : -1.29032 

One Tailed Probability: 0.i0000 

Observed 
- Expected 

ML Value 

0.74 0.26 1.34 

0.24 0.76 4.19 

0.23 -0.23 0.00 

0.79 -0.79 0.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 
FINDING : FIBROADENOMA 

FATAL TUMORS 

Group Number of Dose Observed Expected Observed 

Animals Level - Expected 

IF: 0ppm 48 0,00 0 0.00 0.00 

2F: 3000ppm 22 3000.00 0 0.00 0.00 

3F: 15000ppm 22 %15000.00 0 0.00 0.00 

4F: 25000ppm 50 %25000.00 0 0.00 0.00 

T Value : 0 

NON- FATAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 48 0.00 4 3.73 

2F: 3000ppm 22 3000.00 1 1.16 

3F: 15000ppm 22 %15000.00 5 1.53 

4F: 25000ppm 50 %25000.00 5 8.58 

Observed 

2~Expected 

T Value : -37904.6 

0.27 

3.47 

-3.58 

TOTAL TUMORS 

Group Number of Dose Observed Expected 

Animals Level 

IF: 0ppm 48 0.00 4 3.73 

2F: 3000ppm 22 3000.00 1 1.16 

3F: 15000ppm 22 %15000.00 5 1.53 

4F: 25000ppm 50 %25000.00 5 8.58 

T Value : %-37904.60200 

Variance : % 1317.85408E+06 

Z Value : -1.04414 

One Tailed Probability: 0.15000 

Observed 
- Expected 

0.27 

-0.16 

3.47 

-3.58 

MLValue 

1.07 

0.86 

3.26 

0.58 
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PROJECT ID: 1231 
TISSUE : MAMMARY GLAND 
FINDING : CYSTADENOMA 

15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Peto Score Statistics 

DAYS : ALL 
FATES : ALL 

FATAL TUMORS 

Group Number of 

Animals 

IF: 0ppm 48 

2F: 3000ppm 22 

3F: 15000ppm 22 

4F: 25000ppm 50 

Dose 

Level 

0.00 

3000.00 

%15000.00 

%25000.00 

T Value 

Observed Expected Observed 

- Expected 

0 0.00 0.00 

0 0.00 0.00 

0 0.00 0.00 

0 0.00 0.00 

NON- FATAL TUMORS 

Group Number of 
Animals 

IF: 0ppm 48 

2F: 3000ppm 22 

3F: 15000ppm 22 

4F: 25000ppm 50 

Dose 

Level 

0.00 

3000.00 

%15000.00 

%25000.00 

T Value : -11015.87 

Observed Expected Observed 

. 2’ Expected 

1 0.49 , 0.51 

0 0.05 -0.05 

0 0.06 -0.06 

0 0.40 -0.40 

TOTAL TUMORS 

Group Number of 

Animals 

IF: 0ppm 48 

2F: 3000ppm 22 

3F: 15000ppm 22 

4F: 25000ppm 50 

Dose 

Level 

Observed Expected 

0.00 1 

3000.00 0 

%15000.00 0 

%25000.00 0 

Observed 
- Expected 

T Value : %-11015.87300 

Variance : %141380704.00000 

Z Value : ~0.92645 

One Tailed Probability: 0.20000 

0.49 0.51 

0.05 -0.05 

0.06 -0.06 

0.40 -0.40 

MLValue 

2.03 

0.00 

0.00 

0.00 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : OVARIES FATES : ALL 

FINDING : ADENOMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

IF* 0 49 49 

2F 1 48 49 0.50000 1.00000 0.50000 1.00000 1.00000 

3F 0 48 48 1.00000 1.00000 1.00000 2.00000 1.00000 

4F 0 50 50 1.00000 1.00000 1.00000 2.00000 1.00000 

? 1.010309 0.000000 

Zero Values - No Chi Square 

Zero Values - No Chi Square 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : SKIN FATES : ALL 

FINDING : ACANTHOMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP     RESP TOTAL     PROBABILITY TREATED TREATED PROBABILITY EXTREME CHI SQUARE YATES CORRE 

IF* 0 48 48 

2F 0 22 22 1.00000 1.00000 1.00000 2.00000 1.00000 

3F 0 22 22 1.00000 1.00000 1.00000 2.00000 1.00000 

4F 1 49 50 0.51020 1.00000 0.51020 1.02041 1.00000 

Zero Values - No Chi Square 

Zero Values - No Chi Square 

? 0.969897 0.000421 

FINDING : SUBCUT. TISSUE, FIBROMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TA.ILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED "    PROBABILITY EXTREME 

IF* 0 48 48 .~". 

2F 0 22 22 1.00000 1.00000 1.00000 2.00000 1.00000 

3F 1 21 22 0.31429 1.00000 0.31429 0.62857.:I 0.31429 

4F 0 50 50 1.00000 1.00000 1.00000 2.00000 1.00000 

CHI SQUARE YATES CORRE 

Zero Values - No Chi Square 

? 2.213439 0.162357 

Zero Values - No Chi Square 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 

FINDING : ADENOCARCINOMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOT~tL PROBABILITY TREATED TREATED PROBABILITY EXTREME 

IF* 1 47 48 

2F 0 22 22 0.68571 0.68571 1.00000 1.37143 1.00000 

3F 0 22 22 0.68571 0.68571 1.00000 1.37143 1.00000 

4F 0 50 50 0.48980 0.48980 1.00000 0.97959 0.48980 

? 

? 

? 

CHI SQUARE YATES CORRE 

0.464976 0.162357 

0.464976 0.162357 

1.052405 0.000421 

FINDING : ADENOMA 

CONTROL > CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED    PROPORTION    PROPORTION     TWO-TAILED     = OR MOP~E 

GRP     P.ESP     RESP     TOTAL     PROBABILITY TREATED TREATED PROBABILITY EXTREME 

IF* 4 44 48 

2F 5 17 22 0.07879 0.97695 0.10184 

3F 2 20 22 0.34281 0.72371 0".61910 

4F 0 50 50 0.05387 0.05387 1.00000 

0 ; 20367 
1.2~8~o 

0.i0773~ 

0.12762 

1.00000 

0.05387 

? 

? 

? 

FINDING : PAPILLARY ADENOMA 

CHI SQUARE YATES CORRE 

2.789645 1.652850 

0.011048 0.125843 

4.343972* 2.476172 

CONTROL > CONTROL < 

POS. NEG. ONE-TAILED PROPORTION PROPORTION 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED 

TW0-TAILED 

PROBABILITY 

PROBABILITY 

= OR MORE 

EXTREME CHI SQUARE YATES CORRE 

IF* 1 47 48 

2F 1 21 22 0.43727 0.90435 0.53292 1.06584 0.97019 

3F 0 22 22 0.68571 0.68571 1.00000 1.37143 1.00000 

4F 0 50 50 0.48980 0.48980 1.00000 0.97959 0.48980 

? 

? 

? 

0.329490 0.039480 

0.464976 0.162357 

1.052405 0.000421 

FINDING : FIBROADENOMA 

CONTROL ¯ CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME 

IF* 4 44 48 

2F 1 21 22 0.35369 0.49517 0.85852 0.99034 1.35369 

3F 5 17 22 0.07879 0.97695 0.10184 0.20367 0.12762 

4F 5 45 50 0.26198 0.73578 0.52620 1.05240 1.52461 

CHI SQUARE YATES CORRE 

? 0.326340 0.005099 

? 2.789645 1.652850 

? 0.081565 0.004129 
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15-FEB-1997 
EXCEL INDUSTRIES LTD. 
GLYPHOSATE TECHNICAL 

TABLE - Z 

Fisher’s Exact Statistics 

PROJECT ID: 1231 DAYS : ALL 
TISSUE : MAMMARY GLAND FATES : ALL 

FINDING : CYSTADENOMA 

CONTROL ¯ CONTROL < PROBABILITY 

POS. NEG. ONE-TAILED PROPORTION PROPORTION TWO-TAILED = OR MORE 

GRP RESP RESP TOTAL PROBABILITY TREATED TREATED PROBABILITY EXTREME 

IF* 1 47 48 

2F 0 22 22 0.68571 0.68571 1.00000 1.37143 1.00000 

3F 0 22 22 0.68571 0.68571 1.00000 1.37143 1.00000 

4F 0 50 50 0.48980 0.48980 1.00000 0.97959 0.48980 

? 

? 

? 

CHI SQUARE YATES CORRE 

0.464976 0.162357 

0.464976 0.162357 

1.052405 0.000421 
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(lET 94-0150) 

page 1 - 135 

Histopatho!ogy- Incidence of microscopic neoplastic lesions 
in male rats {Satellite group) 

Interim kill after 26 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No. of animals examined 10 IO     I0     ~0 

Cardiovascular System 
Heart: 
Aorta: 

Hematopoictic & L~/mphatic System 
]~ne marrow(femur): 
Bone marrow(sternum): 
Bone marrow(vertebra): 
Thymus: 
L~mph nodes(cervieall: 
Lymph nodes(mesenteric): 
Spleen: 

Respiratory System 
Trachea: 
Lung: 

Digestive System 
Submaxillary gland: 
Sublingular gland: 
Esophagus: 
Stomach(non-glandular portion): 
Stomach (g[andular portion): 
Small intestine; 
Large intestine 
Liver: 
Pancreas: 

Urinary System 
Kidney: 
Urinary bladder 

Genital System 
Testis: 
Epididymis: 
Seminal vesicle: 
Coagulating gland: 
Prostate: 

Endocrine System 
Pituitary: 
Thyroid: 
Parathyroid: 
Adrenal: 

Nervous System 
Cerebra: 
Cerebellum: 
Brain stem: 
Spinal cord(cervical): 
Spinal cord(thoracic) 
Spinal cord(lumbar): 
Sciatic nerve: 

Musculo-Skeletal System 
Bone(sternum) : 
Bone (femur) : 

(N-)(1o) (1o)(1o) (1o) 
(N-)(I0) (I0) (I0)(lO) 

(N-)(IO) (10) (10)(10) 
~-)(lO) (~o)(lo) (loI Ir~)(1o) (1o)(]o) (1o 

1’° ,oll’° 
(N=)(IO) (I0) (I01 110I 
(N-)(]O) (10) ( !0 10 

(N=)(IO) (10) (I0) (I0) 

,oll1° ioII I0 
(n-)(~O) (10) (10) 

I0) 

(~q-)(lo) (lO) (lo) (lO) 

,off lO/1 lol 
(N=)(IO) (10) (I0 (lo) 

lO 
lO 

(N= 

/NN:IllO] /lOI I 10]/lOl~=101~     101010 1~10            t01010 (~)(~0) (10)(10)(:~0) 

(N=)(IO) (10) (10) (t0) 
(N*)(IO) (10)(I0)(I0) 

Bone(vertebra):               (N-) ( I0 ) (10) (I0) (10) 

(N~ ) : Number of animals examined microscopically at the site. 

Defendant’s Exhibit 2570 0179 



Table 25 - 2 

94-0150) 

page 1 - 136 

Histopathology- Incidence of microscopic neoplastic lesions 
in male rats (Satellite group) 

Interim kill after 26 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No. of animals examined 10     10     10     10 

Museulo-Skeletal System ~eont. ~ 
Bone (vertebra) ~cont.} : (R=) (10) (10) (10) (10) 
Tibio-femoral joint: (N=)(10) (10) (lO) (10) 
Skeletal muscle (~trieeps aurae): (S=)(10) (10) (10) (I0) 

Sense Organs 

ffarderian gland: ( N= ) ( lO     10     10     10 
Integumentary System 

Skin: (N~)(IO) (10) (10) (10) 

No. of benign neoplasms 0 0 0 0 

No, of malignant neoplasms 0 0 0 0 

No. of benign & malignant neoplasms 0 0 0 0 

No. of animals with benign neoplasm(s) 0 0 0 0 

No. of animals with malignant neoplasm(s) 0 0 0 0 

No. of animals with neoplasm(s) 0 0 ¢ 0 

(N=)= Number of animals examined microscopically at the site. 
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Tabie 25 - 3 

(IET 94-0150) 

page 1 - 137 

Histopathology - Incidence of microscopic neoplastic lesions 
in ma}e rats (Satellite group) 

Interim kill after 52 weeks o[ treatment 

Site & Lesion 
Dose ~pm)     0 3000 I0000 30000 

No. of animals examined I0 I0     10     I0 

Cardiovascu{ar System 
Heart: 
Aorta: 

Hematopoietic & Lymphatic System 
Bone marrow (femur) : 
Bone marrow (sternum): 
Bone marrow(vertebra): 

Lymph nodes(cerviea{): 
Lymph nodes(mesenteric): 
Spleen: 

Respir&tory System 
Trachea: 
Lung: 

Digestive System 
Submaxillary gland: 
Sublingular gland: 
Esophagus: 
Stomach(non-glandular portion): 
Stomach(glan]u{ar portion): 
Small intestine: 
Large intestine: 
Liver: 
Pancreas: 

Urinary System 
Kidney: 
Urinary bladder: 

~enital System 
Testis: 
Epidid~mis: 
Seminal vesicle: 
Coagu[~ting ~land: 
Prostate: 

Endocrine System 
Pituitary: 

(B) Anterior adenoma 
Thyroid: 

(B) Follicular adenoma 
(B) C-cell adenoma 

Parathyroid: 

~ervous System 
Cerebrum: 
~erehe{{um: 
Brain stem: 
Spinal eocd(cervica[): 
Spinal cord(thoracic) 
Spinal cord(lumbar): 
Sciatic nerve: 

H=)(lO {o (IO) 1o) 

(N~ItlO/ 110) (10) (10) 

IN= 10 I0) (I0) I I0) S-)(iO) (~0) (]0) 10) 

]oll]° ,oll ioi (N=) ~o If ,o 
I0 I0 

(N=)(10) (10) (I0) (10) 
(~o)(I0) (10) (10) (10) 

(R-) 1o) 
(R-) IO) 

(N~) io) 

N-    10 

(I0) (]o) (~o) 
(10) (]0) (]o) 

(~o) (]o) (lO) 
(10) (10)(10) 

10 10 lO 
10 10 ) ( 10 

lO 

10 

(10) (]0) 

11o 1oi 
(N~)(IO) (10) (10) (10) 

0      1      2      0 
(Nffi)(!O) (10) (10) (10) 

0 I 0 0 
0 0 I 0 

I ~-)(I0) (~0) (:0) (~0) 
N=)(IO) (I0) (10)(I0) 

(N-)(IO) 

(~=)(~o) 
Number o! animals examined microscopically at 

ignaney: (B), benign neoplas~ 

I0 I0 i0 
10 I0 I0 ) 

(lo) (1o)(1o) 

(i0) (10) (~0) 

the site. 
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Table 25 - 4 

(IET 94-0150) 

page 1 - 1~8 

Histopatholog¥- Incidence o~ microscopic neoplastic lesions 
in male rats (Satellite group) 

Interim kill after 52 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No. of animals examined 10     10     10     10 

biusculo-Skeletal ~¥stem 
Bone(sternu~O: (lq=) (10) (10) (10) ( 10 

Bone (vertebra) :                             10 10 10 10 Tibio-femoral joint: 10 10 10 10 
Skeletal muscle (~triceps surae): (}I~)(10) 

I 10) (10) ( 10 Sense Organs 
Eye : 

I.tegumentary System 
Skin: (Nffi ) ( lO ) ( 10 ) ( 10 ) ( 10 

~) Pap i I ~ o~a 1 0 0 0 

No. of benign neoplasms ! 3 3 0 

~o. of malignant neoplasms 0 0 0 0 

No. of benign & malignant neoplasms l 3 3 0 

No. of animals with benign neoplasm(s) 1 3 3 0 

No. of animals with malignant neoplasm(s) 0 0 0 0 

~o. of animals with neoplasm(s) 1 3 3 0 

(N-): Number of animals examined microscopically at the site. 
Malignancy: (B), benign neoplas~ 
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(IET 94-0150) 

page 1 - 139 

Histopatbology- Incidence of microscopic neoplastic lesions 
in male rats (Satellite group) 

Interim kill after 78 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 I0000 30000 

No, o{ animals examined    6 5     I0 8 

Cardiovascular System 
Heart: 
Aorta: 

Hematopoietic & Lymphatic System 
~ne marrow(femur): 
l~one marrow(sternum): 
Bone marrow(vertebra): 
~ymus: 
Lymph nodes (cervical)~ 
Lymph nodes (mesenterie): 
Spleen: 

Respiratory System 
Trachea: 
Lung: 

(B) Adenoma 
Digestive System 

Submaxillary gland: 
Suhlingular gland: 
Esophagus: 
Stomach(non-glandular portion): 
Stomach(glandular portion)= 
Small intestine: 
Large intestine: 
Liver: 

(g) HepatoeeIlulsr adenoma 
Pancreas: 

Urinary System 
Urinary bladder: 

Genital System 
Testi~= 
Epididymis: 
Semina~ vesicle: 
Coagulating gland: 
Prostate: 

Endocrine System 
Pituitary: 

(B) Anterior adenoma 
Thyroid: 

~) C-cell ~denoma 
Parathyroid: 
Adrenal: 

~) Cortical ade~om~ 
~) Pheochromocytoma 

Nervous System 
Cerebrum: 
Cerebella: 
Brain stem: 
Spinal cord(cervica[): 
Spinal cord(thoracic): 
Spins[ cord(l~bar): 

(10    8) 

(N=)(6) (5) (10) ( 
(R=)(6) 

IN=)(6) (5) I0 

(N=)(6) (s) (1o) ( 
(s-)(6) (s) 

2    0    0 

(N-)(~) (s) 

(N-)(B) (5) (10) ( 
(N=)(6) (5) (I0) ( 

(N-): Number of animals examined microscopically at the site. 
Malignancy:    ~), benign neoplasrL 

8 

s) 

0 

8) 

s) 

~) 

1 

8) 

s) 
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Table 25 - 8 

([ET 94-0150) 

pa~e 1 - 140 

ffistopathology- Incidence of microscopic neoplastic lesions 
in ma!e rats (Satellite group) 

Interim kill alter 78 weeks of treatment 

Site & Lesion 
Dose (ppm)     0 3000 lO000 30000 

No. of animals examined    6 5     10 8 

Nervous System ~cont. 
Spinal cord(lumbar) 
Sciatic nerve: ( N 

Museulo-Skeletal System 
 one (sternum): 
Bone (,emur) ~ 
Bone (vertebra) ~ 

I :ll I’° Skeletal muscle (~ triceps surge): (N=) ( 6 ( 5) (10) ( 8 ) 
Sense Organs 

Eye= 

Integumentary System 

Skin: (N=)(6) (5) (10) (8) ~l Keratoacanthoma 1 0 0 0 
Fibroma 0 0 1 0 

No. o[ benign neoplasms 9 6 9 S 

No. o[ malignant neoplasms 0 0 0 0 

No. of benign & malignant neoplasms 9 6 9 5 

No. of animals with benign neoplasm(s) 6 4 7 4 

No. of animals with malignant neoplasm(s) 0 0 0 0 

~o. of animals with neoplasm(s) 6 4 7 4 

(~=): Number of animals examined microscopically at the site. 
~alignaney:    ~), benign neoplasm 
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Table 25 - ? 

(IET 94-0150) 

page 1 - 141 

Histopathology - Incidence of microscopic neoplastic lesions 
in male rats ~ain group) 

Terminal kill after 104 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 8000 I0000 30000 

No. of animals examined 18 20     18     29 

Cardiovascular System 
Heart: 

(B) Sehwannom~ 
Aorta= 

Hematopoietic & Lymphatic System 
General: 

~ Mononuclear cell leukemia 
Bone marrow(femur) : 
Bone marrow (sternum) : 
Bone marrow (vertebra) : 
Thymus: 
Lymph nodes(cervical): 
Lymph nodes (mesenteric): 
Spleen: 

Respiratory System 
Trachea: 
Lung: 

(B) Adenoma 
~ Squamous cell carcinoma 

Digestive System 
Submaxillary gland: 
Sublingular gland: 
Esophagus: 
Stomach(non-glandular portio~ : 
Stomach(glandular portion): 

(M) Leiomyosarcoma 
Small intestine: 

0~) Leiomyoma 
{M) Adenoearcinoma 

Large intestine: 
Liver: 

(M) Hepatocellular carcinoma 
Pancreas: 

~ 
A einar cell adenoma 
Islet cell adenoma 
Islet cell carcinoma 

Urinary System 
Kidney: 

~l A denoma 
Lipoma 

Urinary bladder: 
Genital System 

Testis: 
Oi) Interstitial cell tumor 

Epididymis; 
Seminat vesicle: 
Coagulating gland: 

(B) Adenoma 

(N=)(18) (20)(18) (29) 
0      0      0      l 

(~)(18) (20) (18)(29) 

(N=)(18) (20) (18)(29) 
0 1 0 0 

18 20 

18) (20) (18)(29) 

20 t 18 
18 ) ( 20 18 ( 29 

(N=)(m) (2oi 181 (29) 
(N=)(I8) (20) (18){29) 
(N=)(18) (20) (18) (29) 

0 2 1 3 
0 0 1 0 

(N=) ( 18 20) ( 18 29) 
(R=)(m) (20) (18) (29) 

0 0 1 0 
(N=)(18) (20) (18)(29) 

0 0 0 1 
0 0 I 0 

18) (20)(181 I291 29 ) 
0 0    0    I 

(S=)(18) (20) (18)(29) 
0 1 0 
3 1 1    0 
0 0 1 0 

(N: (18) 
0 
0 

(N= (18) 

(N= (18) 
1 

(rl- (181 

(~qo (18) 
o 

Prostate:                     (N+)(18) (20) ( 

(N-): Number of animals examined microscopically at the site. 
Malignancy:    ~), benign neoplas=; (M), malignant neoplas~ 

20) (18) (29) 
0    0    1 
0    0    1 

20) (18)(29) 

20) (18)(29) 
1    0    2 

20) (181 /29) 
20 ) ( 18 29 ) 
20) (18) (29) 

0    0 
18) (29) 
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Table 25 - 8 

(IET 94-0150) 

page I - 142 

Histopathology- Incidence of microscopic neoplastic lesions 
in male rats Wain group) 

Terminal kill after 104 weeks of treatment 

Site & Lesion 
Dose @pm)     0 3000 10000 30000 

No. of animals examined 18     20     18     29 

Endocrine System 

Pituitary:~, (N~)(18) (20) (18) (29) 
~l Anter~°r adenoma 13 14 13 21 kdenoma in intermediate part 0 1 0 0 

< Mass not in section > 0 0 0 1 
%yroid: (N=) (18) (20) (18) (29) 

G-cell adenoma 2 5 0 1 
~ C-cell 

Parathrr o i d : 

~) Pheoehromoeyto~a 8      4 3 
Nervous System 

Cerebra: { N 
~) GI ioma 0 0 0 1 

Cerebellum: (N-)(18) { 20) (18) (29} 
~) Granular cell tumor 0 0 1 0 

Brain stem: ( 
Spinal cord(cervical): (N=)(18) (20) (18) { 29 ) 

~piaal eord(lu~har): (N 
Sciatic nerve: 

~usculo-Skeletal 
~ne(sternu~): (N~)(18) (20) (18) (29) 

Tibio-fesoral joint:           ( 
Skeletal ~usele (.~triee~s surae)~ (~=)(18) (20) (18) (29) 

Sense Organs 

E~e: (N=)(18) (20) (18) (29) 
~) Schwa.no~a 1 0 0 0 

Harderian gland:              (N-) ~ 18) (20) (18) (29) 

~) Papilloma 1     - - 0 
~ Malignant schwannoma 0 - - 1 ]nteg~entary Sys~e~ 

Skin: (N~)(18) (20) (I8) (29) 
~) Papilloma 1 3 2     0 

~t Keratoaeanthoma 1 2 0 
Triehoepithelioma 0 1 0 
Sebaceous gland adenoma 0 1 0 0 

~) Basal cell adenoma 0 0 0 1 
Fibroma 1 fl 3 2 

~) Lipoma 2 1 2 1 ~ Basal cell carcinoma 0 0 0 1 
Fibrosarcoma 0 1 1 0 

(~0 Malignant schwannoma 0 ¢ 0 1 
Ma,..,ary gland: ( N= )(1) ( 3 ) ( 1 ) (1) 

(~ Fibroadenoma 1 2      0 0 
kdenoearcinoma 0 0 1 1 

( N= ): Number of animals examined microscopically at the site. 
Malignancy:    (B), benign neoplasm: ~), malignant neoplas.r 
*: Significantly different from the control at 5~ level of probability. 
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(i~r o4-o15o) 

page 1 - 143 

Ristopathology - Incidence of microscopic neoplastic lesions 
in male rats ~ain group) 

Terminal kill after 104 weeks of treatment 

Site & Lesion 
Dose ~p~,) 0 3000 10000 30000 

No. of animals examined 18 20 18 29 

No. of benign neoplasms 37 40 26 48 

Ro. of malignant neoplasms 0 2 7 5 

No. of benign & malignant neoplasms 37 42 33 53 

Ro. of animals with benign neoplasm(s) 18 19 15 27 

No. of animals with malignant neoplasm(s) 0 2 7 5 

No. of animals with neoplasm(s) 18 I9 18 27 
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Table 25- 10 

(I~L~ 94-0150) 

page 1 - 144 

Histopathology -Ineidenee of microscopic neoplastic lesions 
in male rat~ (Main group) 

Killed in extremis or found dead 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No, of animals examined 32 30 32 21 

0    0 

2    0 

32) (30)(32)(21) 
0 1 1 0 

32) (30) (32) (21) 

32) (30)(32) (21) 
1    0 0 0 
0 2 1 0 

32) (SO)(31)(21) 

32 30 32 21 

32 29 ) ( 30 21 
32 

321 /21 
0 1    0 0 

(N=)(32) (30) (32) (21) 
0 1 0 0 
0 0 0 1 

32 30     32 21 
32 ) 30 ) 32 21 

0 1 0 0 
32 

21 ) 
0 0 1    0 
0 1 2 0 

32) (30)(32)(21) 
0 0 1 1 
1 0 0 1 

0 0    0    3 
S2) (~0) (32) (21) 

3i) (30) (32) (21) 
2 1      0 0 

31) (30) (32) (21) 
32) (21) 

General Organs 
(M) Systemic histiocytic sarcoma 
(M) Systemic malignant fibrous 

histioeytoma 
Cardiovascular System 

Heart: IN=)( 

Aorta~..) Sehwannoma (N=)( 
Hematopoietic & Lymphatic System 

General: (N=)( 

~ Myelogenic leukemia 
Malignant lymphoma 

Bone marrow (femur}: ( N= ) ( 
Bone marrow (sternum) : 
Bone marrow (vertebra): ( 
Thymus: ( N= ) ( 
Lymph nodes (cervical): ( N= )( 

L~n~PhSpleen:nodes(mesenterie): 

(M} Bistiocytie sarcoma 
Respiratory System 

Nasal cavity: 
Trachea: 
Lung: 

~ A denoma 
Adenoeareinoma 

Digestive System 

Sublingular gland: 
Esophagus: 
Stomach(non-glandular portion): (        N~ ) ( 

Small intestine: 
(M) Malignant schwannoma 

(B) Hepatoeellular adenoma 
(hi) Bepatocellular carcinoma 

Pancreas: ( N" )( 
(B) Acinar cell adenoma 
~B) Islet cell adenoma 

Urinary System 
Kidney: (N=)( 

(B) Adenoma 
Urinary bladder: ( 

Genital System 
Testis: (N=)( 

(B) Interstitial cell tumor 
Epididymis: IN- ) ( 
Seminal vesicle: (N=)(32) (30) ( 

(N=): N~mber of animals examined microscopically at the site, 
Malignancy:    (B), benign neoplasm: (M), malignant neoplas~ 
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Table 25- 1I 

(IET 94-0150) 

page 1 - 145 

ffistopathotogy- Incidence of microscopic neoplastic lesions 
in male rats ~ain group) 

Killed in extremis or found dead 

Site & Lesion 
Dose (ppm)     0 3000 10000 30,000 

No. of animals examined 32     30     32     21 

Genital System <(cont.} 
Seminal vesicle ((cont.)) : 
Coagulating gland: 
Prostate: 

Endocrine System 
Pituitary: 

~} Anterior adenoma 
Thyroid: 

~ 
F ollicular adenoma 
C-eel I adenoma 
Fol I i cular adenocarc i noma 
C-cell carcinoma 

Parathyroid: 
Adrenal : 

~I C ortical adenoma Pheochromocytoma 
(~0 Cortical adenoearcinoma 

Nervous System 
Cerebrum: 

(~ GI ioma Ma]ignant retieulosis 
Cerebellum: 
Brain stem: 

SPinal cord (thoracic) 
Spinal cord (lumbar) : 
Sciatic nerve: 

Musculo-Skelctal System 
Bone (sternum) : 
Bone(femur): 

~B) 0s teoehondroma 
Bone(vertebra): 
Bone(others): 

~I) Osteosarcoma 

Skeletal muscle (m. triceps surae) 
Sense Organs 

Eye: 
[Iarderian gland: 

(M) Zymbal’s gland carcinoma 
Integumentary System 

32) (30) (32)(21 
32) (30) (32) (21 

32) (30)(32) (21 
22     21     14.    18 
32) (29)(3i) (21 
1 0 I 0 
2 4 2 4 
1 0 0 0 
2 0 0 1 

32) (28) (31) (21 
32) (30) (32) (21 

I 2 0 0 
6 4 2 ~ 
0 0 1 0 

32) (30)(32)(21 
1 0 1 0 
1 0 0 0 

32) (30} (32) (21 
32) (30} (32) (21 

32 30 32 21 
32 30 32 21 
31) (30) (31) (20 

32 

0 0 I 0 

0 0 1 0 
32 

32) (29)(30) (21 
32) (29)(S0) (21 
0) (l) (1) ( o 
- 0     l - 

Skin;                    (N-)(32) (30) (32)(21 
(B) Papilloma                         0     2     1     0 

~/ Keratoacanthoma 2 1 0 1 
Basal celt adenoma 0 0 0 2 
Fibroma 3 3 0 3 

(B) Lipoma 2 1 0 0 
(M) Squamous cell carcinoma 0 0 1 1 

(N-): Number of animals examined microscopically at the site, 
~aIignancy: benign neoplasm; (M). malignant neoplas~ 
*: Significantly different from the control at 5 g level of probability. 

) 
) 

) 
) 

) 
) 

) 
) 
) 
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Table 2g - 12 

(IET 9~-0150) 

page 1 - 146 

Histopathology - Incidence of microscopic neoplastic lesions 
in male rats ~ain group) 

Killed in extremis or found dead 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No. of animals examined 32 30     32     21 

Integumentary System ~eont. ~ 
Skin ~cont. ~ : 

~ L iposareoma 
Hemangiosarcoma 

~ Malignant hemangiopericytoma 
~ 0steosareoma 
~ Histioeytie sarcoma 

Mammary gland: ( N- ) ( ~ 
BB(~BBiAden°ma 

Fibroadenoma 
Adenoeareinoma 

Body Cavities 
Thoracic cavity: 

(~) Malignant mesothelioma 
Abdominal cavity: 

0vI) Malignant seh~anno~a 
~ ~aligaant mesothelioma 

1 

0 
0 
2 
1 
1 
0 

) (30) (32) (21 
0 0 0 
0 1 0 
0 0 1 
1 0 
0 1 0 

0 0 0 
I 1 0 
0 0 1 

(N=)(O) (O) (I) ( 0 

(N-)(1) (4) (3) ( I 
0 0 1 0 
0 1 0 0 

) 

) 

No. of benign neoplasms 45 42 26 39 

No. o[ malignant neoplasms 8 7 12 6 

No, o[ benign & malignant neoplasms 53 49 ~8 45 

No. of animals with benign neoplasm(s) 26 28 18 20 

No. of animals with malignant neoplasm(s) 8 7 12 4 

No. of animals with neoplasm(s) 30 28 24 20 

(N=): Number of animals examined microscopically at the site. 
Malignancy:    ~), benign neoplasm; (M). malignant neoplas~ 
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Table 25- 13 

(IL~ 94-0150) 

page 1 - 147 

Histopatho~ogy- incidence of microscopic neoplastic lesions 
in male rats main and satellite groups) 

All animals examined 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No. of animals examined 78     75     80     78 

O~ Systemic histiocytic sarcoma 
(~0 Systemic malignant fibrous 

histioeytoma 
Cardiovascular System 

Heart:                            ( N- ) 
(B) Sch~annoma 

horta: 
( N= ) Hematopoietic & Lymphatic System 

General: ( N= 

(~M) Myelogenic leukemia Malignant lymphoma 

~ Mononuelear ceil leukemia 
Bone marrow (femur) : ( N= ) 
Bone marrow(sternum): ( N= ) 
Bone marrow(vertcbra): ( Thymus: 

.( Lymph nodes(cervical): ( 
Lymph nodes lmesenteric): ( ~= ) 
Spleen: ( N= ) 

(b0 Histioeytic sarcoma 
Respiratory System 

Nasal cavity: (N=) 
Trachea: 

( N= ) Lung: ( N- ) 
(B) hdenoma 
(M) Squamous cell carcinoma 
(M) hdenocarcino=a 

Digestive System 
Submaxillary gland: ( N= ) 
Sublingular gland: ( N= ) 
Esophagus: 
’tomaeh(non-glandular porti0n): 
Stomach ~landu/ar portion): ( N= ) 

~0 Leiomyosarcoma 
Small intestine:                   (N=) 

(B) Leiomyoma 

~ hdenocarcinoma 
(~) Malignant sehuannoma 

Large intestine: (N=) 
Liver: ( N= ) ~ H epatoce[lutar adeaoma 

Hepatocellular carcinoma 
Pancreas:                          ( N= )( 

~) heinar cell adenoma 
~) Islet cell adeno~a 
~ Islet cell 

Urinary 
Kidney: 

( 
~) hdeno~a 

(76) (~5) 
1 0 
0 2 
0 1 

( 76 

75 ) 
(76) (75) 

0    1 

0 0 
1 
0    0 

80 78 

80 78 

80     78 
SO ) ( ~ 

0 

I 0 

(~6) (~5) (so) 
2 3 1 
0 0 1 
0 0 0 

3 
0 
1 

76 

76) (zs)(so) 
0 0 1 0 

(Z~) (7S) (SO) (ZS) 
0 0 0 1 
0 0 1 o 
0 1 0 0 

1 0 2 1 
0 1 2 1 

Z6) (~5) (80)(~8) 
0 1 1 2 
4 1 1 1 
0 0 1 0 

76) (zs)(80) 
0    0    0 

(N=): Number of animals examined microscopically at the site. 
Malignancy: ~), benign neoplasm; ~), malignant neoplas~ 
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Table 25 - 14 

(IET 9~-0150) 

page 1 - 148 

||istopathology- Incidence of microscopic neoplastic lesions 
in male rats ~ain and satellite groups) 

All animals examined 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

Ro, of animals examined 76     75     80     78 

Urinary System ~cont. } 
Kidney ~eont. } : ( 

(B) Lipo=a 
Urinary bladder: ( 

Genital System 
Testis: ( 

~) Interstitial cell tumor 
Epididymis: ( 
Seminal vesicle: ( 
Coagulating gland: ( 

(B) Adenoma 
Prostate: ( 
Penis: ( 

Endocrine System 
Pituitary: ( 

(B) hnterior adenoma 
(B) Adeaoma ia intermediate part 

< Mass not in section 
Thyroid: ( 

~l Follicular adenoma 
C-cell adenoma 

0d) Follicular adenoeareinoma 
~ C-cell carcinoma 

Parathyroid: ( 
Adrenal: ( 

(B) Cortical adenoma 
(B) Pheochromocyto~a 
(~ Cortical adenocarcinoma 

Nervous System 
Cerebrum: ( 

(B) Glioma 
(M) Malignant retieulosis 

Cerebellum: ( 
iB) Granular cell tumor 

Brain stem: (N= 
Spinal cord(cervical): ( 
Spinal cord(thoracic): 
Spinal cord(lumbar): 
Sciatic nerve: ( 

Museulo-Skeletal System 

Bone(sternum): 
Bone(femur): 

(B) Osteoehondroma 
]3one (vertebra): ( 
Bone(others): ( 

~ 0steosareoma 
Tibio-femoral joint: ( 
Skeletal muscle (~triceps surae): ( 

)(78) (zs) (80)(78) 
0      0      0      I 

)(TS) (~5)(80)(~8) 

)(78) (75)(80) (78) 
3    2    0    2 

)(75) (~5)(80) (~’8) 

~a ) 
0 0 0 1 

(76) (~s)(80) (78) 
(1) (O) (O) (O) 

(76) (is)(80) (78) 
38 40 33 42 
0 I 0    0 
0 0 0 

)(~) (7,~)(79) (~8) 
3 2 l 0 
6 10 5 6 
1 0 0 0 
2 0 1 1 

)(~6) (~3)(79) 
178) )(’z6) (?s)(8o) 78) 

1 2 I 0 
14 9 5, 10 
0 0 1 0 

)(76) 
)(6) 

0 
)(76) 
)(76) 

(75) 
0 
0 

o 
(z5) 
(is) 

(8o) (78) 
1 l 
0 0 

(80) (~8) 
1    0 

80) (?8) 

I 17 ) 80 ~8 ) 
79 I 77 ) 
79 77 ) 

( N= ): Number of animals examined microscopically 
Malignancy: 

75 

0    1    0 
?.q) (80) (~8) 
4) (]0) (9) 
0    1    0 

~S) (~’9) (?8) 
~5) (80)(78) 

at the site. 
~), benign neoplasm; Od), malignant neoplas~ 

*: Significantly different [ro~ the control at 5 g level of probability. 
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Table 25- 15 

(lET 94-0150) 

page 1 - 149 

ffistopatbology - Incidence of microscopic neoplastic lesions 
in male rats ~ain and satellite groups) 

All animals examined 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No. o[ animals examined 76 75     80     78 

Integumentary 

~I Papilloma Keratoacanthoma 

~] Trichoepithelioma Sebaceous gland adenoma 
(B) Basal cell adenoma 

~t F ibroma 
Lipoma 

(M) Squamous cell carcinoma 
(M) Basal eel! carcinoma 
(M) Fibrosarcoma 
(M) Liposarcoma 
(M) Hemangiosarcoma 
~ Malignant hemangiopericytoma 
~ Osteosarcoma 
~ Malignant schwannoma 
~ Histiocytic sarcoma 

Adenoma 
~) Fihroadenoma 
~ Adenocarciaoma 

~dy Cavities 

Sense Organs 
Zye: (N=)(76) (74) (78 

(B) Schwannoma 1 0 0 Harderian gland: 

(N-)I 7B) (74) (78 
Ear: (N=) O) (1) ( 1 

(M) Zymbal’s gland carcinoma 
- 0 1 Auricle: (N=){ 3) (1) ( 0 

(B) Papilloma 1 0 - 
Malignant schwannoma 0 0 - 

Thoracic cavity: (N=)( O) ( 0 
(M) Malignant mesothelioma - _ 

Abdominal cavity: 
(N=)( 1 ) ( 5 

~ Malignant schwannoma 0 0 
~ Malignant mesothelioma 0 I 

) (80 
3 
0 
0 
0 
0 

1 
0 
1 
0 
1 
0 
0 
0 
1 

0 
1 
1 

1 
1 
4 
1 
0 

o 

) 0 

) 2 
0 
1 

0 

0 
0 
3 
5 
1 
1 
1 
0 

0 
1 
1 
1 
0 

0 
0 
2 

)(0 

)(2 
0 
0 

) 

) 
) 

) 

) 

) 

No. of benign neoplasms 92 9I 84 92 

No, of malignant neoplasms 
8 9 19 11 

No. of benign & malignant neoplasms 100 100 83 I03 

No, of animals ~ith benign neoplasm(s) 51 54 43 51 

No. of animals with malignant ~eoplas~(s) 
8 9 19 9 

No. of animals ~ith neoplasm(s) 55 54 52 51 

(N-): Number of animals examined microscopically at the site. 
Malignancy:    ~), benign neoplasm: (M). malignant neoplas~ 
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Table 26 - 1 

(IET 94-01S0) 

page 1 - 150 

ffistopathology- Incidence of microscopic neoplastic lesions 
in female rats (Satellite group) 

Interim kill after 26 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No, of animals examined I0 10     I0     10 

Cardiovaseu!ar System 

ffeart: 
Aorta: 

Hematopoietic & L~mphatic System 
Bone marrow (lemur) : 
Bone marrow (sternum) : 
Bone marrow (vertebra) : 
Thymus: 
Lymph nodes/cervical): 
Lymph nodes(mesenteric): 
Spleen: 

Respiratory System 
Trachea: 
Lung: 

Digestive System 
Submaxillary gland: 
Sub]ingular gland: 
Esophagus: 
Stomach(non-glandular portion): 
Stomach ~landular portion): 
Small intestine 
Large intestine 
Liver: 
Pancreas: 

Urinary System 
Kidney: 
Urinary bladder 

Genital System 

(N-) 10 ,o 10 10 ) 

10 I0 10 10 
( N= IO 10 IO IO 

( N= lO 10 10 10 

IN I0 lO I0 to 

(N- 

I0 10 
N- I0 i0 

(N= 10) (10 

I0 I0 
N-    I0 10 

( N- IO 
(N-)(IO) (I0) ( 

I0 t 10 10 
/ 10 

10 

I 10 
10 10 

I0 I0 
10 10 
10 10 
10 ) ( 10 

) 
) 
) 
) 

) 
(N= 

Ovary : 

to) (B) Polyp/endometrial stromal polyp     1      0      0      0 
Vagina: 

(N=)(IO) (10)(10)(10) Endocrine System 

Pituitary: (N=) (10) (10) (I0) (10) 
~) Anterior adeno=a 1 0 0 0 Thyroid: ,011 IOI Adrenal: (N-) (I0) (10) (10) (10) Nervous System 

Cerebrum: (N=) (10) (10) (I0) (I0) 
Cerebellum: (N_)(IO) (lOi 110} ilO} 
Brain stem: 

I~ I / 
Spinal cord(cervical) ~    i0 I0     lO     I0 ~ I0 10 I0 I0 
Spinal cord(thoracic) 

(N~IO~ ~ I0~ ~ I0)(10) Spinal cord(l~bar): (N=    I0 I0 I0) (I0) 
Sciatic nerve: (N-) (I0) (I0) (I0) ( I0 ) ~usculo-Skeletal System 
~ne(sternum): (N=) (10) (lO) (10) (I0) 

~o ) ~ lO 10)  
(N’l: Number of animals examined microscopically at the site. 

Malignancy:    ~), benign neoplasm 
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Table 26 - 2 

94-0150) 

page 1 - 151 

Eistopathology- Ineidence of microscopic neoplastic lesions 
in female rats (Satellite group) 

Interim kill after 26 weeks of treatment 

Site & Lesion 
Dose ~p=) 0 3000 10000 30000 

No. of animals examined 10 10 10 10 
Musculo-Skeleta[ System ((cont.) 

Tihio-femoral joint: 

INN 

10 10 10 I0 
Skeletal muscle (~triceps aurae) : 10 10 10 10 Sense Organs 
Eye : ,oil lOl Integumentary System 
Skin: ( 
Ms~ary gland: 

(N= ~ I0 
No. of benign neoplasms 2 0 0 0 

No. of malignant neoplasms 0 0 0 0 

No. of benign & malignant neoplasms 2 0 0 0 

No. of animals with benign neoplasm(s) 2 0 0 0 

No. of animals with malignant neoplasm(s) 0 0 0 0 

No, of animals with neoplasm(s) 2 0 0 0 

(N=): Number of animals ,examined microscopically at the site. 
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Table 26 - 3 

(IET 9~-0150) 

page 1 - 152 

Histopathology- Incidence of microscopic neoplastic lesions 
in female rats (Satellite group) 

Interim kill after 52 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No, o[ animals examined 10     l0     10     I0 

Card i ovascu I ar System 
Heart: ( 
Aorta: ( 

Hematopoietic & Lymphatic System 
Bone =arrow (femur): ( 
~ae =arrow(stern~): 
~ne aarro. (vertebra) : 

Lymph nodes (cervical): 
L~ph nodes (=eseateric) : 
Spleen: 

Respiratory System 
Trachea: 
Lung: 

Digestive System 
Submaxi I lary gland: ( 
Subl insular gland: ( 

Stomach (non-gl andular port ion~ 
Stomach (glandular portion): 
Small intestine: 
Large intestine: ( N= 
Liver: ( 
Pancreas: ( Urinary System 
Kidney: 
Ur i nary b I adder : 

Genital System 

Uterus :                              ( 
~) Polyp/endometrial stromal polyp 

Vagina: 
~) Polyp 

Endocrine S~stem 
Pituitary: 

( N= 
~) ~terior adeno=a 

%yroid: ( 
Parathyroid: 
Adrenal: ( ~ervous System 

Cerebetl~: 
Brain s~em: 
Spinal cord(cervical): ( 
Spinal cord(thoracic) ( N 
Spinal cord(lumbar): (N= 
Sciatic nerve: ( N= 

Museulo-Skel etal System 
~ne (stern~) : 

/10) (10 10) (,Ol /10 10t [10) to) 

10 10 10 10 

10 I 10 1oi 
10 I 10 lOl 

lOl 
10 / I0 

10 lO/I o/l 
10 / 10 lOl )(lO 

)(101 /10 ioIII° io I lO ) IO) 
)(10) (10)(I0)(10) 

)(lo 
)(!oll1° 101 f10 lO/ 
/l lo) 

0      I      1 
)(10) (10) (10) (lO) 

0 0 i    0 

)(10) (10) (10)(10) 
1 1 3 1 

10 I 
10 
10 I 10 ) 10) 

) I0) (10) (10) (i0) 

10 10 10 10 
10 10 10 10 

)( 10 (10) (10 I0) 
)(IO) (10)(I0) (10) 

(N-): Number of animals examined microscopically at the site. 
Malignancy:    (B), benign neoplasa 

I0 
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Table 2~ - ~ 

(IET 94-0150) 

page 

Histopathology - Incidence of mieroscopie neoplastic lesions 
in female rats (Satellite group) 

Interim kill after 52 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 ~0000 

No. of animals examined 10 10 10 10 

Muscalo-Skeletai System ~eont. } 
Bone (femur) ~eont. } : 

(B) 0steoehondroma 
Bone(vertebra): 
Tibio-[emoral joint: 
Skeletal muscle (~triceps aurae): 

Sense Organs 
Eye: 
Harderian gland: 

Integumentary System 
Skin: 

Ma=a~ gland: gihroadenoma 

(N-)(IO) (10)(10) (!0) 
0      0      0      1 

10 10 10 10 
( ~- 10 10 10 10 

(lo) Ilo) (lo) 
(N=){10) (10) 10) (10) 

1      0     1     0 

No. of benign neoplasms 

No. of malignant neoplasms 

No. of benign & malignant neoplasms 

No. of animals with benign neoplasm(s) 2 2 4 2 

No. of animals with malignant neoplasm(s) 0 0 0 0 

No. of animals with neoplasm(s) 2 2 4 2 

(N=): Number of animals examined microscopically at the site. 
~alignancy:    ~B), benign neoplas~ 
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(lET 94-0150) 

page 1 - 154 

Histopathology - Incidence of microscopic neoplastic lesions 
in female rats (Satellite group} 

Interim kill after 78 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No. of animals examined    8 9 8      8 

Cardiovascular System 

Heart: 
Aorta= 

Hematopoietic & Lymphatic System 
Bone marrow (femur): 
Bone marrow (sternum) ~ 
Bone marrow(vertebra): 
Thymus: 
Lymph nodes (cervical): 
Lymph aodes(mesenteric): 
Spleen: 

Respiratory System 
Trachea= 
Lung; 

Digestive System 
Submaxillary gland: 
Sublingular gland: 
Esophagus: 
Stomach(non-glandular portion): 
Stomach (glandular portion): 
Small intestine: 
Large intestine: 
Liver: 
Pancreas: 

Urinary System 
Kidney: 
Urinary bladder: 

Genital System 
Ovary: 
Uterus: 

(M) Adenocareinoma 
Vagina: 

(B) Polyp 
Endocrine System 

Pituitary: 
(B) Anterior adenoma 

Thyroid: 

(B) C-cell adenoma 
Parathyroid: 
Adrenal: 

Nervous System 

Cerebra: 
Cerebellum: 
Brain stem: 
Spinal cord(cervical): 
Spinal cord(thoracic): 
Spinal cord (lumbar): 
Sciatic nerve: 

(No (8) ( 
(N= 

9) (s) (a) 

s) 

(N-)(8) (9) (8) (8) 
(N=)(8) (9) (8) (S) 

(~=)(8) (9) (8) (a) 

(N-)( 8 

0      1      0      0 
(~-)(8) (9) (8) (8) 

0 0 0 1 

(N-)(8) (9) (8) (8) 
6 5 4 7 

CN-)(8) (S) (8) (8) 
0 0 1 2 

(N=)( 8 

(~-)(s) (9) (8) (8) 
( N- ): Number of animals examined microscopically 

Malignancy: at the site. 
(~), benign neoplasm; (~0, malignant neopiss~ 
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Table 26 - 6 

(IET 94-0150) 

page I - 155 

8istopathology - Incidence of microscopic neoplastic lesions 
in female rats (Satellite group) 

Interim kill after 78 ~eeks of treatment 

Site & Lesion 
Dose ~pm) 0 3000 10000 30000 

Ho. of animals examined 8 9 8 8 
Musculo-SkeIeta[ System 

Bone (sternum):                   ~Z                     8 ) 

Tibio-femoral joint: (N=) (8) ( 9 8) Skeletal muscle (~triceps aurae): (H~)(8) ( 9) (8) (8) Sense Organs 

Auricle: (N=)(O) (O) (1) (O) 03) Papilloma - - 1 - 
Integumentary System 

Skin: (~-)(8) (9) (8) (8) 
03) Lipoma 0 1 0 0 

Mammary gland: (N-) (8) (9) (8) (8) ~l Adenoma 0 1 1 0 
Fibroadenoma 1- 3 2 0 

Od) Adenocarcinoma 1 1 0 0 

No. of benign neoplasms 7 10 9 10 

No. of malignant neoplasms 1 2 0 0 

No. of benign & malignant neoplasms 8 12 9 10 

No, of animals with benign neoplasm(s) ? 5 4 8 

No. of animals with malignant neoplasm(s) ! 2 0 0 

No. of animals with neoplasm(s) 7 6 4 8 

(N=): Number of animlls e~amined microscopically at the site. 
Malignancy:    03), benign neoplasm~ ~. malignant neoplas~ 
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Table 26 - ? 

94-0150) 

page 

Histopathology - Incidence of microscopic neoplastic lesions 
in female rats Wain group) 

Terminal kill after 104 weeks of treatment 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

No, of animals examined 15     ]9     16     14 

Cardiovascular System 
Heart: ( 
Aorta: ( 

Hematopoietie & Lymphatic System 
Bone marrow(femur)= ( 
Bone mar,ow(ste,num): 

Bone marrow(vertebra): 
Thymus: 
Lymph nodes(cervical): 
Lymph nodes (mesenter ic) : 
Spleen: 

Respiratory System 
Trachea: 
Lung: 

Digestive System 

Sublingular gland: 
Esophagus: 

Stomach(glandular portion): 
Small intestine: 

(8) Leiomyoma 
Large intestine: ( N= ) ( 

~ Malignant histiocytoma 
Liver:                            (N.)( 

(8) Hepatoeellular adenoma 
Pancreas: ( N= )( 

(8) Islet cell adenoma 
Urinary System 

Kidney: ( N- )( 
(8) Lipoaa 

Urinary bladder: ( N£ ) ( 
Genital System 

Ovary: ( )( ~l G ranulosa cell tumor 
Luteoma 

Uterus:                            ( N= )( 
(8) Polyp/endometrial stroaal polyp 
(8) Granular cell tumor 
(M) hdenoearcinoma 

Vagina: 
(N=)( Endocrine System 

Pituitary: 
( N= )( ~ A nterior adenoma 

Anterior adenoearcino=a 
Thyroid:                       ( ~= )( 

(8) Follicular adenoma 
(8) C-eel[ adenoma 

Parathyroid: 
Adrenal: ( 

141 

15 19 
15 19 
15 19 
15 19 
15 19 
15 
15    19 

16) 
16 
16 
16 
16 
16 
16 

(14) 

14 
14 
14 

114t 14 

15 

t5 

0 0 1 0 
lS) (19)(16) (1~) 
1 0 o 0 

t5) (19) (16) (14) 
I 1 0 0 

151 (19) (16) (141 
I 1 0 0 

15) (19) (lfi) (14) 
0      1      0      0 

15) (19) (16) (14) 

15) (19)(18) (14) 
1    0 0 0 
0      0      1      0 

1S) (19) (16) (14) 
3 3 1 2 
1 0 0 o 
I 0 0 0 

15) (19)(16) (14) 

15) (19)(16) (14) 
12 19 12 13 
I 0 0 0 

I5) (18) (I6) (14) 
0 0 1 0 
1 4 2 l 

15 19 ) 16 ( ~4 ) 
(N"): Number of animals examined microscopically at the site. 

Malignancy:    (8), benign neoplasm; 0~), malignant neoplas~ 
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Table 26 - 8 

(IET 94-0150) 

page l - 157 

Histopathology- Incidence of microscopic neoplastic lesions 
in female rats ~ain group) 

Terminal kill after 104 weeks oI treatment 

Site & Lesion 
Dose ~p~     0 3000 10000 30000 

No. of animals examined 15     19     16     14 

(~) Cortical adenoma         (N-) (t5) (19) (16) (14) 
0      0      1      0 

(B) Pheochromocytoma 1 0 2 1 Nervous System 
Cerebra: (N=) (15) (19) (16) { 14) ~ Malignant reticulosis 0 ! 0 0 Cerebel 

Sciatic nerve= ( N= ) ( 15 10 ~6 14 ~usculo-Skeletal Syste~ 
~ne (stern~) : 

~ne(vertebr~): (N-) (15) (19) (16) ( 14} 
~) Chordoma t 0 0 0 

~ne(others): (N= ) ( 4 ) ( 1 } (O) ( 1 ) 
~) Osteochondroms 2 0     - 1 

Skeletal muscle (~triceps aurae): (N=) (15) (19) ( 16 
14) Sense Organs 

Eye: 

[nteg~entary System 
Skin:                    (~’)CIs} (IS)C16)(14) 

~) Papilloma 0 0 1 0 
~) Fibroms 2 2 0 1 ~) Lipoma 2 0 I 0 Ma~arygland: (N=3(15) (19) { 16) (!4) 

~ Adenoma 0 1 0 0 F£brosdenoma 10 ~3 12 I0 
Adenocarc i noma 2 2 5 1 ~dy Cavities 

Abdominal cavity: (N=)(l) (O) (1) (O) ~ Lipoma 0 - 1 - Malignant schwsnnoma 1 - 0 - 
No. of benign neoplasms 38 45 36 29 

No. of malignant neoplasms 6 3 5 1 

No. of benign & malignant neoplasms 44 48 41 30 

No. of animals with benign neoplasm(s) 
15 I9 t5 14 

No, of animals with malignant neoplasm(s) 
4 3 5 1 

No. of animals with neoplasm{s) 15 19 15 14 
(N=): Number of animals examined microscopically at the site. Malignancy:    ~), benign neopiasm; (M). malignant neoplasm 
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Table 26 - 9 

(IET 94-0150) 

page I - 158 

Histopathology- Incidence of eicroscopic neoplastic lesions 
in female rats ~ain group) 

Killed in extremis or found dead 

Site & Lesion 
Dose ~pm)     0 3000 10000 30000 

Ro. of animals examined 35 31     34     36 

General Organs 
go Systemic histioeytic sarcoma 

Cardiovascular System 
Heart:                             (N=) ( 

(B) Schwannoma 

Aorta: ( N= ) ( 
Hematopoietic & Lymphatic System 

General: ( N= )( 
go Malignant 

Bone marro, (femur) : 
Bone marro. (sternu~) : 

Thymus: 

L~ph nodes tmesenteri~): 
Spleen: (H=) 

Respiratory System 
Nasal cavity: 

go Squamous cell carcinoma 
Traehea~ 

l N~ )( 
Lung: N= ) ( Digestive System 
Submaxillary gland: ( 
Sublingular gland: 
Esophagus: ( ~. ( 
Stomach(non-glandular portion): ( 

$mll intestine: 
Large intestine: 
Liver: ( 
Pancreas: ( N- )( 

0i) Islet cell adenoza 
(~ Islet cell carcinoma 

~rinary System 
Kidney:                         (N~)( 

gO Transitional cell carcinoma 
Urinary bladder: ( 8~ )( 

(B) Papilloma 
Genital System 

Ovary= ( N= )( 

(~ 
Polyp/endometria! stromal polyp 
Salignant schwanno=a 
<Sass not in section > 

Vagina:                           ( N- )( 

(~ 
Polyp 
Leiom¥osarcoma 

~litoral gland: 
~ Squamous cell carcinoma 

0    0 

35) (3z) (34) (36) 
0 0 0 1 

35) (3~) (34) (36) 

1 

31 

31 
30 ( 

35 ) 

35 

85 
85 
35 
35) ( 

34) 
1 2 

34) (36) 

2) (0) (3) (~) 
1 - 0 0 

a5 

~6 ) 

351 
35 ) 
35 
35 
35 
35 
35 
35 ( 

2 
0 

31) 
31 

30 
30 

31 

1 

32 ( 36 ) 

34 ~6 ) 

36 
34 ~6 ) 
34 (~) 

1 1 
0 0 

35) (31) (~) (36) 
1      0      0      0 
~) (~)(34) (~B) 
0    i    0    0 

35 

3~ ) 1 34 36 
1 4 0 2 
0 0 0 1 
1 0 0 0 

35) (31) (34) (36) 
1 0 0 0 
0 0 0 1 
~) (O) (0) (O) 

(N-): Nmaber of animals examined microscopically at the site. 
Malignancy:    ~), benign neoplasm: 0~, malignant neoplas~ 
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Table 

(IET 

page 1 - 159 

Histopathology- Incidence of microscopic neoplastic Iesions 
in female rats ~ain group) 

Killed in extremis or found dead 

Site & Lesion 
Dose ~pa) 0 3000 10000 30000 

~o, of animals examined 35 31 34     36 

Eadoer iae System 

(13) Anterior adenoma 34 29 28 

~ Follicular adenom~ 0 2 0 0 C-~el 1 adenoma 3 3 5 l 

Adrenal: (N-)(35) (31) (~) (36) 

~ Cortical adenoma 0 1 0 0 Gsngl ioneuroma 0 ~ 0 0 
Pheoehr~oe~toma 1 0 0 0 Nervous 

Cerebra: (~=) (35) (M) (33) (36) ~ ~eningioma 0 1 0 0 ~al ignant cetieulosis 1 0 0 0 

~) ~ranular cell t~or 0 0 1 0 

Spinal cord(cervicgl): ( N= 
31 

~) 0~teochondroma 0 0 0 2 Tibio-femoeai joint: (~=) (S~) ( ~1 ) (~) (3~) 
Skeletal ~u~cle (mtriceps ~urae): (Nffi) (35) (31) (34) (g6) Sense Organs 

33 36 

~) ~i~ro~ 1 0 
Iateg~eatar~ 

Skin: (N’)(35) (31)1~) 

~ Pa, illoma 0 1 0 0 
Keratoacanthoma 0 0 0 1 

L i po~a 2 0 2 0 
< Mass not in ~ectiOa > 0 0 ~ 0 

Ma.a~y gland: (N-)(35) (31) (~4) (86) ~} Adenoma 1 0 0 0 
Fibroadeaoma 13 14 12 20 

~ Adenocarcinoaa 8 ~ 6 

( ~= ): ~umber of animals examined microscopically at the site. 
Malignancy:    (B), heaign neoplasm; ~, malignant neoplas~ 

238 
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Table 26- I1 

(IET 94-0150) 

page 1 - 160 

Histopathology- Incidence of microscopic neoplastic lesions 
in female rats ~ain group) 

Killed in extremis or found dead 

Site & Lesion 
Dose ~p~ 0 3000 10000 80000 

No. of animals examined 35 31 34 36 

No. of benign neoplasms 61 59 51 62 

No. of malignant neoplasms 14 ? 7 11 

No, of benign & malignant neoplasms 75 66 58 73 
No. of animals with benign neoplasm(s) ~ 29 31 35 

No. of animals with malignant neoplasm(s) 12 7 7 11 

No. of animals with neoplasm(s) 34 31 31 36 
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Table 26 - 12 

(IET 94-0150) 

page 1 - 161 

Histopathology - Incidence of microscopic neoplastic lesions 
in female rats ~ain and satellite groups) 

animals examined 

Site & Lesion 
Dose ~pm) 0 3000 10000 50000 

No. of animals examined 78 79 78 78 
General Organs 

(M) Systemic histiocytic sarcoma 1 0 Cardiovaseular System 
~eart: (N-)(78) (79) 

~) Schwannoma 0 0 

~e=~topoietic & Lymphatic 
Ge.er=l:                       (~=)(~) (79) 

~ ~ali~naat l~pho=a 1 1 

~ne =arro~ (sternum) : 78 79 
~ne =arrow (vertebra) : 
~us : ~ 

78 79 
78 79 

: 78 79 
Spleen: ( N= ) ( 78 78 ) Respiratory System 
Nasa] cavity: (N=) ( 2 ) ( 0 ) 

~ Squaaous cell carcinoma 1 - 
Trachea: 

Bigestive ~yste~ 
Submaxillary gland: (N-) (78) (79) 

Esophagus: ( R- 78 79 
Stomach(non-glandular portion) : ( 
Stomach ~landular poction) : 
Small intestine: (N=) (78) ( 79 

Large intestine: (N=) (78) ( 79 ) 
~ Malignant histioevtoma 1 0 

Liver: (N~) (78) (79) 
~) Hepatoeellular adenoma 1 1 

Pancreas: (R=) (Tg) (79) 
~) Islet cell adenoma 3 2 
~ Islet cel! carcinoma 0 1 

Dr inary System 
Kidney: (N=) (78) (79) 

~) Lipoma 0 1 
~ Transitioaal cell carcinoma 1 0 Urinary bladder: 
~) Papi 1 loma 0 1 

Genital 3~stem 

Luteoma 0 0 
Uterus: (N-)(78) (79) 

@ Polyp/endoaetriai stroml polyp 5 8 

~ hdeaoea~c inoaa 1 

( N- ): Number of animals examined microscopically at the site, 
Malignancy:    (B), benign neoplasm; (M), malignant neoplas~ 

1 

76 
78 

s)( 
0 

76) ( 

78) ( 
7s) ( 
I 

7S) ( 
0 

?s) ( 
o 

78) ( 
I 
0 

0 
0 

~8) ( 
0 

i) 

?8 ) 

0 

0 

0 

I 
0 

?8 ) 
0 
0 

0 

1 0 
78) (78) 

2 5 
0 0 
0 0 

2,10 
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Table 26 - 13 

(IET 94-0150) 

page 1 - 162 

Histopatho]ogy- Incidence of microscopic neoplastic lesions 
in female rats ~ain and satellite groups) 

All animals examined 

Site & Lesion 
Dose ~p~     0 3000 I0000 30000 

No. of animals examined 78     79     78     ?8 

Genital System~eont.} 
Uterus ~cont. ~ : 

~ Malignant schwannoma 
< Mass not in section > 

Vagina: 

(~ 
Polyp 
Leiomyosarcoma 

Clitoral gland: 
(M) Squa=ous cell eareino=a 

Endocrine System 
Pituitary: 

(B) Anterior adenoma 
~ Anterior adenoeareinoma 

Thyroid: 
OB) Follicular adenoma 
(B) C-eel[ adeno=a 

Parathyroid: 
Adrenal: 

~I Cortical adenoma 
Ganglioneuroma 
Phcoehromocytoma 

Nervous System 
Cerebrum: 

(~ Meningioma 
Malignant retieulosis 

Cerebellum: 
(B) Granular cell tumor 

Spinal cord(cervical): 
~pina{ cord(thoracic) 
Spina{ cord({~bar): 
Sciatic nerve: 

Husculo-Skeleta] System 

~ne (stern~) : 
~ae (femur) : 

~) Os~eoohond~oma 
~ne(vertebra): 

~) Chordoma 
~ne(others): 

~) Osteoohondroma 
Tibio-[emoral ioint: 
Skeletal muscle (~ ~ricep~ aurae): 

Sense Organs 
~ye: 
Harderian gland: 

Auricle: 
~) Papilloma 
~) Fihroma 

(N- 

(~= 

(N- 

(N= 

(N~ 

N- 
(N- 

0 0 0 
I 0    0 

)(78) (79)(78) 
I 0    I 
0 0    0 

)(I) (O) (O) 

)(78) (79) (77) (78) 
54 54 47 52 

1     0     0     0 
)(78) (78) (76) (78) 

0 2 ] 0 
4 7 8 4 

0 I I 0 
0 I 0 0 
2 0 2 I 

)(78) (79) 
0 1 
t 1 

)(78) (79) 
0 0 

78 79 
78 79 

79 

0    0 
)(78) (79) 

1 0 
)(6) 3) 

2 0 

) ( 7~ ) ?9 1 ) ( 78 ) 79 

0 0 
0 0 

(77) (78) 
1    0 

78 78 

¢8 ) 

0 

0 
(2) 

0 
78) 
78 ) 

I 78) 
78 ) 

0 
(~) 

(~8) 

)(7811?9 78 ) 
3)( 2 

0 0    l    0 
I 0      0      0 

( N= ): Number of animals examined microscopically at the site, 
Malignancy:    ~), benign neoplasm; ~), malignant neoplas~ 
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Table 26 - 14 

94-0150) 

page I - 163 

Histopathology- Incidence of microscopic neoplastic lesions 
in female rats ~ain and satellite groups) 

All animals examined 

Site & Lesion 
Dose ~pm) 0 3000 10000 30000 

No. of animals examined 78 79     78     78 

Integumentary System 

Skin: (TO) (78) (78) 
~) Papilloma 0 1 1 0 
~) Keratoaeanthoma 0 0 0 1 ~I Fibroma 4 3 2 4 Lipoma 4 I 3 0 < Mass not in section > 0 0 3 0 

kdenoma l 2 1 0 Fibroadenoma 25 30 27 30 Adenocarcinoma 11 8 11 8 Body Cavities 

kbdo=ina] cavity:                (N=)(1) (2) (1) ( 0 Lipoma 0 0 1 - Malignant schwannoma 1 0 0 - 

No. o[ benign neoplasms II0 116 102 104 
No. of malignant neoplasms 21 12 12 12 

No, of benign & malignant neoplasms 131 128 114 116 

No. of animals with benign neoplasm(s) 
60 55 54 59 

No. of animals with malignant neoplasm(s) 
17 !2 12 12 

No, of animals with neoptasm(s) 60 58 54 60 
( N= ): Number of animals examined microscopically at 

the site. Malignancy:    0~), benign neoplasm; (M), malignant neoplas~ 
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Pestycydy, 2.000, (3-4), 11-20. 
ISSN 0208-8703 

Glyphosate 
Evaluation of chronic activity and possible far - reaching effects 

Part 1. Studies on chronic toxicity’) 

[Ka-ystyna CHRU~CIELSKA [1, Jacek BRZEZII~SK!2, Kazimierz KITA~, 
Dorota KALHORN’, Izabela KITA3, Barbara GRAFFSTEIN’ 

and Piotr KORZENIOWSKI’ 

tlnstitute of Industrial Organic Chemistry, 6 Annopol Str., 
03-236 Warszawa 

2Chaii and Department of Toxicology, Medical Academy in Warsaw, 
1 Banacha SO’., 02-097 Warszawa 

3Institute of lndustri.at Organic Chemistry, Department at Pszczyna 

Abstract: The combined test of chronic toxicity and carcinogerdcity of glyphosate 
was performed on Wistar-RIZ rats. The herbicide was administered in water at 
eoneenlxations: 0, 300, 900, 2700 mg/L. The ex~tmination of the peripheral blood 
parameters and the smears of bone marrow did not reveal harmful effect of the 

herbieide on haematopoietie system of mrs. The biochemical parameters determined 
in blood and urine only i’n some eases showed significant deviations in comparison 
with the con~xol group, but in any examined iadices dose-effect-time occurred 
what could manifest the toxic influence of glyphosate. In pathomorphological 
studies on the organs no correlation was stated between the number of observed 
tumours and the concentrations of the herbicide, It indicates lack of pathogenic 

influenoe of glyphosate on neoplastic pathogene.sis. 

Key words: chronic toxicity, carcinogenicity, rats 

The study was performed with financial support of KBN and Zakdady Chemiczne Organika 
"Azot" at Jaworzno. 
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INTRODUCTION 

Olyphosate (N-phosphonomethyl gly¢ine) of the formula 

HOOC-C H3-NH-C H2~(OH)2 
is the non - selective, broad spectrum postemergence herbieicle of systemic 

activity. It is applied to control weeds in the form of" isopropylamine salt [ 1 ]. 

Acute toxicity of glyphosate to laboratory animals at different routes of exposure 

is relativety low and amounts as follows: 
LDso/~,r os for rats > 5600 mg/kg b.w. 

LDso inhalation > I2.2 mg/l air 
LDsoper os for mouse 1100 mgikg b.w. 

LD~o dermal for rabbit > 5000 mg/kg b.w. 
In chronic studies on rats and dogs ineffective concentration oft.he herbicide 

in diet amounted to 300 mg/kg [2]. 

Some quantity of"impurities are being formed during industrial production of 
biologically active ingredients. Their presence can considerably fluctuate de- 
pending on applied technology [3,4]. Such impurities can affect toxicological prop- 
erties of the final product. Therefore biologically active ingredients produced 
after technologies elaborated in this country are under evaluation of health haz- 
ard risk of chronic exposure and far-reaching effects understood as mutagenic 
and cancerogenic responses and neurotoxic effects distm’bing reproduction proc- 
eases and inducing innate malformation of descendants. 

The technology of glyphosate production was elaborated at the Imtimte of 
Industrial Organic Chemistry (patent No 150424) [5], and will be implemented at 
one domestic chemical works manufacturing pesticides. The range of under- 
taken studies to determine hazards of exposures to glyphosate comprised studies 
on chronic toxicity, carcinogenesis, genotoxicity, embriotoxicity and teratog~.icity. 

The objective of the research is evaluation of far-re.aching effects of chronic 
exposure and cancerogenic risk assessment of given glyphosate herbicide. 

MATERIALS AND METHODS 

Ammonium salt of glyphosate 13.85% solution was used in the studies. The 
combined test of chronic toxicity and carcinogenicity (OECD No 453 [6]) has 
been carried out in rats 5-6 weeks old Wistar -RIZ outbred herd fi’om the rear- 
ing at the Pharmaceutic/nstimte in Warsaw. After one week the laboratory 
animals were randomiy divided into four groups. Each group composed of 170 
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Glyphosete. Part 1, Studies on chronic ~oxicit’y 13 

aztimals (85 maJe and 85 female). Rats were kept in metal cages (males) and 
plastic cages (females). The comparmaent was well ventilated, temperature 
amounted to 22 °C and lighting was automatically regulated at 12 h cycle. Joiner 
shavings sterilized by UV radiation were used as bedding material. Rats were 
fed with standard granulated fodder Murigram from Re rai!! at Motycz. 

The examined fon’aulation was administeveA tO ratS in aqueous solutions: 

group 1 - 300 mg/L (ppm), 
group 2- 900 mg/L (ppm), 
group 3 - 2700 mg/L (ppm). 
During the whole 2 year period of experimentation animals were under in- 

spvaion of the veterinary surgeon and animals general appearance and ~havior 
we~ being observed. Increase of body weight, consumption of fodder and wa- 
ter, and mortality of ratS were rcgistece~l. 

After 6, 12 I8 and 24 months of poisoning the following investigations were 
carried out: 
~ hemato!ogical examination of peripheral blood: 

¯ hemoglobin, erythrocytcs, leucocytes- de~-mined by hematological analyse.r 
(Baker Instruments 150); 

¯ hematoorit - determined in Union cen~ifuge f~r separating blood cells; 
¯ hemograrn - blood smear stained by Pappenheim method and evaluated in 

light microscope; 
¯ thrombocy~- were ¢ountvcl microscopically in Biirker chamber after Dan¢i 

in Rees in Eck~r solution; 
¯ teticulocytes - were coanted in preparations stained with brilliant oresyl 

blue; 
~ examination of haematopoietic system (after 24 months): 

¯ myelogram- was stained by May-Gn~nwald and Giemzy method and evalu- 
ated in light microscope Axiolab. 

Blood for examination was taken from retrobulbar venous plexus in slight ether 
narcosis. 
Bone marrow was uptaken from femoral bone: 
~ serum biochemisa-y analysis for: total protein, urea, glucose, fr~ cholesterol, 

electrolytes: calcium, sodium, potassium, inorganic phosphor, alkaline phos- 
phatase activity, alanine/asparagine aminotranspherase activity (ALAT/ 
AspAT), gama glutamyl transpeptidase GGT). 
Bio~he.~Lical and enzymatic parameters were determined in clinical analysers 
(Synchrom 4) after 6 and 12 months and in 700 type after 18 and 24 month of 
experimentation (B~ckcnan f’L,’m with usage of the faro reagents). 
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=~ biochemical examination ofurine: total protein, glucose, urobflinogen, bilirubin, 
ketones, nitrites and blood. 
Analyses were performed using dry tests "Muttistix" of Ames firm. To obtain 
urine, rats wer~ kept 18 hours in glass cages of"Sime~_" type. 

=~ pathomorphological examinations were performed in all animals died during 
whole period of experimentation and in killed animals afar !2 and 24 months 
(10 males and 10 females from each level of dosage), and in all animals, 
which survived 2 years period of intoxication. Postmortem nu~c~pic ex- 
amination of the organs of rats were conducted after 6 and i 8 months of 
experimentations. 
During autopsy of rats aRer 12 and 24 monlla of poisoning the following organs 
were weighed: bra~ heart~ lungs, liver, spleen, kidneys, adrenals, testis/ovaries. 
Above mentioned organs and thyroid, bladder, stomach, small and large intes- 
tines, rectum and oesophagus were subjected microscopic examination. Slides 
were prepared by paraffin technique ai~r fixation in 10% solution of forma, 
lin. Hematoxylin and eosin stain. 

Non-parametric Kmskal-Wallis statistical method was used. 

RESULTS 

No differences in appearance and behavior between poisoned with glyphosate 
animals at 30.0, 900 and 2700 ppm dosage and control animals were being ob- 
sez’ved during 24 months ofexperimentation. 

Non-significant diffca~nc~ in mean rat body mass in successive monthly ob- 
servations and at the end of experiment betwemn in~oxicatext and control animals 
were no~:l. 

During the ¢xlxximent period 208 rats died (108 males and 100 females), 240 ani. 
reals w~ ~ at~,6,12 and 18 months (in aczordan~ with e~iment stiP- 
ule) and 232 rats survived up to the end of the expeaiment (I 12 males and 120 females). 

Lack of significance between general number of died animals from experi- 
mental and control groups at all Iev¢ls of dosage was shown by the analysis of 
mortality dism’bmion in 24 months lmriod ofrats intoxication by glyphosat~. This 
distribution expressed by percentage index for increasing herbicide concentra- 
tion in water amounted to: 

¯ 42 (K), 42. 54 and 44% (males), 
¯ 3S (K), aS. S3 and 6O% 
The index was calculated fi’om 55 rats in the group e.i. number of animals 

which were planned to remain in the otpefiment for 24 months. This assumption 
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Glypho~ P~m I, Studies on chrome toxicity 15 

adopted sharpens criteria of the experiment in comparison with percent of initial 
number of animals used for examination (85 rats), but it is more p~ecise. 

No significant differences’in fodder consumption between rats from experi- 
mental and control group occurred during 24 months of intoxication. 

The mean values of hematological parameters examined after 6, 12 18 and 
24 months of rats intoxication by glyphosate at all levels of the dosage were 
approximate to control values. Dose- offect relationship did not occur and then’e- 
fore single significant deviations should be recognized as accidental and not con- 
notated with �oxic influence of the herbicide. 

No changes in percent composition of individual kinds of white blood cells 
(neutrophilic and eosinophilic granulocytes, monocytes and lymphocy¢es) were 
shown in morphoiogical evaluation of peripheral blood smears (leucogram~) per- 
formed in male and female poisoned rats a.O.er 6, 12,18 and 24 months compari- 
son with control animals. 

After 24 months, in rats exposed to the highest glyphosate dose, no significant 
qualitative or quantitative changes in nucleated marrow cells, reticular.cells, and 
lymphatic cells were found in the myelogram, in comparison to the controls. 
Flormoblastic red blood cells constituted mostly polychromatophific erythrooytes. 
The percent ofnormoblasts and basophilic was at equal level. In total, the mean 
value in control males was I8.55% and females 22.53%, whereas in ixeated rats 
it amounted to 20,76 in males and to 18.78 in females. In humans, 10-30% ofred 
blood cells is considered to be within the normal range. 

Granulocytes consisted mostly ofneatrophilic divided elements, rod neutrophils, 
neutrophilic metamyelocytes and neutrophilic myelocytes, both in Ur.ated and 
control groups. The percent in total granulocyms in nucleated bone narrow cells 
was 68.61% in control males, and 62.56°,4 in control female. In treated groups, it 
was 62.72% in male rats, and 65.% 43 in female rats. For humans, in normal 
myelograrn, leucocytes (granulocytes) arao-ant to 62-77%. 

Whitebtood cells toredblood cells ration in oomrol feamle rals was 2.78:1,intreauxl 
female rats 3.90:1, whereas in control males 3.70:1, and in treated males 3.02:1 

The lymphatic system consisted of mature lymph cells. The percentage of 
these cells in the myelogram of treated rats was comparable to the control, and 
was within the normal range (3-12%). The percentage value of regular 
plasmacy~es in control treated rats was almost equal, but slightly decreased when 
compared to the normal value for human marrow cells (1.5-6%). 

The results of peripheral blood parameters and bone marrow smear exami- 
nation led to the conclusion that glyphosate does not induce pathological changes 
in the haematopoietic system in rats exposed to 300, 900 and 2700 ppm for 
24 mon~s. 
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Serum profile of treated rats only in a few cases revealed significant changes 
in biochemical pavameu~rs as compared to the control; however, no incidence of 
dose-response-time relationship indicating the effect of herbicide on any of the 
parameters was seen. 

Decreas~ of urea and creatine leve|s wer~ observed in females after 6 months. 
Deviations in elec~’olyte, s: incrust of sodium ions was noted in females after 12 
months. Inereas¢ of potassium ions, and decrease of calcium ions was deter- 
mined in females, and at the highest dosage level decrease of U-igiycerides in 
females was observed. In males after 18 and 24 months of intoxication the val- 
ues of examined biochemical and enzymatic parameters in experimental groups 
did not ~ffer significantly in comparison with control gronp. 

The biochemical parameters of urine such as glucose, ketones, bilirubin, 
and urobilinogen in intoxicated and control rats did not show deviations from 
the standards. Protein and blood were at the same level in poisoned and 
control rats. 

The macroscppic changes of the organs of animals were evaluated in 20 rats 
(10 males and 10 females) from each level of dosage, sacrified in accordance 
with experimental schedule aRer 6, 12 18 and 24 months. 

No anatomomorphological changes were determined in postmortem exami- 
nation after 6 months. After 12 and 18 months those changes regarded individual 
animals. Interstitial and purulent lungs inflammation in old animals (afar 24 months) 
were mainly determined, both in intoxicated and control rats. 

In microscopic examinations many pathomorphologicat changes of circula- 
lory disturbances of retrogressive progressing inflammatory and neoplastic char- 
acter were determined. 

Congestion, ~rrhagia, hemorrhages, and swellings should b~ cited among 
circulatory disturbances. Retrogressive changes occurred mainly in the 
pareachymatous organs. The adipose degeneration of liver and its cells bionecrosis 
and gangrene were found. The adipose degeneration of adrenal cortex cells and 
hyaline renal cylinder casts were detected. The progressive changes were 
tected mainly in the form ofBrawi~r-Kupff~r ceBs growth in fiver and hyperpia- 
sia of its biliary canaliculus. The inflammatory changes were detected mainly in 
lungs. The suppurative pneumonia and purulent inflammation of bronchi were 
stated in 168 rats (39.4%). Those inflammations occm’red in 49% of the control 
group, and in intoxicated groups respectively: 32A% in group 1, 55.1% in group 
2, and 41.5 in group 3. It should be underlined that pathological states of the 
respiratory system of laboratory rats are typical and their intensification depends 
on animals origin and environmental conditions amounting even to 90% (fre- 
quently ending of animals death). 
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Glyphosaz¢. Part 1. Studies on chronic toxicity 17 

Neoplastic changes were stated in 127 rats. Within this number 36 were control 
animals, 3i rats from group I, 26 from group 2, and 34 rats from group 3.Localiza- 
tion kind, and frequency of neoplasm occurrence are shown in tables 1 and 2. 

Neoplastic proifferation was obselved in ltm[~ spleen, kidneys, pituitary glands, 
thyroid, thymus, adrenal glands, mammary gland, subcutaneous tissue, skin, tes- 
tes, prostate, uterus, and meseateric lymph nodes. 

in the total number of these neopIasma, 25 were classified as malignant (6 in 
¢ontrol group, 6 in group 1, 5 in group 2 and 8 in group 3) (Fig. l). Lack of 
correlation between number of neoplasms and values of herbicide concentration 
applied was stated. It indicates lack of phatogenic influence of glyphosate on 
neopLastic pathogenesis. 

Table 1. Localization, kind and frequency of neoplasms occurrence in mate 
rats chroaicall 

Thyroid 

exposed to glyphosate 

I~nd of neoplasm 

Adenocarcicioma 

H-~ maUgnum 
Leucemia 0 

Adenoma 4 

Carcinoma 0 

Adenoma 1 

Caminoma 0 

Adenoma 1 

Lymphoma - 

F’~brorna 0 

Carcinoma 2 

0    1 2 

2 2 1 

1 

3 

3 

2 0 

- 

5 2 0 

0 1 1 

0 1 0 

1 0 3 

1 0 0 

Z 1 0 

2 

3 6 

1 1 3 

0 0 1 

Subcutaneous tissue 

Lymph nodes 

Skin 

Prostate 
12 I7" i4 16 
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Table 2. 
rats chronically exposed to glyphosate 
Localization, kind and fr~luency ofneoplasras occurrence in f~nale 

F.zamine d organ 

Uterus- 

’Subcutaneous tissue 

Group 
Kind of neoplasm    0     1     2     3 

Histioc~ma                              1 

Adenoma 10 6 8 3 
Adenoma mah~mum 1 3 2 5 

Adenoma 1 2 0 3 
Adenoma 2 2 2 2 

C.~.inoma 0 0 0 1 

~ 0 0 1 0 

~r~bro~de~,toma 3 2 " 3 3 

~roma 1 2 

Lymphoma 1 1 

2~ 18 17 21 

Lymph nodes 
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GIyphosate, Part I. Studies on chronic toxicity 19 

25 

Fig. 1. 

2O 

uoo ppm 

~00 ppm 

300 ppm 

0 

female male 

turnouts malignant turnouts 
Total number of turnouts and malignant turnouts during chronic expo- 
sure to glyphosat. 
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i P. Korzeniowski 

Glifosat 
Ocena dzialania przewleldego i mo~Jiwych skutk6w odleglych 

Cz.l. Badanie toksyczno~ci chronicznej 

Celem pracy byla ocena odlegtych naste~pstw przewleklego nara~enia 
z oszacowaniem ryzyka kancerogennego oddzialywarfia glifosatu. 

Kombinowany test toksyc~no~ci przowleldej i rakotw6rczo~ci wykonano na 
szczu.rach stada Wistag-RIZ. Preparat podawano w wodzie w st~.eniach: 
0; 300; 900 i 2700 mg/L. Badania paramelrbw krwi obwodowej i rozmazu szpiku 

kostnego hie wykazaty szkodliwego wplywu zwi~7.ku)na uidad kIwiotw6rczy 
szczur6w. Wskaimiki biochemiczae oznaczone w suro,Cvicy krwi i moczu tylko w 
nidicznych przypadkach wykag3rwaly istotne oclchy)~nia w por6wnaniu z grup ~g 
kontroln~ a~e w ~adaym z badanych ws~6w nieJw.yst~pila wyra~a zale~o.~ 
dawka-efe~-czas co ~wiadczyloby o toksycznym oddziab~vania glifosatu na 
badany parametr. 

W badaniach patomorfologicznych nar~dbw hie stwierdzono korelacji 
pomiL:dzy [iczbg obserwowanych nowotwor6w, a wielko~i~t stosowanych 
Wskazuje to na brak wplywu glifosatu na rozw6j choroby nowotworowej. 
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Table 17 C 

A Chronic Feeding Study 
of Glyphosate (ROUNDUP® Technical) in Mice 

Pathol ogy Report 

Summary-Incidence of Neoplastic Findings - Male Mice 
Total - Male Mice 
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Table 18 C 

A Chronic Feeding Study 
of Glyphosate (ROUNDUP® Technical) in Mice 

Pathol ogy Report 

Summary-Incidence of Neoplastic Findings - Female Mice 
Total - Female Mice 
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Table 20 - I 

(lET 94-0151) 

page ] - 68 

ffistopathoiogy - Incidence of microseoplc neoplastic lesions 
in male .dee 

Terminal kil} alter 78 weeks of treatment 

Site & Lesion 
Dose ~p"0     0 1B00 8000 40000 

No. o[ animals examined 26 34 27     29 

ffematopoietic & Lymphatic System 
~enera~: 

~9 Malignant lymphoma 
Respiratory System 

Lung; 

~I Adenoma Adenoearcinoma 
9igestive System 

Liver: 

~ 
g epatoeellulac ade,~oma 
[Iemangioma 
[[epatoeelIular carcinoma 

Urinary System 

Kidne~i Adenoma 
Urinary bladder: 

~) Transitional cell papilloma 
Genital System 

Testis: 
(B) Interstitial cell tumor 

Endocrine System 
Thyroid: 

(B) Follicular adenoma 
~ervous System 

~) LipOtlla 
~useulo-Skeletal System 

Bone ~thers) ; 
~) Osteoma 

Sense Organs 
ltarderian gland: 

(B) Sdenoma 
Integumentar~ System 

Skin: 

~ Papilloma 
ffemangiosarcoma 

(N=)(26) (34) (27) (29 
0      0      0      2 

(N=)(26) (34) (27) C29 
5 13 I0 7 
0 0 4 1 

0 

0 
(N=)(~6 

0 

(N=)(26 
0 

(~=)(2~ 

0 

C~=)(3) 
0 

26) (34) (27) (29 
8 I3 9 5 

0 0 0 
0 2 0 

) 

) 

I 
0 

(3,t) (27)(29) 
I    0    0 

(34) (2?) 
!    0    0 

(34) (27) 
1 0 0 

(1) (4) (I) 
0    I    0 

(3&) (27)(2~) 
4 0    2 

(3~) (27) 
I 0    0 
0 0 

No. of be,~gn neoplasn,s l? 36 20 16 

No. of malignant neoplasms 0 0 B 4 

l~o. of benign a mal ignant neoplasms 17 3B 2~ 20 

~o. of animals with benign neoplasm(s) 13 25 17 14 

No. el animals with malignant neoplasm(s) 0 O 6 4 

~o. of animals with neoplasm(s) 13 25 20 15 

( N- ) : Number of animals examined microscopically at the site. 
Malignancy:    ~), benign neoplasm: (1~. malignant neoplamr~ 
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Table 20 ~ 2 

94-0151) 

page 1 - 69 

tlistopatho!ogy- Incidence of microscopic neoplastic lesions 
in ,.ale ~ice 

Killed in extremis or found dead 

Site & Losion 
Dose (pp"0     0 1600 8000 40000 

No. of animals examined 24 16 23     21 

Hematopo i e t i c & Lympha t i c System 
General: 

dO ~lalignant lylltpho|aa 
Lymph nodes (mesenterie) 

~0 gal ignant lympho,ta 
Spleen: 

R 
(~_ Histioeytie sarco~ 

esp iratory 
N~sal cavity: 

~0 Menocareinotl|a 
Lung: 

~ A denoma 
Menoearcino.~a 

Digestive 
Small intestine: 

~) Papillary adenoma 
O~ Meaocareinomg 

Liver: 

t 

[[epatocellular adenoum 
[[istioeytie sarcoma 
[[epatocellular carcinoma 

~enital System 
Testis: 

03) He|aangioma 
Endocrine System 

Thyroid: 
03) Follicular adenonm 

Adrenal: 
03) Benign B cell tumor 

~usculo-Skeletal 
Bone (others) : 

03) Osteoma 
(g) 0steosarcoma 

Sense Organs 
~arderian gland: 

03) Adenon~a 
|ntegu|nentary Systen| 

Skin: 

~ 
l [e])mngiosaccoma 
Le i on,yos ar eot.a 
Os ~eosarcoma 

(~ ( 

(~=)( 

2~) (~6) (23) (21) 
2    2    0    4 

~) (~)(~)(2~) 
0      1      0 

24) (16)(23) (21) 
1      0      0      0 

o) (o) (o) (~) 

24) (!6) (23) (21) 
3 1 3 4 
1 1 2 3 

0 1 0 0 
0 0 0 1 

(i%)(24) (16)(23) (21) 
6 2 6 2 
1 0 0 0 
0 1 1 1 

I 0 0 0 

(N=)(24) (1~) (23) (21) 
0    1    o    0 

(N-)(24) (16) (23) 
0 1 0 0 

(~-)(6) (1) (2) (1) 
1 0 0 0 
0 0 1 0 

(10) (23)(21) 
0 1 1 

(N~)(2,~) (i~) (2s)(21) 
0 0 0 1 
0 0 1 
0 0 0 1 

(~"): Number of ani~.als exa~nined microscopically at the site. 
lqal ignancy:    03), benign neoplasm; (~O, ,ualignant neoplasm, 
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Table 20 - 3 

(IET 94-0151) 

page 

Histopatbo[ogy - Incidenee o[ l~dcroscopic neoplastic lesions 
in ,~ale mice 

Killed in extre~tis or [ound dead 

Site & Lesion 
Oose (pp|~0 0 1600 8000 40000 

No. o[ aniulals exa,dned 24 I6 23 2! 

No. o[ benign neoplas~s 12 6 I0 7 

No. o[ malignant neoplasms 
5 5 5 13 

No. o[ benign & ,|alignant neoplasms 1~ 11 15 20 

]~o. of ani,l,als with benign neoplasm(s) 10 ~; 8 6 

No. oil animals with mall,;nan(neoplasm(s) 5 5 5 12 

No. of animals ~ith neoplasms(s) 12 9 10 15 
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Table 20 - 4 

(IET $4--0151) 

page 1 - 71 

[[istopatho!ogy - Incidence of microscopic neoplastic lesions 
in male ~Ltice 

All ani.,als exa,r, ined 

Site & Lesion 
Ooze ~p~O     0 1600 8000 40000 

No. oI anin~al~ examined 50     50     50     S0 

l[ematopo i ~t i e & Lymphat i e S.vste~t 
~eneral:                    (N-) (50) (50) (SO) (~0) 

(M) 

Lymph nodes(mesenterie): ( N=) (50) (50) (50) (50) 
~ ~{a}ignaat ly,.pho,.a 0 1 0 0 soi~.: (N=)(5o) (50) (~o) (50) ~ [{isLioeytie sarcoma 1 0 0 0 Resp[rator~ System 

~a=al e~vitr: (N=)(O) (O) (O) (I) 
~ Adenoearc 

~ hdeno.~a 8 14 13 11 
Adenoeare i noma 1 1 6 4 ~igestive 

Small intestine: (N=) (50) (50) (50) (50) 
~) Papi I I ary adeno.m 0 1 O 0 
80 Adenoeareino~.a 0 0 0 1 Liver: (N=) (50) (50) (50) (50) 

~ 
[[epatoeellular adenoma 14 
[[e~nang 
[[istiocytic sarcoma 1 0 0 0 [{epatoc~l Inlet carcinmua 0 1 3 1 Urinary System 

~) Adeno~aa 0 0 
Urinary 

~) Transitional cell papillo~a 0 2 Geni tel 
Teseis: 

~ Interstitial cell tU~LOr 0 1 
flet~ang i on~a 

Endoec i ne System 
Tbrroid: (N=) (50) (S0) 

~) Follicular ade~oma 0 2 
~""~: (N=) (~0) (50) 

~) Benign B cell tm.or 0 1 Nervous System 

(B) Lipema 0 l Museulo-Skel etal System 

~,,e(othees): (N-) ( 0 ) (2) 
~) Osteoma I 0 
~00steosarcoma 

Sense 0fgans 0 0 

IIarderi an gland: 

(B) Adenoi.a 3 4 Integumentary 
Skin:                    (N=) (50) (50) 

~) Papi I lo,.a l 1 
(~1) I[emangiosarcoma 0 0 

(N-): Number of animals examined enicroseopieally at the site. 
Mal ignaney:    (B), benign neoplasm: (/~0, ntal ignant neoplas~ 

(~o) (50) 
0 2 

(SO) (~0) 
0 0 

(50) 
0 
0 

(50) 

0 

(50) (50) 

(~o) (50) 
0    0 

(so) (~o) 
0 0 

( ~)(~) 
] 0 
1 0 

(50) 
1 3 

50) (5o) 
0 0 
0 2 
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Table 

(IET 04-0151) 

page 1 - 72 

[[istopatholog¥- Incidence of microscopic neoplastic lesions 

All animals examined 

Site &Lesion 
Dose (ppm) 0 1600 8000 40000 

No. o~ animals examined 50 50 50 50 

Integumentary ,~ystem ((cont. 

Skin <<eonk >> : 

~lLeiomyosareoma 0steosareo|ua 

(N:)(5o) (so) (50) (50) 
0 0 1 1 
0 0 0 I 

No. of benign neoplasms 
29 42 30 23 

No. of benign & malignant Beoplasms 34 47 41 40 

No. of animals with benign neoplasm(s) 23 30 25 20 

No. of ani,,als .ith malignant neoplasm(s) S 5 11 16 

1/o. of animals with neoplasr~(s) 25 34 30 30 

~tal ignancy:    (~9, malignant neoplasm, 
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Table 21 - 1 

(IgT 94-0151) 

Histopathology - Incidence o[ t,|ieroseopic neoplastic lesions 
in female ,,ice 

Terminal kill after 78 weeks o[ treatment 

Site & Lesion 
Dose ~p~,0     0 1600 8000 40000 

No. of animals examined 32 36 40     35 

[[ematopoietic & Ly~lphatic 

General: (N=)(32 
Od) Malignant lymphoma 4 

Thy~us: ( N~ ) ( 32 
~ Ma] ignant lyu@~o~ta 0 

~pleen: ( ~ )( 32 
03) ~et.angio,~a 0 

~espi|’atory ~yste,~ 
Lung: ( N= ) ( 32 ) ~t Aden°’na 

7 
Adenoeareino|na 1 Digestive S~ste,| 

Small intestine: (N-) (32) 
~) Adenol, m 0 

Liver: (N=)(32) 
(B) I[epatocellular adenoma 1 

U~inary Syste|tt 

Urina~ bladdee: 
( N= )( 32 ) 

Leionyoma 0 
~enital 

Uterus:                        (~-)( 32 ) 

i! 
Endometrial stro~ttal polyp 0 
~emang i outa 0 
Le i ontyo|ua 
Histioeytie sareo~m 

~ Le iomyosareoma 2 
Endocrine 

Pituitary: ( ~ )( 32 } 
~) Anterior adeno~,a 0 

Thyroid: ( N=)( 
(B) Follicular adenonm                  0 

Aarenal:                    (N~)( ~2 ) 
03) Benign A cell tut~r 0 
03) Pheoehromoeytoma 0 

~arderian gland: 
( N= )( 32 ) 

03) Adenollla 
Integumentary System 

~t 
Pap i I I oma 1 
L i poma 1 
L i posarcoma 0 

Mmmary gland: 
( N= ) ( 32 ) ~/ Adeno,m 0 

$denoearcino,m 0 
~ody Cavities 

Abd~|,inal cavity: (N.) ( 5 ) 
(B} Ite,~angiotl~a 0 

) (36) (~o)(35) 
O* 5 3 

) (35)(40)(35) 
0    1    0 

) (ss) (40) (35) 
0    1    0 

(36) (~o) 
4 12 4 
1 3 0 

0    1    0 
(40) C35) 

1 ! 0 

(3~) (~o) 
0 1 1 

2 0 0 
0 1 2 
~ 2 
1 0 0 
1 0 0 

(s~) (~o) 
1 0 0 

(s6) (~o)(35) 
1    0    0 

(36) (~o)(35) 
1 2 
2 0    0 

(4o) (35) 
3 0 3 

(36) (~o) (35) 
0 0 0 
0 1 0 
0 0 ~ 

(36) (~0) (~S) 
1 0 0 
2 0 0 

( 4 
0 

3) (~) 
o    1 

~ NTM ) : Number of animals examined ,ticroseopica!ly at (he s re. 
alignancy:    (B). benign neoplasm: (M), malignant neoplas,t 

Significantly different fro,, the control at 5 g level of probability. 
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Table 21 - 2 [[istop&d~ology - Incidence of ~ieroseopie neoplast:ie lesions 

in female mice 
Tem.inal kill after 78 weeks of tread.tent 

Si~e ¯ Lesion 
Dose ~pm) 0 1600 8000 40000 

No. of animals examined 32 36 40 35 

No. of benign neoplasms 
12 16 22 12 

No. of malignan~ neoplasms 

No. of benign & malignant neoplast.s 19 21 3I 

No. of ani~.als witl~ benign neoplasm(s) 11 12 18 11 

~o. of a~imals with ~talignant neoplasm(s) 7 5 9 4 

No. of animals with neoplasm(s) 16 1~ 21 12 

.£o~ 
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Table 21 - 3 

page 1 - 75 

Histopathology - Incidence o[ microscopic neoplastic lesions 
in lel~ale mice 

Killed in extremis or found dead 

Site & Lesion 
Dose ~pm)     0 1600 8000 40000 

No. of animals exa,dned I8 14 10 

IIema topo i e t i c & Lympha t i e Sys tern 

(lencral: (N=) (18) (14) (10) (15) 

~ Myeloid leukemia 0 0 0 1 
Hal ignant Iympho~.a 2 4 3 4 Spleen: (N=)(18) (14)(10)(15) 

ffistiocytie sarcoma 0 0 0 1 
Respiratory System 

~] £denoma I 1 0 1 
hdenocarc i noma 0 1 0 1 
< Nodule/mass not in section > 0 0 1 0 

Liver: (N=) (18) (14) (10) 
~) [Jet,tang ioma 0 0 0 

~enita] $ystent 

~) [{emangio,ta 0 0 0 

~ Le io~.f~sarcoma 0 0 0 Endoerine Syste~a 

(R) Follicular adanoma 0 l 0 Museu Io-Ske I e t a I Sys teitt 

(~) Osteoma 0 
Skeletal musale (others): ( N- ) ( 0 

~) Rhabdomyosaccoma - 
Sense Organs 

[[arderian gland: ( N= ) ( 18 
~) Adeno~ta 0 

Skin: (N=)(18) (14) (10) 
~ Basal celt ea~cinon~a 0 1 0 
6~ Hemangiosareo,~a 0 0 1 

~h,mary gland: (N=) (]8) (14) (10) 
~!) hdenoeare inoma 0 1 1 

Body Car i t i es 

(14) 
0 

(3) 
1 

(14) 
0 

(lO) 
0 

(3) 

(lo) 
0 

Thoracic cavity: 
(N~)(2) (4) (4) 

~0 Osteosarcoma O 0 0 
hbdon, inal cavity: (N-)(3) (5) (~) 

(~ Os~eosarco,m 0 0 0 

(N=): Number of animals exa~ined ~ticroscopically at the site~ 
l~{aligna~cy:    I~), benign aeoplas~t: (M). malignant neoplas,t 

1 

(15) 

(15) 

(~) 
o 

1 
(1) 

0 

0 
0 

(15) 
0 

1 
(s) 

1 
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Table 

94-0151) 

page !- 7B 

I[istopathology- Incidence o[ microscopic neoplastic lesions 
in fm~mle mice 

Killed in extre~is or [ound dead 

Site & Lesion 
Doze (pp~t) 0 1BOO 8000 40000 

No. of ani~.als examined 18 14 10 15 

No, of benign neoplasms 1 2 0 
No, of malignant ~eoplaso~s " 2 8 8     t0 

No. of benign & malignant neoplasnts 3 10 

//o. of animals with benign neoplasm(s) 

No. of animals with malignant neoplasm(s) 

No. of animals with neoplasm(s) 

Defendant’s Exhibit 2570 0312 



Table 21 - 5 

page 1 - 77 

ffistopathology- Incidence of microscopic neoplastic lesions 
in female mice 

All animals examined 

Site & Lesion 
Dose ~l~m) 0 1600 8000 40000 

fro. o[ animaIs exa,,tined 50 50 50 50 

ffematopoietie & Lymphatic System 
General; 

~t) Myeloid leukemia 
(~ }Jal [gnant lymphoma 

~0 MaI igna~t lymphoma 
Spleen: 

~ [Iemangi oma 
~emang i osareoma 

Resp iratory Sys 
Lung: 

~ A denoma 
~denoeare 
< ~odule!mass not in 

~iges~ive 
Small intestine: 

~) hdeno,m 
Liver: 

~ f fepatoeel I ular adenoma 
[[emang i oma 

Ur ~nary System 
Urinary bladder: 

(B) Le iomyoma 
genital System 

Ovaw~ 
~) Hem~ngioma 

[[emang i oam 
Le i omyoma 
[[istioeytie sarcoma 

~ndocr i ne System 
Pituitary: 

~) Anterior adenoma 
~oia: 

~) Foil ieular 
Adrenal: 

~) Benign A cell tumor 
~) Pheoehromoeytoma 

Museulo-Skeletal System 
~o.~ (~,,~) : 

~) Osteoma 
Skeletal musele(others)= 

~ Rhabdom~osareo,m 
Sense Organs 

l[arder ian gland: 

~) Adenom~ 

~o ) 
o 

40 ) 
0 

SO ) 

o 
o 

SO ) 
8 
1 
o 

( 

( 

( 

~o) (~o)(~o) 
o    o 

49) (50)(SO) 
0 1 0 

50) (SO)(SO) 
0 I 0 
0 1 0 
0 0 1 

so) (~o) 

2 3    l 
0 1    0 

~o) (so) (~o) (so) 
0 0 1 0 

SO) (~0) (SO) (~0) 
1 1 1 0 
0 0 0 1 

~o) (~o) (so) (so) 
o 0 1 1 

50) (~o)(~o)(so) 
0 0 0 1 
~0) (~0) (50) (50) 

o 2 0 o 
0 o ! 2 
1 0 2 1 
0 1 o 0 
2 1 0 1 

0 
so ) 

o 
so ) 

0 
o 

so ) 
o 
o) 

(~o) (~o) (so) 
I 0 0 

(so) (so)(so) 
o    o 

(So) (sO)(~o) 
1 2    0 
2 o    o 

(so) (so)(so) 
0 o    1 

(~) (4) (-~) 
1 2    0 

so) (~o) (so) (so) 
1    3 0    5 

( ~= ): Number of animats examined mieroseopieall,v 
Ma[ignaney: at the site. 

(B), benign neoplasm; (M), malignant neoplasm. 
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(IET 94-0151) 

page 1 - 78 

ffistopathology- Incidence of ntieroseopic neoplastic lesions 
in ferule mice 

All ani,mls exa,dned 

~ite & Lesion 
Dose (pp,t)     0 1600 8000 40000 

No. of animals exat|tined 50     50     50     50 

Skin: 

Body Cavities 
%oracle ca~it~: 

(~ 0steo~areoma 
Abdo,dnal eavi ~y: 

~ Ife,~ang ionta 
O~ teosarco~ta 

CN-){50) (~0) (50) (so) 
Pap i l to,ta 1 0 0 0 
Lipoma 1 0 1 0 
Basal cell earcino,ta 0 1 0 0 
Liposareo,~a 0 0 0 
t[e,~angiosarcoma 0 0 1      0 ~and: (~-)(~o) (so) (so) (so) 
Adeno,m 0 1 0 
hdenocarcinouta 0 3 1 0 

(~=)(4) (~) (~) C~O 
0 0 0      1 

(N-)(~) (~) (~) ( ~ 
0 0 0 
0 0 0 t 

) 

) 

No. of benign neoplas,ts 13 18 22 18 

No. of t, alignant neoplasms ~ 13 17 14 

No. of benign a malignant neoplasms 22 31 39 32 

No. of ani,,als with benign neoplasul(s) 12 13 18 16 

No. o[ animals with malignant neoplasm(s) 9 I3 16 13 

No. of animals with neoplasm(s) 19 24 28 23 

(N~): Nun,her of animals exa~dned~|,ieroscopicall¥ at the site. 
Malignancy:    (B), benign neoplasn~: (i), malignant neoplas|it 
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Feinchemie Schwebda 2001, ’Carcinogenicity Study with Glyphosate Technical in Swiss Albino Mice.’, 

unpublished, Study No.: Toxi: 1559.CARCI-M, Rallis India Ltd., Bangalore, India. 
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