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Toxicology Summary ‘

Atrazine (2—cnloro—4—ethy1amine—6-isopropylamino—s—triazine]
(see Figure 1) is a chlorotriazine herbicide for season-long
control in corn, sorghum and other crops. It has a low to
mild acute oral (IIXI) and dermal (III) toxicity. fThere are
no acceptable acute inhalation studies with the technicail
that measure the actual exposure and particle size.

Atrazine produces oniy slight dermal (III) irritation,
moderate ocular (II) irritation and is not a dermal
sensitizer,.

There are no acceptable subchronic oral (dog, rat) and dermal
(rat) toxicity studies. The oral oncogenicity (mice only)
study presents no significaat toxicologic concerns. However,
there are tumers in Sprague-Dawley rats and cardiac effects
in dogs.

It was determined that Atrazine has oncogenic potential in
female rats resulting in mammary tumors. This data were
obtained subsequent to the issuance of the United States
Environmental Protection Agency (EPA) Guidance for
Registration of Pesticide Products containing Atrazine,
Novemher 10, 1983 (RS-83). A core-supplementary rat chronic/
oncogenicity study (00059211), noted in RS5-83, 4id not
delineate the oncogenic potential of Atrazine due to poor
survival and intercurrent infection. The new (core-minimum)
rat chronic/oncogenicity study (00141874) democnstrated a
statistically significant treatment-related increased number
of female Sprague-Dawley rats with maligrant mammary tumors
(adenocarcinoma plus carcinosarcoma).

The Toxicology Branch (TB) Peer Review Committea and
U.S.E.P.A. Science Advisory Panel {SAP) agree that atrazine
is a category C cncogen. In addition, the TB Peer Review
Committee is requesting additional studies to determine the
most appropriate method, if any, for determining the
quantitation of risk aue to atrazine (see Issues section for
further detailj. '

There are no toxicologic issues associated with developmental
or reproductive studies.

Arrazine is negative in a battery of mutagenicity tests for
gene mutation, chromosomal aberration and DNA repair.
However, based on published dominant lethal effects, there
may be a concern for heritable germ cell effects.

Atrazine is rapidly metabolized by dechlorination of the
triazine ring and N-dealkylation. Elimination is also rapid
and occurs primarily in the urine and secondarily in the
feces. It does not appear to accumulate in the body.
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B. Toxicology Profile

81 Serj 2 Toxici 1 Irri . Studi
81-1 Acute Oral

Sufficient data are available to shew that technical atrazine
has a low acute oral toxicity in rats (00027097). The acute
oral LDgg for rats was 2,850 mg/kg for males and females
combined. Toxicity Category IIIx

81-2 Acute Dermal

Sufficient data are available to show that technical atrazine
has a low t:oxicity by the dermal route (00024706). The acute
dermal LD 50 for rats is 1869 mg/Xg for males and females
combined. Toxicity Category IIIX.

81-3 Acute Inhalation

Although an acute inhalation Study on the technical (00059213)
indicates that the LC50 for rats is 167 mg/1 (nominal), this
Study had been downgraded to core-invalid since particle size
and actual atmospheric concentration and doses were not
determined as are currently required by the guidelines.
Additional data are required.

81-4 Primary Eyve Irritation

Sufficient data are available to show that technical atrazine
was moderate eye irritant (ACC231466). Toxicity Category III.

81-5 Primary Dermal Irritation

Sufficient data are available to show that technical atrazine
Was not a dermal irritant {00027096). Toxicity Category IV

81-6 Dermal Sensitization

Sufficient data are available to show that technical atrazine
was not a dermal seasitizer (00105131).
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81-7 acute Delaved NeurotoxXicity

No data are available on the acute neurotoxic effects of
Atrazine. This test is required only foi compounds which are
organophocsphate inhibiryrs of cholinesterase, or related to )
such inribitors or meradolites of such “nhibitors. Atrazine is
not an organophosphaie, therefore a study is not required.

32 Seri Subc) ic T .
82-1 Subchronic QOral

There are no satisfactory subchronic oral studies with
atrazine. Studies are not required since there are acceptable
chronic feeding studies in both rats and dogs.

82-2 sSubchronic Dermal (21-day)

No data are available on the subchronic 2l-day dermal toxicity
of Atrazine. A study is required.

82-3 sSubchronic Dermal {(90-day)

There is no subchronic 90-day dermal study. Thi= study is not
required because the existing acceptable end-uses should not
result in repeated human skin contact for extended periods.

82-4 Subchronic Inhalation

There is no subchronic inhalation study. This study is not
required for the registered use patterns.

82-5 Subchronic Neurotoxicitvy

There is no subchronic neurotoxicity study. This study is not
required becanse a acute delayed neurotexicity study is not
required.



83-1 Chronic Toxicity
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There is a gore-minimum one-year feeding/oncogenicity study
(40431301) in the beagle dog (4 dogs/sex/group). They were
treated with atrazine in the diet at 0, 15, 150 and 1000 (6
dogs/sex) ppm which resulted in approximate doses of 0, 0.43,
4.97 and 33.65 mg/kg/day for males and 0, 0.48, 4.97 and 31.80
mg/kg/day for females (based on food consumption and body
weight). The no-observable-effect-level (NOEL) was 15 ppm
(0.48 mg/kg/day) and the lowest-effect-level (LEL) was 150 opm
(0.4.97 mg/kg/day) based on: minimal cardiac changes including
dilatation of the right atrium {1 male), thickened atrium with
edema consistent with disseminated arteritis (1 male),
decreased P-II waves (females). At the high dose, toxicolegic
effects due to Atrazine included: mortality; cachexia and
ascites; decreased body weight, weight gain, and food
consumption; electrocardiographic alterations such as irregular
heartbeat, increased heart rate, decreased height of the P-IT
wave, atrial premature complexes and atrial fibrillation;
decreasad serum protein and albumin; moderate to severe cardiac
lesions characterized by atrial dilation, myocardial
degeneration (atrophy, myolysis).

This stucdy satisfies the requirement for a chronic dog
feeding study.

There is a core-minimum two-year feeding/oncogenicity study
(00141874) in the rat (65 rats/sex/group). Rats were treatad
for up to two years with either 0, 10, 70, 500 or 1000 ppm Of
Atrazine technical, which results in approximate doses of o,

.5, 3.5, 25 2r 50 mg/kg/day (calculated using the .05
conversion factor). There were interim sacrifices at 12 ard 1.3
months. The systemic NOEL was 70 ppm (3.5 mg/kg/day). The
sysiemic LEL was 500 ppm (25 mg/kg/day) based on {males anc
females): decreased mean body weight. In addition in the =igh
dose females there was decreased survival: decreased :
hemoglobin, hematocrit and red cell count; increased non-
neoplastic pathclogy (hepatocelliular centrolobular necrosis,
increased myeloid hyperpiasia of the bone marrow). Non-
neoplastic pathology in the high dose males included acinar
hyperplasia of the mammary gland, renal pelvic calcuii ané
prostatic epithelial hyperplasia. Treatment-related neoplastic
pathology was limited to the mammary gland of females. There
was a statistical increase in malignant tumors (adenocarcinoma
pPlus carcinosarcomas) and in mammary tumor bearing animals (see
toxicological issues for more detaill.

This study satisfies the requirement for a chronic rat
feeding study.



83-2 Oncogenicity

See "83-1 chropic toxicity" for comments regarding the 2-year
rat study (90141874). This was a core-minimum study for
oncogenicity.

This study satisfies the requirement for a rat oncogenicity
study.

There is a gore-guideline 91-week oncogenicity study
(40431302) in mice (59-60 mice/sex/group). They were treated
with atrazine in the diet at 0, 10, 300, 1500 or 3000 ppm
which resulted in approximate doses of ¢, 1.4, 38.4, 194.0 or
383.7 mg/kg/day for males and 0, 1.6, -/.9, 246.9 or 482.7
mg/kg/day for f{emales (based on focd consumption and body
weight). The systemic NOEL was 300 ppm (45.0 mg/kg/day). The
LEL was 1500 ppm (225.0 mg,/kg/day) based on: (males and
females) decreased mean body weight gain. 1In addition, cardiac
thrombi were observed in female mice at this dose. There was
no evidence for oncogenic potential due to atrazine in this
study.

This study satisfies the requirement for a mouse oncogenicity
study.

83-3 Teratogenicity

There is a core-minimum rabbit teratology study (00143006,
40566301). Groups of 19 New Zealand White rabbits were treated
by gavage on days 7 through 19 of gestation with 0, 1, 5 or 75
mg/kg/day of atrazine. The maternal toxicity NOEL was ‘1
mg/kg/day and the LEL was 5 mg/kg/day based on statistically
significant reduction in body weight gain for gestational days
14-19 and a statistically significant reduction in food
consumption on gestational days 17 and 1i9. The davelopmental
NOEL was 5 mg/kg/day and the LEL was 75 mc/kg/day based on
increased resorptions, decreased fetal weights anad delayed .
ossification of appendages.

This study satisfied the requirement for a teratology study
in rabbits.

There is a core-minimum rat teratology scudy (00143008,
40566302). Croups of 27 Charles River rats were treated by
gavage on days 6 through 15 of gestation with ¢, 10, 70 or 700
mg/kg/day of atrazine. The maternal toxicity NOEL was 10
mg/kg/day and the LEL was 70 mg/kg/day based on decreased body
weight gain. 1In addition, at 700 mg/kg/day there was increased
mortality, and clinical sings of toxicity along with decreased
food consumption. The developmental NOEL was 10 mg/kg/day and
the LEL was 70 mg/kg/day based on delayed ossification.
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This study satisfied the cequirement sor a teratology study
in- rats.

83-4 Reproduction

There is a core-minimum 2 generation reproduction study in rats

10, S0 or 500 ppm which results in an approximate dose of 30
0.5,°2.5 or 25 mg/kg/day (calculated using the .05 conversion
factor). The Parental systemic NOEL was 50 Ppm (2.5
mg/kg/day) and the LEL was 500 ppm (25 mg/kg/day), based on
decreased body weighLs, body weight gain and food consumption
in ‘both parental males and females throughout the study. The
reproductive NOEL was 10 ppm (0.5 mg/kg/day) and the LEL was 50
ppm (2.5 mg/kg/day) based on decreased body wa2ights of pups in
the second generation at the time of weaning (postnatal day

21.

This study satisfies the requirement for a reproduction study
in rats.



84-2 Mutagenicity Tests
l.,

Gene mutation.

' Atrazine was not mutagenic when tested in S, typhimurium

for point mutation (40246601) or E. coli for reverse
mutation (00161931).

The requirements for gene mutation testing have been
satisfied.

Chromosomal aberration

There is an acceptable micronucleus test (40722301).

When tested in male and female Tif:MAGF,SPF-NMRI-derived
mice there was no evidence of micronucleus formation with
acute doses up to 2250 mg/kg, a level resulting in

death.

Based on published dominant lethal effects, there may be
a concern for heritable germ cell effects (Adler, Mutat.
Res. 74: 77-93, 1980). The Agency has obtained summary
data from the laboratory for this study that indicate a
slight increase in dominant lethal effects at 2000 mg/kg,
suggesting that there may be transmissible genetic
alterations.

Although the minimum testing requirement for this
mutagenicity category has been formally satisfied, a
dominant lethal study is required.

Direct DNA damage or other tests.

Atrazine was tested for DNA repair in primary rat
hepatocytes from Tif;RAIf, SPF rats (00161790, 40246602).
Although there was no evidence of increased repair both
with and without S-9 activation at doses up to 150 ug/ml
this study has been determined to be invalid.

The requirements for direct DNA damage or other testing
have not been satisfied.

The requirements for Mutagenicity testing have not been
satisfied.

10



85-1 Metaholism

Although there are several acceptable metabolism studies
(0080634, 40431304,-5,-6,~9,40437501 there are several issues
concerning the metabolism of atrazine that need to be
addressed: 1) Identification of fecai metabolites in the male
and female rat. 2) Identification of urinary metabolites in
the male rat unless an acceptable rationale can be given that
the male and female produce the same metabolites. 3) An
explanation for the differences between two studies for the
percentage elimination of radioactivity in the urine and feces
urine of female rats given a single oral dose of 10vu mg/kg of
atrazine (70:25 vs. 50:50).

Figure 1 presents the structure of the parent and many of the
pPrimary metabolites for atrazine in rats. Dechlorination of
the triazine ring and N-dealkylation are the major metabolic

pathways for atrazine in rats.

About 95 % of atrazine is eliminated within 7 days following
treatment. The whole body half-life is about 1.3 days.
Elimination is independent of dose and sex. The Primary route
of elimination is urine (about 75 %). The amount eliminated in
the feces was about 20 %.

Distribution of atrazine was dose dependent but independent of
sex. Red blood cells (RBC) appear to store the highest levelsg
radiclabel (through covalent binding of a metabolite).
Atrazine did not appear to accumulate in tissue, except
possibly for the RBC.

The requirements for Metabolism testing have not been
satisfied for the reasons stated above. Additional studies
are required.

85-2 Domestic Animal Safety

Studies for domestic animail safety are not required at this
time.

85-3 Dermal Absorption

There is an Acceptable dermal absorption study (40431308).
Atrazine in 4L formulation is absorbed in relatively small
amounts through the skin. Typical values were 2.90, 0.53 and
0.26 % for 10 hour exposures to doses of 0.01, 0.1 0r 1.0
mg/cm2, Significant quantities remain on/in the skin after
washing with soap and water (24.87, 21.'Y and 10.49 %). No
significant differences in absorption were observed between
the 4L and 80W formulations cested at 1.0 mg/cm2 for 10 hours.

11
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The data indicate that absorption is approaching saturation at
the high dose. The test material which remains on/in the skin
after soap and water wash is considered absorbable. For risk
assessments the percent absorbed is added to the percent on/in
the skin to determine quantity absorbed. However, as noted in
the data evaluation report (DER) it is possible that part the

measured atrazine remaining on/in the skin is an artifact of

the experimental procedure. )

Additional dermal absorption studies aire not required at
this time.

12
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FIGURE I. CHEMICAL NAMES AND STRUCTURES
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C. Data Gaps

Atrazine is registered for use as an herbicide on food crops
and therefore the following Guideline toxicology studies can be
required for registration.

8l Series

81-1 Acute Oral

81~2 Acute Dermal i
81-3 Acute Inhalation

81-4 Primary Eye Irritation

81~5 Primary Dermal Irritation

81-6 Dermal Sensitization

81-7 Acute Delayed Neurotoxicity (hen)

82~1 Subchronic Oral (rodent, non-rodent)
82~2 Subchronic Dermal (21-day)

82-3 Subchronic Dermal (90-day)

82-4 Subchronic Inhalation

82-5 Subchronic Neurotoxicity

83-1 Chronic Toxicity (rodent, non-rodent)
83-2 Oncogenicity (two species)

83-3 Teratogenicity (two species)

83-4 Reproduction (rat)

84 Serxies Mutadenicity
84-2 Mutagenicity Tests.
1. Gene mutation.
2. Chromosomal aberration
3. Direct DNA damage.
4. Other Tests.
ies
85-1 Metabolism
85-3 Dermal Ahsorption

Based on this assessment of the toxicology data base for
atrazine, the following Guideline toxicology studies have been
identified as data gaps.
81 Series
81-3 Acute Inhalation
hronic T in

82-2 Subchronic Dermal (21-day)

15
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84-2 Mutagenicity Tests.
~hromosomal aberration - dorinent lethal study
Direct DNA damage or other

Based .on this assessment of the toxicology data base, the
following additional studies are required. ’

Oncogenicity Study with the Fischer 344 rat {(83-2).

Comparative metabolism studies comparing Fischer and Sprague-
Dawley female rats (blood and urinary metabolism, blood
kinetics #4d red blood cell binding), and comparisons between
other mamr - lian species (rat hepatocytes).

Hormone/receptor effects studies including evaluation of serum

estrogen, corticostercne, progesterone leveis {including
prolactin if possible).

16
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REfD Reassessment

The RfD, previously referred to as the ADI, of 0.00s
mg/kg/day is based upon the NOEL of ¢.5 mg/kKg/day from the
chronic dog feeding Study and the co-critical study the 2-
generation reproduction study. The uncertainty factor of 100
is used to account for the inter- and intraspecies
differences. 1In addition, the Toxicology Brarich Peer Review
Committee has determined that an additional factor of 10
should be use with the RfD in order to account for the
uncertainty due to the oncogenic potential of atrazine.

The data base includes:

l-year feeding - dog

2-year feeding/oncogenic - rat
2-generation reproduction - rat
teratology - rabbit

teratology - rat

Additional data considered: 91l-week oncogenic - mouse
There are no data gaps for determining the Rfd. This RfD has

been confirmed by the Toxicology Branch and Agency RfD
Committees.

17



E. ‘Toxicological Issues

1. Oncogenicity
Background

Atrazine, although not associated with any serious chronic
toxicity in the mouse is associated with tumors in rats. This
was determined subsequent to issuance of the RS-83. A core-
minimum rat study (0014874) indicated that Atrazine ingesticn was
be associated with an increased incidence of malignant mammary
tumors in female but not male rats.

Criteria contained in the EPA Guidelines [FRS1: 33992-34003,
1986] were considered when conducting a weight ~of-the-evidence
determination of oncogenic potential.

The high dose (1000 ppm - 50 mg/kg/day) reached or exceeded the
adequate dose needed for assessment of oncogenic potential based
on: males - 25 % decrease in body weight gain and non-neoplastic
pathology in males; females - increased mortality, 26 % decrease
in becdy weight gain and non-neoplastic pathology. The 500 ppm
(25 mg/kg/day) dose reached an adequate level based on a decrease
in body weight gain of 17 and 18 % for males and females,
respectively. There was no treatment related systemic toxkicity
at 70 and 10 ppm (3.5 and 0.5 mg/kg/day).

Dietary administration of Atrazine was associated with malignant
mammary tumors in only one species (rat), and only 1 sex
(female). Table 1 presencs the tumor data using effective
proportions (this adjusts for the occurrence of the first tumor).
All statistics were conducted with these values, including the
Peto prevalence since there was a survival disparity. Table 2
presents the tumor data as crude proportions (no adjustment for
occurrence of first tumor). Table 3 presents historical control
values from the testing facility (as crude proportions).

* As can be seen in Table 1, there was a statistically
significant dose-related trend in females for both malignant
and all mammary tumor bearing rats (p <0.01).

= There was also pair-wise significance at the 3.5 and 25
mg/kg/day (p <0.05) and 50 mg/kg/day (p<0.01).

™ As can be seen in Table 2, both malignant and TBA values for
3.5, 25 and 50 mg/kg/day are well outside the range for
historical controls. Low dose values are only slightly outside
the historical control range and probably do not reflect a '
treatment related increase.

Although the 25 and 50 mg/kg/day doses appeared to produce
adequate to excessive toxicity in females, malignant and all
mammary tumor bearing rats were also significantly increased at
3.5 mg/kg/day, without excessive toxicity. There was also an

18
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indication that adenocarcinomas occurred earlier in the high dose
than in controls. At the 13 week sacrifice there were 5 out of
10 rats with this tumor while none occurred in ten controls.

This 'suggests a possible increase in rate of tumor occurrence.
There was also an increase in the proportion of malignant

tumors.

Atrazine was not mutagenic in several acceptable studies (jin
vitro point mutations assays (bacterizl); DNA repair test; and
micronucleus test). Although there are several questicnable
published positive studies the mutagenic Jdata does not, in this
Case affect the oncogenic classification. :

Atrazine is structurally related to several compounds of known
oncogenic potentiail.

Risk Assessment

The Peer Review Committee documents 1 and 2 (dated 3/1/88, ana
7/7/88, respectively) indicated that the above constituted onliy
limited evidence of oncogenicity since “he oncogenic response
was observed only in 1 species (rat) and sex ( female) ard was a
common tumor type (mammary) and classified Atrazine as a

i i . Additional evidence from short-term
tests were not supportive of a higher Classification. They also
concluded that since there was a: 1) possible increase in
proportion of malignancy, 2) structural relationship to other
known oncogens and 3) possible early onset of tumors, the data
warranted quantitative risk assessment using the Q1% derived from
the Weibull model.

On September 7, 1988, Atrazine was presented to the SAP for
consideration of the classification. They agreed with the
conclusions of the TB Peer Review Committee that Atrazine is a
class C oncogen. Although they statzd that the mammary tumors in
Sprague-Dawley rats should be considered as a biologically
significant endpoint, they did not agree that quantification of
risk should be performed.

As a result of reevaluating the classification and quantification
in response to the Scientific Advisory Panal, the Peer Review
(document 3) determined that: .

"the data for Atrazine are not appropriate for quantitative
risk assessment (using the Weibull model). This was because
the tumors occurred only in one sex (female), species (rat) and
strain (Sprague-Dawley). Mammary tumors occur at a variable
rate, with a high background incidence in this strain of rat.
Additional mutagenicity data have lessened the concern for this
endpoint, therefore genotoxicity could not be used to Support
quantification. There appears to be, although not yet
substantiated by dat=z, a hormonal mechanism.®

19
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In addition the Peer Review Committee felt that since the tumors
were of toxicologic concern, the RfD, as used by the Office of
Pesticide Program, was inadequate. It was concluded that until
such time as additional data (see below) was presented to support
an appropriate model for guantitation, an additional uncertainty
factor of 10 should be added to the RfD, which usually has an
uncertainty factor of 100. It was also their intent that, when
other routes of exposure ara2 evaluated for levels of concern,
that the uncertainty facter of 100 be increased by a factor of
10. This would result in a Margin of Exposure level of 1000,
below which there is toxicologic concern for omcogenicity. The
Office of Drinking Water nhas used this additional factor of 10
when determining the Lifetime Health Advisory (LHA) for atrazine
in drinking water.

Data Needed to Reevaluate the :.ppropriate Risk Characterization
Model (taken from the TB Peer Review Document 3)

"The listed studies are currently ongoing, or are in the
planning stages at Ciba-Geiqgy. Preliminary results were
pivotal in the above deliberations of the Peer Review
Committee. Data provided by the completed studies are
necessary for the Ccmmittee to Jetermine the most appropriate
method, if any, for quantifying the risk due to atrazine:

1) Hormone/receptor effects of Atrazine, including serum
estrogen and other endocrine levels (including prolactin if
. possible); ,

2) Compariscn of oncogesnic sotential between Fischer and
Sprague-Dawley fema.2 rats;

3) Comparative metabolism between Fischer and Sprague—Dawle§
female rats, and between cther mammalian species (rat
hepatocytes."

2. Mutagenicity - concern for heritable risk

The minimum requlatory reqguirements for chromosomal aberration
testing have been fulfilled at this time. However, based on the
positive results in a pubi:ished dominant lethal study, there may
be a concern for heritable germ cell effects (Adler, Mutat. Res.
74: 77-93, 1980) from atrzzine exposure. It should be noted
that since these results zre not overwhelmingly positive, they
alone -ould not suggest a high priority concern rfor heritable
risk. However, due to the high potential for human exposure to
atrazine, further examinazion is warranted.

It is requested chat an acceotahle dominant lethal assay with

male mice be performed wi-h atrazine active ingredient. Since it
is the intention to reprocduce the published study's results, it

20
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TABLE 1 Ratel of female mammary tumors in the 2-year Jictary

oncogenicity study in female rats (Atrazine) (Am.Bioger. w¥410-
1102, 4/29/86)

EFEECTIVE PROPORTICONSE

Mammary tumor 0 10 70 500 1000

&adgn2<xuy
20/88(23) 24/65(37) 21/69(30) 21/68(31) 20/89(22)

Malignant34
15/88%*(17) 16/67(24) 27/69*%(3%) 27/53%(40) 45/89**(5])

TEAS 35/88**(40) 40/67(60)  48/69*(70) 48/68*(T71) 65/89%*(73)

NOTE: Significance of trend denoted at control.

Significance of pair-wise camparison with control denoted at Dose level.
* p<0.05; ** p<0.0l (Peto prevalence test)

! Animals with tumor/animals alive after occurrerce of first tumor.

2 Fibroadenoma and/or adenama.

3 A11 adenocarcinoma plus carcinosarcoma-

4 7wo animals in the high dose group had carcinosarcomas.

5 Mammary tumor bearing animals.

is strongly recommended that the registrant discuss their
proposed protccol(s) (e.g. dose selection and range, vehicle,
animal strains) with the OPP.

The Agency has obtained summary data (from the testing
laboratory) for the published study that indicate a siight
increase in dominant lethal effects in mice at 2000 mg/kg. This
suggests that there may be potential transmissible genetic
alterations (see memorandum from Kerry Dearfield to Marion Copley
dated 12/8/88 for additional detail). "There was a low
frequency of fertile matings in the firse mating period (38.€ %
compared to 96 % frequency for controls). However, once
bregnant, females appeared to have a comparable number of corpora
lutea and implants as the controls. There was a slight increase
in dominant lethal mutations in the first 3 mating periods (i.e.
first 12 days mating post-treatment) as evidenced by an increase
in the percent dead implants over controls." This study used
olive oil as the vehicle. In an unacceptakle dominant lethal
study conducted by Cika-Geigy Ltd. in a different strain of mice
(10246603), there was no evidence of dominant lethal effects.
This study remained unacceptable due to the lack of toxicity at
the high dose (1332 mg/kg) despite the collection of additional
information. The vehicle in this study was carboxymethyl
cellulose. This may Le a contributing fzctor to the difference
in the results of these *wo studies.
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TABLE 2

006937

Ratel of female mammary tumors in the 2-year dietary

oncogenicity study in female rats {Atrazine) (Am.Biogen. #410-

1102, 4/29/86)

CRUDE PROPORTICINSS

) DOSE
Mamary tumor 0 10 70 500 1000
Benign? only
20/88(23) 24/69(35) 21/69(30) 21/70(30) 20/89(22)
Malignant3.4
15/88*%{17) 16/69(23) 27/69%(39) 27/70%(39) 45/89%%({51)
TEAS 35/88**(40) 40/695(58) 48/69%(70) 48/70*(69) 65/89**(73)

NOTE: Stars are for reference only,they refer to the previcus table.

TABLE 3

HISTORICAL CONTROLS (273 rats at Am. Biogen. Corp.)

Mammary tumors ~ mean % from 4 studies (range)

BenignZ2 only 36 (31-45)
Malignant3,6 10 (3-19)
TBAS 45 (40-51)

; Animals with tumor type/# examined (percent).

Fibroadenoma and/or adenoma.

Mammary tumor bearing animals.

N U W

All adenocarcinoma plus carcinosarcoma-*
Two animals in the high dose group had carcinosarcomas.

There were no carcinosarcomas in the historical controls.

22
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3. Cardiac Toxicity
Backaround

Atrazine has been shown to produce cardiotoxicity in a 1 year
feeding study in dogs (40431301). At the mid dose of 5.0
mg/kg/day there were minimal cardiac changes including di:atation
of the right atrium (1/4 males), thickened atrium with edema
consistent with disseminated arteritis {1/4 males), decreased P-
II waves (4/4 females). At the high dose (34 mg/kg/day),
cardiotoxic effects included: electrocardiographic alteratlons
such as irregular heartbeat, increased heart rate, decreased
height of the P-I1 wave, atrial premature complexes and atrial
fibrillation; and moderate to severe histopathologic cardiac
iesions characterized by atrial dilation, myocardial degeneration
(atrophy, myolysis). Related signs of toxicity at this dose
included: mortality; cachexia and ascites; decreased body
weight, weight gain, and food consumption; and decreased serum
protein and albumin. Due to the life threatening potential as
evidenced by these cardiac lesions at the high dose, the mid dose
is considered to be the lowest effect level even though the
lesions at this dose were of much lower magnitude and frequency.

Risk Assessment

Thronic dietary exposure is evaluated using the RfD (discussed
2arlier in this chapter) while subchronic applicator risk for
~his toxic endpoint is ewvaluated by a MOS (margin of safety).
The MOS is derived by the following equation:

M0S = NOEL/daily exposure. The NOEL of 0.5 mg/kg/day, is based
on cardiac toxibity in the dog chronic feeding study (40431301)
and the exposure is the actual daily exposure to the applicator
taking dermal absorption into account. While it may be
considered extreme to use an endpoint from a chronic study, it
is deemed appropriate for the following reasons:

1)} An acceptable subchronic dog study is not available.

2) The supplementary 90-day dog study (00163339) that is
available, does not have a NOEL established at the low dose
(5 mg/kg/day) due to decreased bodyweight gain in males.

3) Although there were no histologic cardiac effects observed
in this study, electrocardiography was not conducted. This
parameter appears to be the most sensitive indicator of
cardiotoxicity in the dog.

ntil such time as an appropriate subchronic study is conducted,
the chronic NOEL for the dog should be used for determining the
MOS for cardiotoxicity.

MOSs of less than 100 are considered to bhe of toxicologic
concarn depending upon the number of days of exposure per year.

23
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F. Toxicology Summary Tables 006937
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1. First Peer Review of Atrazine (3/1/88)
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FILE LUKT

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

3
(m 3 WASMINGTON. D.C. 20460

006937

SFPICE OF
PERTICIOES amD rORIC By 88Tances

MEMORANDCM

Supject: Peer Review of Atrazine

Troms Judith W. Hauswirth, PBh.D. bk, 4 Wuc&. 3/:/¢F
Section Head, Section VI ¢
Toxicology Branch/HED (TS=769C)

To: Robert Taylor/Clare Grubbs

Product Manager $25
Registration Division (TS=767C)

The Toxicology Branch Peer Review Committee met cn September 10, 1987 ee
discuss and evaluate the weight of the evidence on atrazine, with particular
reference to its oncogenic potential.

A. Individuals in Attendance:

l. Peer Review Committee: (Signatures indicate concurrence with peer
Teview unless ise stated).

Theodore M. Farbsr

willian Burnam

Jochr A, Quest

Zstl £ Rinde

Richard Levy
Zonald Barnee

Sudith W. Hauswirth i, (). Mlecsiorinnt
d
2. Peer Review Committee Members in Absentia: (Committes members who
~ere not able to attend the a'fscuumm signatures indicate concurrence with
tne overall conciusions of the Comittes,) 7——-
Xeto Engler ﬂ CEM&L-/ i
. &
Robert Beliles ! 7%

o - -
Anne Barton e ]
. /7 ’
Ziane Beal 1/4/“ Ll Lrr {_

LBEST AVAILABLE copY.

10




8. Materijal Reviewed: .
W

Hauswirth containing daea evaluation of a rat oncogenicity study, an interim
teport on a IARC r;g Study, statistical analysis of rat mmmary gland tumoe
data, historical control data and Toxicology Sranch “cne-linecrs®.

C. Backcround Information:
sm=cmtmllg ntormation

Atrazine is a selective hezbicide used for Season-long weed ;::on:rol in
corn, sorghum and other CTODS. It is used at the highest rate for RON-
selective weed control in noncropped areas.

The chemical name of atrazine is z-chloro-t-ethylamino-s-isoptcpylamino—s—
triazine. The structure is as follows:
o e -

@
HoC NJ\ NHCH (LU 2

A peer review of the atrazine data was fequested by the Office Director of

OPFP in tmabsenceofammicitydacam«apouible cund
water contamination problem with atrazine. g

D. Evaluation m%icigz Studies:

1. Rat Cncogenicity Study - Ciba Geigy

Ref.: Twenty-four month cambined chronic oral toxicity and oncoegenicity
Study in rats utilizing atrazine technical. Mayhew, pa, Taylor,
CD, Smith, SH and Baras, DA. Conducted by American Biogenics
Corporation for Ciba-Geigy Corp. Study No. 410-1102. Accession
No. 262714-262727. Apeil 29, 1986.

Sbrague-Dawley [Crl:coms CD(SD)BR] rats were started on diets containing
atrazine at 37-38 days age. The dosage levels of atrazine used for the chronic
toxicity and oncogenicity portions of the study were 0, 10, 70, 500 ana 1000 ppm.

Fats per sex per P were used for the chironic toxicity qTep, i.e.
fats used to measure blood parameters a?d Clinjcal chemistries and urinalysis.
Fifty rats per sex per gr were used for the nicity and vere
mi:{ained on diets for zmm. An adn:l‘:'.t1‘.91'!:;.;.“:?3e rats p::q:x? were placed
on control and high dase (1000 ppm) diets for a twelve month interim sacrifice
and another 10 Per sex (control and high dose, 1009 pem} for a 13 month
sacrifice (the 1000 PP® group was placed on control diet for one month prior
Lo sacrifice). The total number of animals/sex in the contzol and HpY geoups was
90 and 70 for the 10, 70, and 500 Pom groups. Histopattnlogy wes performed on al}
animals.

The incidence of relevant necplastic pathology seen in this study can be
found summarized in Table 1.
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Incidence of Relevant Neoplastic Pathology 006937

"Dose (ppm)
0o 10 70 500 1000
Females

Tissue -

Mammary Gland - : ,
fibroadenamal 29/89°*(32)  29/65(45) 3&/70(s1) 39/68(57)  45/88**(51)
fibroadenamal  20/79(25) 24/65(37)  21/69(30) 66(32)  19/75(28)

(only} - = . :
adenamal TL/57(2) 0/51(0) 1/57(2) 1/54(2) 2/50(4)
adenamal (only)-. 1/45(2) 0/43(0) 0/49(0) 0/42(0) 1/33(3)
= adenocarcinoma i e ot
lus : A
- sarcama3 TT15/9077(17)  16/68(23)  27/70%(39) 27/68%(40)  45/90**(50)
_— TBA4 36/9077(40)  40/68(59)  47/70(67) ,A8/68(TL)  65/90%%(72)
—’ A mles Leady e .
\=~l.‘a.v)
R, Testes
interstitial
cell tumor 1/58%(2) 3/59(S) 2/59(3) 2/860(3) 7/64%(11)

Note: Significance of trend denoted at Control.
Significance of pairwise comparison with control denoted at Dose level.
*p<0.05, **p<0.01.

Including animals that may also have a carcinama

ng animals chat may also have a carcinaoma

Two animals in the high dose group had carcincsazcamas.

Total tumor bearing animals - § of animals with at least one type of

mammary tumoc.

Tumors were analyzed by Peto Prevalence since survival differences -
~ere observed in both male and female rats.

The following tumor incidences were statistically significantly elevated

in atrazine treated rats:
1. In femmles:

4. The incidence of fibroadenamas ( including animals that may also :
nave a carcinoma) was increased at the high dose. This increase was associated
with a significant dose-related trend;

b. The incidence of adenocarcinamas {including two rats at tne high
dose with carcincsarcomas) was increased at 70, 500, and 1000 Pem. This
*Ncrease was associated with a significant dose-related trend; and

C. The total number of rats with at least one type of mammary tumor
#as increased at the high dose. This increase was associated with a significant
dose-related trend.

WP e
"
5
£
&
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2- In males, the incidence of testiculir Interstizial cell tumors was
increased at the high dose. This increase was assci.ated with g significane
dose~-related trend (driven by a high dose effect).
' 006937

There were also indjcations of reduced latency of mammary aland
adenocarcinamas, since at the 12 month interim kill there were 0/20 adenocarciomas

in the control group and 6/20 in the high dase group.

The historical control range for fibroadenomas was teported by the
pecforming laboratory to be 36-48%. The incidence of fibroadenamas at the
1igh dose in the atrazine study was Just cutside of the historical control range.
The inzidence of adenocarcinanas was Qutside of the historical control ramge
(3-19%) for all treated groups. The number of animals with mammary gland tumors
of any type was also Qutside of the historical contro} farge (28~51%) for al)
treated groups. The incidence of testicular interstitial cell tumors was
“ithin the historjcal control range (0-12%).

The Committee felt that the MID had heen exceeded in female rats ac 1099 pom
sed upon a statistically significaat increase in mortality, a 26% decrease
in body weight qain at week 13 of the study, and hon-neoplastic pathol
including a Significant increase in centrolébula: necrosis of the uve?gi'm
bone marrow myeloid hyperplasia. The MID wasg feached at 500 pom basaed upon
body weight gain decrement of 18 at week 13 and an increase in bone marrow

In male rats, the MID was exceeded at 1000 ppm bagsed upon a 258 decrease in
body weight Rin at week 13 of the Study which remained at this same percentage
decrement for the remainder of the study. Other non-neoplastic patholegy seen

at 1000 ppm was mamma land acinar hyperplasia kidney pelvic caleulli
i : ryog the prostate atﬁtpdegenération c? muscle. As was

Seen in females, the»m was reached at 500 PPm due a 17% decrease in body

2. Chronic Feeding/Oncogenicity Study in Fischer 344/taTr rats conducted
for IARC:

Since the full report of this Study was not available for the
Committee's review it was not considered in the weight—of-the—evidence for
atrazine.

E. Additional Toxicol Information:
———=—==-2Z%icology Information

1. Mutagenicity:

Atrazine was negative in the following acceotable assays used to
determine mJitagenic potentjiaj. Ames Salmonelia assay, rec assay in
3acillus subtiiis, reverse Mutation in E. coli and unscheduled DNA synthesis

assay in rat hepatacytes.
2. Reproduction and Teratology:
Atrazine is not teratogenic in the rat Or rabbit. 1In the rac, an

increased incidence of runts was seen at all dosage levels (NOEL(IOmg/kg).
In the rabbit, administration of atrazine (75 my/kg) was associated with
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increased resorptions, ceduced fetal weights for both sexes, and increases
in delayed ossification. In an unacceptable 3-generacicn Feproiuction study,
no adverse reproductive effects wars seen ¥e to 1000 ppm, thne nighest doge

testad. )
3. Metabolism: 006937 -

When a single oral dose of ldc-atrazine was given to Long=Evans rats,
52-57% was excreted in the urine and 12-15% in the feces within 48 hours.
Less than 0.1% was excreted in expired Q2. The highest tissue resicdues were -
found in the liver and Kidney. No metabolite identification was done in this

study.
4. Structure Activity Relationship:

Atrazine is structurally related to simazine, cyanazine, propazine,
and terbutryn, the structures of which &re shown below,

" HN“L.?L NuC g ,anw‘l,..’L NGy RGN '”‘f)“ﬂﬂ-i&: Wt “‘l"im);
Simazine Propazine Cyanazine Terbutryn
a. Simazine

Simazine is rapidly metabolized in the tat. Eighty-six percene

of the labelled compound is excreted within 14 in the wine and feces.
Oncogenicity studies are currently underway.

b. Cyanazine

In rats, 89% of labelled cysnazine is eliminated within ¢ days,
42% in urine and 47% in faces. The ma jor metabolic pathways are dechlorination
and deethylation. Cyanazine did not produce chromosomal aberrations in bone
mmcfmiaaﬂdidm:mtcbomictommiu. Adequate
oncogenicity studies the rat are not available; however, a new study in the

rat is presently being conducted.

C. Propazine

Forty-gwo percent of ldc-propazine was eliminated in the urine
and 28% in the feces. Mostly unchanged propazine was found in the feces.
Hydroxypropazine was identified both in urine and feces.

Propezine has been found to be positive for mutagenicity in vy
Chinese hamster cells both with and without metabolic activation. However,
the response was weaker in the peresence of metabolic activation. It was
negative in a nucleus anamaly assay and in a DNA repair assay in rat hepatccytes.

Propazine was negative for oncogenicity in the (D1 mouse but
caused a statistically significant increase in W tumors in female
D rats. Propazine has recently been presented to the ToncoToqy 8ranch Peer
Review Cammittee for classification of oncogenic potential and has tean
clasgified as a category C oncogen. :

44
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d. Terbutryn 006937

. Eighty-five psrcent of ring-laselled 14c-tertutzyn is excreted
within 72 hours in the urine (39%) and feces (46%) of rats. The major
metabolic pathways are desulfuration, N~deethylation ard S~cemsthylation.

. Tetbutryn isnoemutaqmicinmmwamymtm
micrenucleus assay and does not cause chromoscmal aberrations in vivo in
hamsters.

Texrbutryn is negative for oncogenicity in the (D=l muse. Whan
administered in the diet to female Charles River CD rats, terbuteyn induced a
statistically significant increase in combined mammary gl and
adenccarcinemas and in combined Mptmnumm. In
males, terbutryn induced an increase in combined thyroid follicular cell
adencmas i

and carcinomas and in testicular interstitial cell adancmas. The
Toxicology Branch Peer Review Committee has Classified terbutryn as a cataegory

C oncogen.

F. Weiﬁ of Evidence Considerations:

The Committee considersd the following facts regarding the toxicology
data on Atrazine to be of importance in a weight of the evidence determiration

of oncogenic potential.

1. Administration of Atrazine to female Sprague-Davley rats was associsted
with a statistically significant increase in mamary gland fibroadsnomas at
1000 ppm, in mammary gland adenocarcinonas (including two carcincsarcomes at
the HDT) at 70, S00, and 1000 ppm, mdintotalu.aryqlmdmburim
animals at 1000 ppm. Each of these increases was associated with a statistically
significant dose-related trend and was outside of the high end of the historical
control range. In addition, there was evidence for decreased latency for
mammary gland adenocarcincmas at the 12 month interim sacrifice.

2. A statistically significant increase in testicular interstitial cell
tumors was ‘seen in male Sprague=Davley rats at 1000 ppm; however, this increass
was within the historical control r .

3. mmmmuumtﬂlmmmm:doatmdmmm
wmuynimmmmmummmmzy, liver
necrosis, and bone marrow myeloid hyperplasia in the females. The MID was :
machcdinmluadzmusoom.

4. Testing for encogenicity in the mouse is underway but hag not been
completed,

S. Atrazine was negative in three acceptable aszays for mutagenicity.

6. Atrazine was not teratogenic in rats or rabbits and caused no reprod-
wtive toxicity in rats up to 1000 ppm.

7. Complete metabolism studies are not available; however, atrazine has
been shown to be excreted mainly in the urine.
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8. Atrazine is structurally related to simazine, cyanazine, propazine
and terbutryn. Both propazine and terbutryn have been found to induce mammacy
tumors in rats and have been classified as category ¢ oncogens by the Toxicology
Branch Peer Review Committee. In addition, Cyanazine, propazine and terdutryn
have teen found to be negative for oncogenicity in the (D=1 mouse.,

3. (Classification of Oncogenic Potential:

The Committee concluded that the data available for atrazine provided
limited evidence for the oncogenicity of the chemical in rats, According to
£PA Suidelines for Cazrcinogen Risk Assesgsment (CFR, September 24, 1986), the
Commictee classified Atrazine as a Catagory C oncogen (possible human carcinogen).

That is, administration of atrazine to Sprague-Dawley rats was associated with

an increased incidence of mammary gland fibroadanomas and Xenocarcircmas in
female rats. The increase in testicular interstitial cell tumor seen at the high
dose in male rats was not considered to be treatmant-related by the Committee
since the incidence was within the historical control range and was seen at a
dosage level that exceeded the MID. Atrazine hag not shown any mutagenic
activity in any assays availabla to t=e Cammitiee; however, it ig structurally
related to propazine and terbutryn which induce mammary gland tumors in female
rats and have been classified as categery C .

The classification of atrazine as a possible human carcinogen was tantazive
pending receipt of an acceptzble oncogenicity study in the mouss. The Committae
concluded that a quantitative risk assesament should be performed due tc 1)

the induction of malignant marziary gland tumors and possible decreasec latsncy
for their appearance and (2) positive SAR datsa for mammary gland tumers,
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2. Second Peer Review of Atrazine (8/1/88)
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FILE COPY

LA

’ .
[ 2 IR UNITED STATES ENVIRONMENTAL PROTECTION agency 006937
.‘f§ WASHINGTON, D C. 20480 :
" angtt®
~iC | 1956
MEMORANDU™ ' PEETICIORS AND YO Roe SUNSTARCES

Subject: Second Peer Review of Atrazine

From: - Juditkh W. BRauswirth, Ph.D. ; A .
Section Head, Section VI
Toxicology Eranch/HED (TS-769C) 7/7/ 5%

Tos Pobert Taylor/Clare Grubbs
© Product Manager #25
Registration Division (TS~767C)

and

Jude Andreasen
Special Review Branch
Registration Division {TS-767C)

The Toxicology Branch Peer Review Comittee met on June €, 1988 to discuss
and reevaluate the weight of the evidence on the oncogenic potential of
atrazine in light of the results of a recently submitted oncogenicity study
in the mouse,

3, Individuals in Attendance:

1. Peer Review Committee: (Signatures indicate concurrence with peer -

review unless otherwise stated). . ’
Theodore M. Farber M W W
william Burnam Y 2 ;/g"'"’“’

Reto Engler S alin .

Jetm . Quest _Wféi

Esther Rinde ko Pnds

Judith . Hauswirth 954% & evaurctel
Lynnard Slaughter 'f g M =,=5‘&' ”

Ferry Dearfield Z\—{-:v ! f/ —cktf-;!.{f

Richard Levy L ~

BEST AVAILABLE COPY 48
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Robert Beliles XMM_

2. Scientific Reviewers: (Non-committee members responsible for
presentation of data; signature indicates technical accuracy of panel report.)

. . VP A ’
Sanford Bigelow A -/
- V4 "4l

3, Peer Review Committee Members in Absentia: (Comnittee members who
were not able to attend the discussion: signatures indicated concurrence with
the overall conclusicns of the Committee.)

. Anne Barton S > - S }:D\g

"Richard #Hill ) il o~

. 4 V4
Diane Beal ' —QL&‘_M___
" Marion Copley m : %

B, Material Reviewed: &

The material available for review conzisted of a package grepared by Dr.
Hauswirth containing a data evaluation report of a mouse oncogenicity study,
a Draft peer review report of the first atrazine meeiing of September 10,
1987, and a review of the available mutagenicity data o atcazine (Dr. K.
Cearfield, memorandum dated April 26, 1988). '

C. Eackground Information:

Atrazine was tentatively classified as a category C oncogen by the
Texicclogy Sranch Peer Review Committee on September 10, 1987 based uron the
results of a chronic toxicity/oncogenicity study in the Sprague-Dawley rat.
Accerding te the report:

.e-ss2dministration of atrazine to Sprague-Dawley rats
was associated with an increased incidence of macmary
gland fibroader.omas and adenocarcinomas in female

rats, The increase in testicular interstitial cell
tumors seen at the high dose in male rats was not
considered to be treatment~related by the Committee
since the incidence was within the histcrical contrcl
range and was seen at a dosace level that exceeded

the MID. Atrazine has not shown any mutagenic activity
in any assays available to the Committee; however, it is
structiurally related to propazine and terbutryn which
induce mammary gland tumors in female rats and have
been classified as category C oncogens.

0. Evaluation of Mouse Oncogenicity Study:

Fef.: Atrazine = technical: 91-week oral carcinogenicity study in mice.
J.R. Eazelette and J. D. Green. <{onducted by Divison of Toxicology
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Ciba=Seigy Corp., Summit, \J. Study Ne.: 842120. %RID No.
404313~02.

co-1 [Crl: CAl (ICR) ER] mice were placed on diets containing 0, 10, 300,
1500 and 3000 ppn atrazine. The number of mice in each group was as follows:
60 for the control, 300, 1500, and 3000 ppm female groups, 59 for the 10 ppm
female group, 60 for the 10, 300 and 1500 ppm male groups, 59 for the male
control group and 58 for the male 3000 prpm group.

This study has been classified as a Core guideline study with a NOEL of 300
epm (45 mg/kg/day) and a LEL of 1500 ppm (225 mg/kg/day) based upon decreases
of 23.5% and 11t in mean body weight gain found at 91 weeks in male and female
mice, respectively and an increased incidence of cardiac thrombi found in female
mice, Based upon the depression in body weight gain seen in male and female
mice at 1500 and 3000 ppm and increased mortality of female mice at 3000 pom,
adequate dosage levels were tested to determine the oncogenic potential of
atrazine in the mouse. No oncogenic effects were noted at any level that
could be attributed to atrazine.

E. Additional Information:

The registrant submitted a position paper on the availabie mutagenicity
data on atrazine, including studies conducted by the registrant and those
found in the open literaure. This paper was written by Dr. D. Brusick and
was reviewed by Cr, K. Dearfield in Toxicology Branch.

Dr. Dearfield concluded:

It appears from a review of the many atrazine

studies available to OF? from submissions and

through the published literature tha: atrazine

does not induce genotoxic activity in in vitro

studies + mammalian activation systems, However,

there does appear to be genotoxic pctential by .
atrazine as revealed in in vivo studies. )

He noted that further mutagenicity testing on atrazine is required to satisfy
the guideline requirements in this area and that atrazine is a plant activated
promutagen suggesting that testing of isolated plant metabolites be conducted.
Dr. Hauswirth noted that the registrant has informed her that mutagenicity
testing has been conducted on one plant metabolite and that they were about to
subrit this data.

F. Classification of Oncogenic Fotential:

The Committee concluded that the new data presented on atrazine did not
alter their conclusion that atrazine was a category C onccgen and that a
quantification of risk should be performed as outlined in their June 6, 1988
report of the first peer review meeting cn atrazine. The oncogenicity study
in the (C-1 mouse was negative for oncocenicity and the review of the
mutagenicity data tase on atrazine Zid not provide information that would
change this categorization.
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3. Third Peer Review of Atrazine (11/22/88)
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a5 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

mf’ . WASHINGTON, B.C. 204¢0
mgt®.
-« &2 .t
SEETICIORS Aoﬂ’ﬂ"fcﬁ.l?: LUSETARCES

MEMORANDUM

Subjﬁct! Third Peer Review of Atrazine - Resvaluation Following
: the September 7, 1988 Scientific Advisory Panel Review

From: Marion P. Copley, D.V.M.
: Acting Section Head, Saction 2
Toxicolegy Branch I (IRS), HED (TS~-763C)

To: Robert Tailor (PM 25)
Registration Division (TS~767C)

and
Jude Andreasen (TS-767C)

Special Review
Special Review and Reregistration Division

The Pior Review Committee met on September 29, 1988 to examine
the issues raised by the Scientific Advisory Panel (SAP) with
respect to the classification of the carcinogenicity of Atrazine.

A. Individuals in Attendance:

1. Peer Review Committee: (Signatures indicate concurrence
with the peer review unless othervise stated).

Theodore Farber
William Burnam
Reto Engler

Judith Hauswirth
Marsha van Gemert
Marion Copley
Kerry Dearfield

Esther Rinde

John Quest
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T»Lynnard Slaughter - W S e
" Robert Beliles

2. Reviewers: (Non-committee members Tesponsinle for dats
presentation, signatures indicate technical accuracy of panel
raport) . ;

Marion Copley (Reviawer) 6573,,. ) ¢ 20"
3. Peer Raview Members in Absentic: (Committon m r$ who

ware unable to attend the discussion: signatures indicate

concurrence with the overall conclusions of the Committee.)

Richard Hill o ——
Richard Levy | ’;ﬂup‘ !\ .A__ /
Disne Rasl . ——

B. MaSerial Reviswed:

The SAP response memorandum from the September 7, 1988
ncotinngna reviewed by the Committee (see attachment 1).

C. Considerations:

The Panel agreed with the Committee's overall assessgmont of
the weight of the avidence of Atrazine, classitying it as a
category C oncogen. Although "the Panel believes that mammary
tumors in Sprague-Dawley rats should be considered as a
biologically significant endpoint®, they did not agree that a
quantification of risk should be performed, since 1) the tumsr
site of concern was the mARmArY gland in Sprague-Davwley rats and
2) "the issue was further complicated by the influencse of
secondary factors such as endocrinre imbalance at high, but net
low doses®”,

i1ssues discussed:
Quantification of Risk:

The Committee originally felt (Peer Review Memorandum
dated August 1, 1988) that a quantitative estimation of the
oncogenic potential should be performed because of the occurrence
of primarily malignant Rammary tumors at doses that had few signs
of toxicity.

Upon reevaluation of the data and consi.lering the comments
of the SAP, tha Pesr Reviaw Committee determined that the data
for Atrazine are not appropriate for quantitative risk assessment
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(using the Weibull model). This was because the tumors occurred
only in one sex (female), species (rat) and strain (Sprague-~
Dawley). Mammary tumors occur at a variable rate, with a high
background incidence in this strain of rat. Additional
mutagenicity data have lessened the concern for this endpoint,
therefore genotoxicity could not be used to support
quantification. There appears to be, although not yet
substantiated by data, a hormonal mechanism.

According to preliminary data submitted by the registrant,
there appears to be a hormonal mechanism involved in the
induction of mammary tumors by Atrazine. Information contained
in HED files on other s-triazines, structurally similar to
~--o--Atrazine, - indicates that-they induce tumors only in hormonally =~
sensitive tissues. Additional information discussed at the SAP
meering, but not yet substantiared by actual data, indicates that
female rats produced in the first or second generation of an
Atrazine reproduction study, and continued on diets containing
Atrazine for two years, 4id not have mammary gland tumors at a
higher rate than the corresponding controls. This would also
raise the question of hormonal influence in the production of
mammary gland cumors by Atrazine.

In addition, there are sketchy data, generated by the
registrant, indicating that the Sprague-Dawley rat may metabolize
Atrazine differently than the Fischer rat and humans.

Interim Alternative to the Above Quantification of Risk:

The Committee members fel: that since the mammary tuwmors
were considered a toxicologic concern, the RfD, as used by Office
of Pesticide Program (OPP) was not adequate, therefore they
discussed alternative methods to account for the oncogenic
potential. Until further information is evaluated, see below,
the followiny was agreed upon by the Committee: Use the LHA
(lifetime ecalth advisory) level set by the Office of Drinking
Water {(Oww: .r their Health Advisory for Atrazine (dated August
1988, ate- - «¢ 2) rather than either the Q;* or the RfD. The
ODW methor. <~ “ers from the current OPP policy for determining
allowable diec.ary residues by including an additional
uncertainty factor of 10 when Calculating the lifetime drinking
water hei th advisories (LHA), whi ‘h are otherwise based on the
Reference Dose (RfD), to account -<or possible carcinogenicicy.
The current RfD of 0.00S mg/kg/day, is based on a chronic dog
NOEL of 0.48 mg/kg/day (cardiac effects). The value, afcer
accounting for the additional uncertainty factor, would be 0.0005

mg/kg/day.

It should be noted that, although the Committee did not
endorse a threshold mechanism, rat mammary Zumors were
significantly increased at 3.5 mg,/kgsday (70 ppm} and above, not
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.at 0.5 mg/kg/day (10 ppm}. In addition, in a Sprague-Dawley rat
reproductive study, :the NOEL for reproductive effects was also
0.5 mg/kg/cday (10 ppm). Decreased pup weight was observez
primarily at weaning with the next higher dose (50 pp®m or 2.5
mg/kg/day). However, it could not be determined whether this
effect was due to a maternal effect such as decreased milk
production or direct pup toxicity from Atrazine.

New Data Needed to Reevaluate the Appropriate Risk
Characterization Model

The listed studies are currently ongoing, or are in the
planning stages at Ciba-Geigy. Preliminary results were pivotal
in the above deliberations of the Pear Review Committee. Data
provided by the completed studies are necessary for the Committee
to determine the most appropriate method, if any, for quantifying
the risk due to atrazine:

1) Hormone/receptor effects of Atrazine, including serum
estrogen and other endocrine levels (including prolactin if
possible);

2) Comparison of oncogenic potential between Fischer and
Sprague-Davley female rats:

3) Comparative metabolism between Fischer and Sprague-Dawley
female rats, and between other mammalian species (rat
hepatocytes).

D. conclusions:
The Committee concluded that:
1) Atrazine should be classified as a category C oncogen.

2) The data were not convincing enough for quantitative risk
characterization using the Weibull model.

3} The tumor response was of sufficient concern that the RfD
should not become the default position for expressing long
term risk levels for Atrazine.

Therefore, it was concluded that, until additional data (see
above) are submitted to elucidate the most appropriate method of
risk characterization, there should be an additional uncertainty
factor of 10 added to the RfD to account for the oncogenic
potential when determining allowable exposures to this compound.

The Committee strongly recommends that the registrant
continue to generate data suppcrting a hormonal mechanism and
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gubmit it to the Agency in a timely manner. The Committee also
locks favorably upon the istrant's decisien to conduct an
oncogenicity study in the Pischer rat. This information is
required for the Committae to determine the most appropriate
alternate method of risk determination.

COPLEY\PC6\ATRAZINE\FR3.RSP, 10/7,/38
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FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT
SCIENTIFIC ADVISORY PANEL
A Set of Scientific Issues Being Considered by the Agency in

Connection with the Peaer Review Clagsification
of Atrazine as a Class C Oncogen

The Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA) Scientific Advigsory Panel (SAP) has completed review of
2 set of scientiiic issues being considered by the Envirommental
Protection Agency's peer review classification of atrazire
2s a Class C oncogen. The teview was conducted in an open
meeting held in Arlington, Virginia, on September 7, 1984.

All Panel membars, exceot Dr. Thomas W. Clarkson, were present

for the review. ‘

Public notice of the meeting was published in the Federal
Recister on Monday, July 25, 1988.

Oral statements were received from staff of the Environmentzal
Protection Agency and from Dr. James Stephens of Ciba-Geigy
and Dr. Robert Squire of Johns Hopkins University representing

Ciba-Geigy.

In consideration of all matters brought cut during the
meeting and careful review of all documents presented by the
Agency, the Panel unanimously submits the following report.

REPORT OF PANEL RECOMMENDATIONS

Atrazine

The Agency reguested the Panel to focus its attention upon
a scientific issue relating to the Peer Review of atrazine.
There follows the issues and the Panel's response to the issues:

Issue:

Atrazine was classified by the Toxicolegy Branch Peer Review
committee as C (Possible Human Carcinogen), based on: 1) increaseZl
incidence of tumors in one sex (primarily malignant tumors in
ferales); 2) a possible mutagenicity concern and 3) a structure
activity relationship with agents demonstrated to produce
maTrary tumors. The tumors associated with attazine included
mammary fibroadenoma/adenocaccinomas and adenocarcinoma in

female rats.
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1. The Agency reguests any comments the Panel may wish to make
regarding the biological significance of the mammacy tumors

in Sprague-Dawley rat.

"Panel Response:

The Panel believes that mammary tumors in Sprague-Dawley
rats should be considered as a biologically significant endpoint.
As such, one relies not only on statistics to deztermine whether
or not an effect is compound related, but also biological
plausibility. The variadility of this endpoint and its potential
for secondary hormonal influence make this an important issue.

ISSUE:

2. Does the Panel have any specific corments regarding our
overall assessment of the weight of evidence and classification
of this chemical in accordance with the Agency's Guidelines
for Carcinogen Risk Assessment.

Panel Response:

The Panel agrees with the Agency's classification of atrazine
as a category C concogen. We are, however, concerned about
performing quantitative risk assessment (QRA) on the mammary
tumor data. The Sprague-Dawley rat is clearly different from
humans in sensitivity, contrary to an inherent assumption in
QRA. The issue is further complicated by the influence of
secondary factors such as endocrine imbalance at high, but
not low doses. Therefore, the Panel recommends that QRA not

be 3one on atrazine. v
FOR THE CHAIRMAN:

Certified as an accurate report of Findings:

FIFRA Scientific Advisory Panel

Date: 7'/7"’?
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Health Advisory '
Office of Orinking wWater 006937
U.S. Envircamental Protection Ageacy .

INTRODUCTION

The Healeh Advisory (HA) Praogrem, sponsaored by the 0ffice of Orinking
Water (OOW), provides informacion on 2he healzh effacts, analytical mathod-
clogy and treatmead tachnology chat would be useful in desling vith the
contaminatioa of drinking water. Health Advigories descride acarequlacory
concentracions of drinking vater coataminancs &t which adverse healeh effects
would not de anticipated to occur over specific exposurs durations. Health

esergancy 8pills or coantamination situations GoQuUr. They are not ts be
construed as legally enforceable Pederal standards. The EAs are subject to
change 2s new informetion becomes available.

Health Advigories are developed for cae-day, teun-day, longer-term
(approximately 7 years, or 108 of 4n individual’s lifetime) and lifetize

k sstimetes by employing & cancer potency
(unit rigk) value together vith sssumpticas for lifetime expoeure and the
consumption of drinking water. Me cancer Wnit risk 1o usually derived from

the linear multistage model with 958 upper coafidence .imits. This provides
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L. GZNERAL INFORMATICY ANDC PROPERCIES

v

vAS NO. 1912<24-9

Strucsural Formula CI
| N "KN
. ' ] m
N s
L) ‘?‘kNJ\'f'C(CH,),
] M
2<Chloro~4 -othyxmno—c-!.mepyl.m“-l 3, S-eriazine

S’mcn&,

* Aicrex; Atranex; Crisscrina; Crisazine: Farmco Atrazine; Griffex;
Shell Atrazine Herbiclide; Wectal 3C; Gasapria; Prizatol (Meiszer, 1987).

®. Atrazine ower the pASt 30 years has been the oSt heavily ugsed
herbicide ia the 0.8, I i3 used for noaselective weed conerel oa
faduserial or noncropped land and selective weed control in corn,
SOrghius, suger cane, plneapple and certain other plants (Meister.
19€7).

Properties (Meister, 1987, Windholz, 1976)

Qienical Pormula CgH 141ty
Molecular Waigne 21%. 72
Physical Seate Wite, ordorless, cTystalline golid
Boliliag Point (23 en Hg) -
Melting Poiae 178 o 1770¢
Osnsity (20°) 1,187
Vapor Pressure (20°c) 3.0 x 10~7 o g
Water Solubiliey (22°C) 70 sg/L
Log Octanol/Mater Mrticicn 2.33t0 2.7}
Cosfficient
Taste Mireshold -
Cdar Tireshold -~

Coawersion Pecter
Occurrsncs

®* In a monitoring gtudy of Missiseippl River vater, atrazine residues
vere found at & maximum level of 17 ppb; residues wers detected
throughout the year, wvith the highest concentrations found in cure
or July (Yewdy and Twaedy, 1976).

® Atrazine has been found In 6,123 of 10,942 surface witar sac:les
21alyzed and in 143 of 3,208 ground vater samples (STHNET. 1339).

BEST AVAILABLE COPY]

ES)



AnFIsT, '383

006337

Samples were collacted at 1,859 surface water locations and 2,810
ground water locaticas. The 8Seh percentile of all noae-cerc samples
vas 1.3 ug/L in surface vater and 1.9 ug/L ia ground water sources.
The maximum conceacration found ia surface weter was 2,300 ug/L and

in ground water it was 700 ug/L. Atrazine was foound in surface

water of 31 sStates and in grouac vater ir 13 States. Thls Laformazion
is provided to ¥ive & general iapression of the ccourrence of this
chemical in ground and surfaca weters as reported in the STORET
databsse. The individual dacs points retrieved wera used as they
came from STORET and have 20¢ been confirmed ag to. their validiey.

.’O

of the context of the entire sampling ragime, as they are hegs.
Therefore, this informatica can only be used %o form an iapression
of the incensity ard lecation of sampling for » particular chezmical.

Atrazine hag been fmd also in ground vater in Pennsylvania, Iowa,
Nebraska, Wisconsin and Maryland; typical positives were 0.3 to 3 ppb
(Cohen et al., 1968).

Ervironmental Pate
M

An aercbic soil mezaboliss study in Lakeland sandy loam, Hagerstown
silty clay loem, and Wehadkee silt loam soils showed conversion of
atrazine to hydroxyatrasine, aftsr € weeks, to be 38, 40 and 478 of
the amount applied, respectively, (Marris, 1987). Two additionsl
degradates, deisopropylated atraszine and deethyleted atrazine, were
idencified in a sandy loam study (Beynoa et al., 1972).

Hurle and Ribler (1976) studied the effect of wter-holding capacity
on the rate of degradation and found & half-life for atrazine of more
than 123 days, 37 days and 36 days in sandy soil held at 43, 1I%: and
70% water=-holding capacity, respectivaely. ,

In Oekley sandy losm and Nicollet clay loam, atrezine had a half-lifs
of 101 and 167 days (Warnock and leary, 1978).

Carbon dicxide production was generilly slow in several anaerobic
solls: sandy loam, clay loam, loamy sand and 811t loam (Wolf and
Marein, 197%; Goswani and Green, 1972; lavy et ai., 1973).

léc-atrazine was stadle in aerobic ground water ssmples incubated for
1S soaths at 10 or 23¢c in the dark (Weidner, 1974).

Atrasine is modezately to highly sobile in soils ranging in texture
fram clay eo Tavelly sand as determined by soil thin layer chroma-
tography (TIC), column leaching, and adsorptica/desorpeion batch
quilibrium gtudies. Atrazine on solil TLe plates wms Lntermediasely
@obile in loam, sandy clay loam, clay loam, silt loam, eiley clay
loam, and giley clay socils, and ws mobile in sandy loam soils.
Hydroxyatrasine showed a low ®mobility i{n sandy loam and siley clay
loam solls (Helling, 1971).

i
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® Soll adsorption coefficlents for 4LP82ine i ¢ variety of soilz were:
sandy loam (0.68), gravelly sand (1.8), siley clay (5.6), clay loas
(7.9), sandy loam (8.7), siley clay lcam (11.6), and peet (more than
2l) (Weidner, 1974; Lavy 1974; Talbers and Fleetcnall, 1363).

® Soil column studies indicated atrazine Yas mobila ia sard, fine sandy
loeam, silt locen and loams intermedistely anbile in sand, siley clay
loam and sandy loam; low to internediazely mobile ian clay loam (Weidner.
1974; Zavy, 1974 Ivey and Andrews, 1964; Ivey and Andrews, 1965%).

* In a mississippi fisld study, atrazine in sils lo4m soll nad a nalf-
life of less than 30 days (Portnoy, 1978). 1In a loea to siit loaam
soll i= Minnesota, strasine phytotoxic residues persisted for more
than ! year and were detected in the saxizsun-depth samples (30 o
42 incnes) (Darwent &«nd Behrens, 1368). In Mebrasks. physotoxic
residues persisted in silty clay loam and loam soills 16 mentns after
applicaticn of atrazine: they ware found ac dapthe of 12 to 24 Lnches.
But aerazine phyeotoxic residues had a half-life of sbout 20 days in
Alabama fine sandy loam soll, although leaching ey partially accounc
for this value (Buchanan and Hilthold, 1%73).

® Under aquatic field conditiocns, dissipation of atrasine vas due to
leaching and to dilution by irriquticn water, with residuss persisting
for 3 years in soil on the sides and bottome of irrigacion dicches,
to the maximum depch sampled, 67.5 to 90 cm (Smizk et al., 197%).

® Ciba<Geigy (1968) recently submitted commonts on the atrazine Health
Advisory. These comments included a summary of the results of ite
studies on the eavircamental fa:e of atrazine. This summery ladicated
that laboratory degradacica studies showed that atrazine is relatively
stable in the sguatic mediwa under enviroomental pd coaditlons and
indicated that atraszine degraded in soil by photolysis and aicroblal
Processes. The products of degradation are dealkylated sactabolitas,
hydroxyatrazine and nonextractable (bound) residuas. Atrazine and cha
dealkylated metabolites are relatively mobils wherees hydroxyatrazine

is immobile.

? Clba<Gelgy (198%) elso indicated that fleld digsipation studies
conducted ia California, Minnesota and Teanefsee show no leaching of
4trasine and sstabolites below 6 to 12 inches of so0il. The half-
lives of atrasise in soil ranged between 20 to 101 days, except in
Xinnescta where degradation was slow. A forestry deqradation study
coaducted in Oregoa showed no adverse effects on either terrestial or
aquatic enviromments. Also, Bloconcentzration studies have shown low
potential for bicsccummulation with a range of 1S e 77X.

+II. PHARMACOKINETICS

Absorpeion

® Azrazine eppeears to be readily absorbed fram the gastrointestinal
tract of animals. Bakke et al. (1972) administered slngle 8.5%53-ag
doses of ‘%-zinq-labolcd atrazine o rats by gavege. Total fecal
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exczetion after 72 hours wmsg 20. 3% of the adninigseered doze: the

Temaladar wes excrstsd la urine (65.5%) or zecained i Tissuas (15.3%;.
Mis indlegees that at lesse 80% of ehe dose vez absorbed.

.Xhan and Poster (1976) obsarved chat in chickenz zhe hydroxy metabo-

" lices of azraszine accumulate ia the liver, kidney, heart sng lung.

Residues of both 2=chloro and 2-hydrony Soleties wers found in chicken
gizzard, incestine, leg muscle, bresage Mmiscle and abdominagl fat.

Metabolliae

The principel reacticas iavolved in the Sstabolise of atrazine are
desalkylation at the C=¢ 4nd C-6 pogitions of the mliscule. There is

Bakke et al. (1972) administered single 0. $3-ug doses of 14c—zing-
labeled atrazine to £8ts by gavage. Llesce than 0.1% of the label
2ppeared in carbon dicxnide in expired aip. Nost of che cadicactiviey
&8 recovered in the urine (6S5.S5¢ ia 72 nours), iacluding at least 19
radicgctive Compounds. More than 80% of the uriszsry radicectivity -

NSobme and Bar (1987) ideatified five urinary metabolitss of atrazine
ia rats: cthe two @onodealkylated astabolitss of atrvazine, their
carboxy acid derivacives 4nd the fully dealkylated derivative. all
of these sstabolites contalned the 2-chloeze group. The in vitre
studies of Mnuterman and Muecke (1974) also found no evidence for
dechlorinetion of atrazine in the presence of rat liver homogenatss.

Similarly, Rradway and Mosemen (1982) administersd acrazine (30,

S, 0.5 or 0.00S 8g9/day) for 3 days to male Charles River rats and
observed thee the fully dealkylated derivative (2-chloro=4,.6-dlamino-
s-triazine) was the E83jor urinary metadolite, with lesser amouncs of

the tws ®ono-N-dgaliylated derivatives.
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° Erickson et al. (1979) doged Pittman-Moore ainiature pigs By gavage
vith 0.1 g of straszine (80W). The 2830r compounds ideneified in the
urise wars zhe parent compound (atrszine) and deethyleted dtrazing
{vtilch concains the 2-chloro subetizuent).

¢ Hauswizeh (1968) indicated that the rae Zetabolism studles taken
tegether are sufficlent to ghow that in the female res dechlorinacion
of the triazine ring and N~dealkylation are the Zaj60r aetabolic
pathways. Oxidation of the alkyl substicusats 4ppears to be & alnor
4nd secondary metabolic route. The tozal body half-iife .3 approxisately
one and one-nalf days. Atraezine and/or ies metabollizes 4pPear to bind
to red blood cslls. Ovhaer tissue sccusulacion does not appear to eccur.

- * Urine appearr to b& the peineipal route of &trazine excretion in

. animals. Fellowing the adminigeration of 2.3 ng doges of 4C-ring-
ladeled atreine by gavage ©o rats, Baxke et al. (1972) reported that
in 72 hour= mcet of the Fadioactivity (§S.3%) wag excretesd la che
urine, 20.1% was excrated ia tne feces, end less chan 0. 1% appeared
42 cazbon diomide in explred air. Aboue 8S vo 95¢ of the wrisarcy

. radicectivity appeared within the firse 24 hours sfter dosing,

indlcatiang rapid clearaace.

¢ Dautsrman and Muacke (1974) have reported that atrazine antebolites
are conjugated with glutathiocns to yield & marcapturic acid in the
urize. The studies of Poster et 2l. (1979) in chicken liver hoso~-
genates 2lse indicate that atrasine sstabolise involves glutathicne.

® ClbaGeigy (19@) studied the excreticn rate of '4C-qerazine frea
Harlen Sprague<Cavley rats deruelly dosed with atrazine diseclved !a
tetrahydrofuren at levels of 2025, 0.295, 2.5 or &8 ®8g/kg. Urine and
feces were collected from all animels st 2¢-hour lntervals for 144
hours. Resules iadicated that atrazine wag teadlly absorbed, and
within 48 hours mcet of the absorbed dose wes excIeted, mainly in the
urine and to a lesser extent in the fecss. Qmulative excretioa in

urine and feces appsared to be directly proporticaal to the adminigterad
dose, ranging fram S2e 4t the lowest dcee to 20¢ 4% the highest dose.

IV. HEALTH EPPECTS

Humang
L%

smnm muro

® A case of severe ccatact dermatitis wag reported by Schlicher and
Beat (1972) in & 40-year-old farm wrker axposed ts atrazine formu-~
lation. T™he clinical signs were rad, swollem and blistered hands
with hemorrhagic bullae between the fingers. Although it Lg noted
that the exposure of echig patient may have been inclusive %o expogurs
to other chemicals in addition to 4trazine, it ls also noted that
&crazine s & skin irritane in animal studies.
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during mid-season Sxposure to herbdbicides than duriag the off-geason '

(no spraying). These &bsrracicas iancluded o four<€old increese :n

. chromecid gaps and a 23=fold inersese ia chromacid breaks. baring

that there s enhanced chromcsomal repair during ehis peariod of zize

= resuleing in compensatory protsctios. However, thege data may not bhe

Feprescntative of the effect of atraziane since the exposed workers

Short-tern Exposurs

Acute oral LDgy values of 3,000 ®3/kg in rats and 1,750 wy/kg in
®ice have been Feported for technmicsl 4trasine by mstmuris (1974);
the purity of che test compound was ase specified.

Acute oral scudies conducted by Clbe-Gaigy (1989) vith atraszine

. (97% a.1.) reflected the following Lhegs: 1,969 B/kg in ravs and
23,000 ag/kg in mice.

Molnar (1971) reported that when &trazine we adminigtared by gavage
tO rats az 3,000 ag/kg, 6% of the racs died within ¢ hours, and 238

- of those remalalng died within 24 hours. ™e rats that died <ariag
‘the firse day exiBibieed pulssnery sdems with extensive hemorrhagic
. foed, cardige dilation and alcroscopic hemorzhages in the liver and ]
- spleen. Rats thae dled during che secoad day had hemorrhegic brencho-

Paeumonie sad dyserophic changes of the resal tubular sucosa. Reta
s&crificed afeer 24 hours hed cerebrsl odane snd histochemicsl
alteraciocns in the luags, liver and beain. It 1s noced thet che dose
u-uuuum,mam.gzxmu” (Cilba<Geigy, 19es).

Geinee aad Linder (19¢¢) deternined the oral LDgy for adult male and
famale rats to be 737 and 672 mg/kg respaectively and 2,310 sg/kg for
Pips. It is, therefore, hoted that young animals are sore sensitive
t0 atrazine cthan adules. Thig study slso reflected that the dermal
LBgg for adult racs wes higher than 2,500 sy/kg.

9r in gelatin cepsules o Dalaine sheep and dairy cscele {cce animal

per dosage group). Twe doges of 250 59/kg atrazine caused deezh in
both shesp and caztle. Sixteen doses of 100 Bg/kg were lethal =o the
one sheep tested. ae fecropey., degeasrstica and discolozation of the
d4drenal glands and coagestion in luags, lives and kidneys were observed.
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16, 23, %0, 100, 230 or 400 ag/kg/day and o cows az 10, 23, S50, 160

of 230 mg/kg/day. The number of eanimals in sach dosage group was noe
stated, gnd che use of coatrols YR8 86t Llndiceted. Observed effeces
included musculsz Spasms, seileed gaiv and Btance and ancrenia ae all
dose lavels in sheep and sz 2% 8g/kRg ia csselg. Secropey ravealed
eplcardial petechiaze ( Skell hemerrhaegic spots on ehe lining of whe
neare) and congestion of the kidreye. liver and lungs. Effaces
4ppeaced to be dose relaced. & hmt*:h«md«mwrn-uuct lavsl
(LOAEL) of 3 Bg/kg/day ia sheep aad g ab-cblonod-ldntlc-tt:ect Lavel
{NCARL) of 10 &g /kyg/day in cows can be ideatified frem this seudy.

4trazine 2o cats had & hypoteasive sffect, and that & similar dege -a
dogs ws antidiuretic and decreesed serum cholinescerase (ChE) activizy,
5 other detalls of this study ware Teportad. Atrazine ls noe an
organophosphats (OP), therefors, its efface on ChE sy noe be similap
to the mechaniss of ChE fahibizica by OPs.

Dum¥0culu Bffeces

' ° In & primery dermal irricacion test in rats, atrasine at 2,800 mg/kg
produced erythema But no systefic effects (Gaheyoeskiy ee al., 1977y,

® Ciba<Gaigy (1968) indicated that the studies it performed reflected

dernal seasitizatics in Pats but not irritavies in Tabbits® eyes.

long-ecerm l_xm

® Hazelton Laboratoriss (1961) fod serasine eo fale and female rats for

' 2 years at dietary levels of 0, 1, 10 or 100 ppm. Besed cn the
diecary assumptions of Lehman (1989), chess levels correspond to
doses of Spproximstely 0, 0.03, 0.350 op 5.0 mg/kg/day. afrer 6%
“weeks, the 1.0ppm doge wma incressed eo 71,000 P (30 mq/kg/day) for
the ressindsr of che study. Mo treatment-related pathology was found
4t 26 weeks, at 52 weeks, at 2 ysars, or in animals that died and -
vare necropeied duriag the study. Mesults of blood and urine analyses
Yere® uaremaciable. Atrasise had so effects oa the general appearance

pllmm“ehwmmm afrer 20 weeks of traatesnt
4% the 10- gad 160-pgm levels bue nct as 32 weeks. Body welight galns.
fond consumption and survival were similar im all groups for 18 :
"SRehs, but from 18 co 24 Bonths there was high sortalicy dus to
iafections (noe attributed to atrazine) im all gToups, including
controls, which limics che usefulness of this study in detsraining a
NOAEL for the chrosie toricicy of acrazise.

® In a8 2-yesy study by Woodard Research Cozporation (1984), acrszine
(80W formulation) was fed o aale and femals bsagle dogs for 105
“saks at distary levels of 0, 18, 150 or 1,%00 piB. Besed om the
dievary fasumpeions of Lehman ( 195%), these lavels cocrespoad to
doses of 0, 0.35, 3.5 op 33 sg/kg/day. Survival taces, body walghe




P T T

006,37

98in, food imeake, behawiar, appearancs, hemaeologic findings,
urinelyses, organ wighes and hiseelegic changes were notad. The
1Soppm dosage (0.3 B3/kg/day) produced ne toxicity, bue che 1500
dosags (3.8 Bg/Rg/day) caused g decrease ln fond latake ag w3ll ae
iacrsesed hesre and liver “Bighe in Pemaleg. in ehe group teceliviag
1,300 pem (35 sg/kg/day) acrazine, there ware decrasses in foed
intaks gnd body wmighe gainm, an ingrsase i ddrenal weighe, a
decrease in heBsatosrit sad occaslional etremors ap 8tiffness in eng
rear liabs. Thers ware ao differences tBpng the differsnc groups in
the histoleqy of =ne efgans studied. Based oa these results, g WOAEL

n’-

In & study by Cha-Galgy (1987h) veiayg cechnical avrazine (97% ai.;,
siz-moneh~nld beagle dogs were assiqned Fandomly te four dosage
gEoupss 0, 135, 150 and 1,000 ppm. These doses corzespond to sesusl

~ 4verage intake of 0, 0.48, 4.97 and 33.6%733. 8 (anle/famale) ag/Rg/day.
- 8in animals/sen/group were 4ssigned to the coasrol ang bigh dose groups
. and foup mhala/nz/gtoup YOrs aasigned to the lowe and mid-doge

walight gains and food consulipeion were Boted at the high-doge lawal,
»suu-ucuxy elgnificane {(p <0.03) zeduceions in erytiroid parsmecers
(red coll coune. hemoglobla and husatosrie) in high-dose males wers
noted chroughons the study as well as mild laceesses in platslse
cnts in both sexes. 3lighe decreasss ia total protein and slbunin
i € 0.93%) wvare noved in high-dose males 48 wall 28 decreased calelum

a8 this study was refleceed in whe Righ-dose animals of both sexes
48 discrete aycasdisl degeneracica. Cliniesl signs 2ssocleted wien
cardiae pachology such ag ascites, cachenia, labored/shal lew breaching

ippearsd to be effeceed with the cardiae syndrame but to a much lezsser
d83ves in the incensicy of the aoted responses. Therefors, the LOAEL
ia ehis study is 4.97 Bg/kRg/day and the HOARL is G.48 &g/kg/day.

A two ysar chroaic t-oﬂng/oncoqanicity study (Ciba-Geigy, 1988) BB
Fetsnlly evalusced by the Ageacy. 1In this study, technical atrazine
(98.98 3.1.) wag fed eo 37 vo 38 days-old Sprague-Davley rats. e
dosage levels used were 0, 10, 70, 3006 or 1,00¢ PP®, squivalent to

Paramecers and climiecagl chemiseriss and urinalysis. Fifey rats per
3ex per goup were #aintained on the trasted and coasrol diees for

24 monehs. Aan additional 10 racs Per sex were placed om conerol and
high dese (1,000 PP®) diets for a twelve Bonth interim sacrifice and
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" amother 10 per sex (coatrol and high dese, 1,000 ppm) for a 13 monex

: sacrifice (che 1,000 ppm group was placed om consrel diet €5z sna son=n

- prier ro sacrifice). The total number of animsls/sex in the control

and HOT groups was % and 70 for the 10, 70 and S00 ppm JroupR. Histo-
patholegy wms performsd on all anizmals. Ac che sid- sad high~dass,
thers wvas & decrsase ia =sen Body weights of males and femsles.

- Survivel wes decreased in high-dose femsles but lncressed ia high-~dose

neles. Thers vers decresses La orgRa-to-body waight ratics ia high-dose

- animals, which were probebly the resule of body walght descreeses.

Hyperplastlic changes in high-doee males (asmmary gland, bladder and
Prastats) and females (ayslolid tlssue of beas 2arrow and tramsitionsa)
epithelius of the kidney) ware of questionable tomicelogic imporsance.

There was an ‘ncresse in reelsnal degeneration and ln centrolobular

necresis of the liver ia high-dows females and an lacreass 2a

- degenerstion of the rectus femoris suscle in high=dose males and

fesnles when compared to controls. Besed ca decressed body wesignsz
gaia, the LOAEL for noa-oncogenic activities ia both sexes s

23 mg/Rg/day and the MORRL is 3.8 ag/kg/day. However, oncegenlc
aceivities ware noted at 3.8 ag/kgsday (78 pegm) and above as reflacted
in the lacressed lacidence of semmary gland tumors in females.

A recant 91-week oral fsedling/oncogenicicy study in mice by Ciba-

Gelgy (1987¢) has bsen evalusted by the Agmmey. In ethis scudy,

acrazine (97% al.) was fed to five-wseks-old ChD-1 gerain of miece,
wvelighliag 21.0/26.8 grams (female/malel. e mics wers eandamly
assigned to five aeuperimsnctal E@oups of approninately €0 amimsls/sax/
gresp. The dosege tested ware 0, 16, 300, 7,300 asd 3,000 ppm;s these
dosages correspond to actusl =san daily incake of 1.4, 3848, 19.0 and
31835, 7 mg/Rg/day for males, and 1.6, 47.9, 266.9 and ¢&3.7 ®8g/kg/day

for females. This study shows that thers are dose-related effects

az 1,300 ppm or 3,000 ppm atrazine:s am incresss in cardiac thrembl,

a deczesss ln the =maen body welght oalsn at 12 and 29 waeks during she
study, and decreases 1o srythrocyts comat, hesatocrit and namoglootn
concentration. Cardlec thrombi costsilutsd to the dearhs of the

group of mice that did not survive to cermimsl ssceifice. The LOAEL

iz sz at 1,300 ppm besed upoe dacresses of 23.9% snd 11.0% in mean
body waight guin found at 91 weeks in male and ‘emale sice, respectively.
Also, an incresse in the incidence of cardiae thrombi is foupd in
female aice im the 1,300 ppm exposure fEoup. ne of vhe a*.. v affecets
are found at 300 ppm, thus the HOASL is sec az 300 pgm (cozzasponding
&5 384 sg/kg/day in males and 47.9 Bg/kg/day for femalas).

Reproductive Bffects

A thres-generation study on the effeces of atrazine on reproduct lon

in rets wms conducted by Woodard RMmssareh Corporatics (1963). Groups
of 10 aales and 20 females recelved acrasine (80W) at dietazry levels
of 0, 50 or 100 ppm. Based on the dietary sssusptions thaw 1 ppm 4n
the diet of rats is equivalenz to 0.08 sg kg/day (Lehman, 1939), Shese
levels correspend to doges of spproximactely 0, 2.5 or § ag kg/day.
Two litters wers producsed per generatics bue parental animals were
chosen fram the second litter after wesanlngy for sach generatlion.
Young rats were @saintained on the tesz diets for approximatsly ten
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vesks in each generation. The third generation PuUpS ware sacrificed
after weaning. It i3 noted =hae the parental animsle of the firse
Jeneration were fed only hal? of che dletary atrazine levels for zre
firat ] weeks of exposure. There were no adverse effects of &trazine
oR rsproduction observed during the course of the three-generation
study. A MOARL of 100 PPR (S mg/kg/day) vas idencified for enig
study. However, the usefulaess of this study i3 limited fue mo the

alceration of the utrazine coatent of the dise during laportant
JMLuracion pericds of the necnates.

wlla

A recent two-generations study in rats by ClbaGelgy (1387a) was
conducted using che 97% ai. zachnical atrazine. Young rats, 47 zo
48 days old were aaincained sa the control and test dlers for 10
weeks before mating. The soncantrations used wers 9, 18, S0 and

500 ppm (equivelent zo 0, 0.5, 2.5 and 28 Bqg/kg/day using Lahman ,
conversion factor, 1959). Wmizey cn&nls/tnx/q:enp ware used in gach
generations one litter ws produced per generation. The level tested
had no eaffece oa sortalicy i either generatios. Body waight and
body weight galns wvere significantly depressed {p <0.035}) aec the
highest dosar however., food coasmption wes alse decraised &t this
high-~dose level in parental meles and females duriag the premacing
period and for the first generation females (24) on days 0 to 7 of
gestation. Mo higtopathological effects ware notad nor other effects
vere noted during gross necropsy in eithaer perental guneration with
the exceptiocn of increased testes relative weight ia boeh generationa
4t the high doge. In pups of both generatica, Sigaificant reduction
(p <0.05) in body weight was noted; however, this effac: was only
doge-related in the second generation (P2) at both the mid- andg
high-doge lewels oca postnatal day 21. Tharefore, sster=sl toexicizy

NOARL is 2.5 Bg/kg/day: the reproductize LOARL is 2.8 sg/kg/day
(reduced pup weighe in F; generation ca postnatal day 21) and the
NQOARL !s 0.3 s8g/kg/day.

cevelopmentsl Effects

¢ In the three-gensratica reproduction study in rats conductad
Woodsrd Masearch Corporation {1966) (described ehove), atraszine at

diezary levels of S0 or 109 PO (2.5 or S mg/kg/day) resulted ia no
observed higeslegic changes ia the weanlinge ead sc effects oce fetal

resorpeioa. b melformatione were cbserved, and weanling organ
weights were similar 1n controls and atrazina=resated animals.

» & WOARL of 100 ppm 3 89/kg/day) was also {dentified for
developmental effects !n this study. Hovewer, the usefulness of chis
stuly is limited due to an ulteration of the &trazine coatent of the
diet during imporzant saturstion pericds of the necnates.

Atrazine w3 sdminigtered erally to pregnant rats cs Festation days

6 co 15 ae 0, 100, $09 or 1,030 aq/kg (Ciba<Geigy, 1971). The two Nizner
dosas increased the number of mbryonic and fetal deatks., decreased

the asan weights of the fetuses and retazded the sksletal development. -
No toratogenic effects were obeerv.d. The highest doze (1,000 Bg/kg;
regsulted ia 23% maternal sortallity and various toxic sywptoms. The

100 msq/kg dose had no effect sn alther dams or sabryos and ls therefsare
the matermnal and fstotoxic NGARL n thig study.
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¢ In a study by Ciba<Gelgy (1 9842), Charles River FALS received atrazine
(97%) by gavage on gestation days 6 to '3 at dose levels or o, 10, 70,
ar 700 Ag/kg/day- Excessive maternal moreality (21/27) was roted gc

700 Rg/kg/day, but no Sortality was noted ac the lower doges; also
reduced weligne gains and food consumption were noted at both 70 and
700 ag/xg/dny. Qavelopmantal toxicity was alse present at these dose
levels. reocal veights were severely reducsed az 700 "y/kg/day; delays

runting was noted at 10 ng/kq/day and above. The NOAEL for maternsl
toxicity appears to be 10 Rg/kg/day, however, this is also the LCABL

for developmental effects.

* MNaw Zaaland white Tabblits received atrazine ( $6%) by gavage on Sestation
days 7 chrough 19 ae dose levels of 0, 1, § oF 75 mg/k9/day (Ciba<Geigy,
(1984b). Maternal toxicity, evidenced by decroased body velight gains
and lood‘eouupuou. Was preaant in the mide 4nd high-doge groupe.
Developmental toxicity was demenstrated only atc 78 8g/%q/day by ar
increased resorption rate, reduced fetal woights, and delays in
ossification. i taratogenic effects were iadicsted. The NCARZL

4ppears to be 1 =g/ Rg/day.

® Peters and Cook (1973) feq atrazine to pregnant raes ( four/group)
et levels of 0, 30, 100, 200, 300, 400, 500 or 1,000 ppm in the diec
throughout gestacion. Bagsed on an assumed body weighe of 300 ¢ and
a daily food consumption of 12 ¢ (Arzingeon, 1972), these levels
correspond to dpproxisately 0, 2, 4, 8, 12, 16, 20 or 40 Bq/kg/day.
The number of PUps per litter ws eimilar ia all groups, and there
were no differsaces in weanling veights. mig study identified o
NOARL of 40 aq/kg/day for developmental effects. In another phase of
this study, the authors demonstrated that subcutaneous (sc) injections

of 50, 100 or 200 Bg/kg atrasgine on gestation days 3, 6 and 9 had no
effoct ca the liteer size, while doses of 1800 89/kg were embryotoxic.
Therefore, a WOARL of 200 mq/kg by the sc ctoute was {dentified for

embryotoxicity.

Huta cie

¢ logpriesc st al. (1965) reported that siagle dogces of atrazine
(1,000 ag/kg ar 2,000 ng/Rg, route not Specified) produced bone marrow
chromoeomel sberrations in the scuse. ¥ ocher details of this study
vere provided.

¢ Muraik and msh (1977) Feported that feeding 0.01% atraszine to male
aster larvae significantly increased the rate of
%‘t and sex-linked recessive lethel mutaticas. They stated,
however, thag dosinant lethal induction and Penetic damage say not be
directly related.

® Adler (1980) reviewed unpublished work on atrazine mitagenicicy
carried out by che Environmental Research Programme of the Commissioa
of the Buropean Communitcies. Mutagenic activity wes not induced even
vhen zmmsslian liver enzyres (3-9) were used; however, the use of
plant aicrogscass producad positive results.

Algo, in in vivo studies
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in aice, atrazine induced dominant letngl mitationg andg incresased cne
frequency of chrometid breaks in bone SArrow. Hence, the authoe
Suggested that activation of atrazine in mammals acecurs independently
of the liver, possibly in the acidic pare of the secmach.

ol Je

* As dascribed previcusly, Yoder et al. (1973) seudied chromoacas)
aberracions in the lysphocyte cultures of farm workers exposed co
varicus pesticides including atresine. During aid-seasen a 4-€old
-ncrease in chromatid Jape and & 23-fold increase in chrosatid breaka
8% observed. Ouring the off-geanca §.7- Spraying), the number of
Japs and bresks was lower than 1ia centrols, suggesting to the authors
that there is enhanced chromosomal repair during che unsxpoged pericd.

* Rscently, Spencer (1987) and Onarfleid (1988) evaluated several ia
vitro and i vive sutagenicity studies on atrazine that ware Tecsantly
submitted to the U.S. EPA by Ciba-Geigy. They acted that most of
these studies wmre inadequate with the exception of the tollowing

three tests: & Salmene la assay: an B. coli reversion as8ay; and
Host-Medlated assay. The firsc cws 48says wers aegative for mitagenic
effects; the results of the thizrd assay were equivoecal.

® Ciba-Geigy (1988) L{ndicated that Brusick (19¢7) evaluated atrazine
satagenicity aad that the weight-of ~evidence analysis he uged placed
the chemical in @ aca-mutegenic status. The Agency {Dearfield, 19¢8)
evaluaced 3Srusick’s analysis. Iz i3 noted zhat the use of the waight-
of-evidence epproach is not 4ppropriate ac the present time. The
in vivo studies by Adler (1980) suggust a positive response. These
findinge have not been diminished by other atrazine studies. In
addition, Dsarfield (19¢8) indicated that the scheme used by Brusick
in this analysis is flawved by the lack of calibration of the chemical
test scores to an external standard and by the use of tone studies
that are considered inadequate by design to determine the mtagenic
potential of atrazine.

Carcino&citx

¢ Innes et al. (1969) invescigated the tumorigenlcity of 120 test coam~
pounds Llehldl.a’ &tragzine ia mice. ™™o P4 hybrid stoeks (CSML/S x Ang)
Py, and (CSML/EG x AERR) Py ware used. 1 dose of 21.8 2q/kg/day was
administered by FEVage to mice of both sexes frem 4ge 7 to 28 days.
After weaning et ¢ woeks, this dose level was maintained by feeiing
82 ppm atrazine &4 libitum in the diet for 18 months. The incidence
of bepatomms, pulmonary tumors, lysphomes and total tumors ia avrazine~
troated aice wmg noe significantly differenc from that in the negative

¢ A two-year tnod&aq/oneoquucity study in racs by Ciba<Geigy (1986)
as been evaluated receatly by the Agency. aAtraszine (98.9% a.i.}
vas fed to 37 o 38 days-old Spraque-Dewley rats. The dosage levels
ussd were 0, 10, 70, 500 or 1,000 ppm, equivaleat to g, 0.5, 3.8,
25 or SO 89/kg/day (using Lehman's conversion factor, 1959). The
total number of animals/sex in the contrsl and ADP groupe wie 90;: and
70 anhall/l‘ﬂgreup for the 10, 70 and %00 PFR groups. Wistopathology
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wes performed on ell animals. In fesales. atrazine vas 4880Cra%e2 wizn
4 statistacally significant increase in sammary j:iand tibroadencmas

. 4t 1,000 ppe. i1n mammary gland adenocarcinomag caCluding twe carcinge
Sarcomas at we KDT) at 70, 500 and 1.000 ppm, and in total sammary
71and tumor bearing anisals at 1,000 PPR. Each of these Lacreases
wvis associated wrth 3 statisctically signmificant dose~ralated crand
and was outside of the high end of cthe Rigtorical conerol Tange. Ia
addition, U.S. EPA (1986s) indicaced that thers vas evidence for
decreased latency for AaEsary gland adenocarcincess acz the 2 sonszn
ingerie sacrifice that wag already subeitred by Ciba<-Geigy in 198%.
This study was also repocted &8 positive in g briefing paper by ‘
Ciba~Geirgy (1987). . )

* R recent 31-weak oral feeding/oncogenicaty study in mice by Ciba-
Geigy (1987¢) has been evaluated by the Age: « Ir this study,
atzazine (978 ai.) wvas fed to five-veeks-old CB-1 mice veighing
21.0/26.8 grams (femsle/aale). The mice were randomly Assigned to

- five experimantal groups of approximately 60 animals/sex/ group.
The dosags ::sted were 0, 10, 300, 1,500 and 3,000 PPS; these dosages

. Gorrespond t3 actual mean daily intake of 1.4, 38.4, 194.0 and 38%.7

 mg/Rg/day for malas, and 1.6, 47.9, 246.9 and ¢82.7 59/kg/day for
fensles. The following xinds cof necplases were noted in this scudy:
Zammary adenocarcinomas, adrenal adenouss, Pulscaary adencmss and
aalignant lywphomas. However, no dose-related OF statistically
significant increases were observed in the iacidencse of these
nscplasas. Thersfore, atrazine 18 not considered ocacogenic in this

strain of aice.

V. QUANTIFICATION OF TOXICOLOGICAL EPPECTS

Health Advisories (¥hs) are generally determined for cne-day, tan-day,

ionger-cerm (up to 7 yoars) and lifecisme sxposures 1f sdequats data are
available that identify a sensitive faoncarcinogenic end point of toxicity.
The HAs for Roacarcinogenic toxicants are derived using the followang formula:

n.(“”“)!(.).- /L ( @ )
(wp) x (___ L/day) s T

where:

MOARL, or LOAEL = No- or Laust-oucrwd-hdv-ru-utcct Lavel
in =g/kqg dw/day.

BRI = aggumed body weight of a child (10 kg) or
4n adult (70 kg).

UP = uncertainty facter (10, 108, 1,000 or 10,000)
iR accordance wvith EPA or MAS/00M quidelines.

L/day « assused da: ly wvater consusption of a child
(1 L/day) or an adulz (2 L/day).
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Mo suiteble informatica was found in the availadle literature for tne

m'.m of the Cne-day HA value for 4trazine. It ig, therefore, racom-
aended that the Ten=day HA value calaulated below for o 10-kg child of
0.1 /% (100 ug/L}, be used et this time as & conservative estimste of the

One-day NA valug.

Ten=day Healthr Advisory

Two teratology studies by Ciba-Gaigy, one ia the rat (1984a) and one ia the
zabdit (1964b), were considered for the calculation of the Tea-day HA value.
The rat study reflected & NQARL of 10 &g/kg/day for maternal toxicity bue ewhig
value wae also the LORZL for developmantcal toxicity waile the rabbic scudy
reflected MOAEIQ of S ®g/kg/day for developeaacal Cexicity and 1 Rg/kg/day far
zaternal toxicity. Thus, cthe zebilt appasrs to be a re sensitive specles than
the zat for maternal toxicity, hencs, the raizdie study wvieh & MOARL of 1 ag/kg/day

{3 used in the calculacions below.
The Ten~day HA for a 10 kg child is calculated balow as follows;:

) d) = (10kq) . g.1 {160
(100) = (1 L/day) mec i

vhere:

! mg/kg/dey = MCARL, based on maternal toxicity evidenced by decreased
bady welight zain and food congsumpelon.

10 kg = assumed body weight of a child.

160 = uncertaiaty facter, chosen in &ccordance with EPA or
OOM/XAS gquidelines for Use with a MORBL from an anizal

seudy.
'U&y-uu.ddnuycmupuou!orcchud. '

B suitsble iaformstion was found ia the availabdle literaturs for the

determingtise of the lcager-term NA value for &trazine. It is, therefore,
recommended that the adfusted OWEL for o 10-kg child of .08 ng/L (S0 ug/L)
ard che OWER for a 70<kg adule of 0.2 ag/L (200 ug/L) be used at this cise as
conzzsvative estimstes of the longer-cerm HA values.

Lifetime Health Advtl_o_!z

The Lifetime NA Tepresents that portion of an individusl's total axposur
that is attribyced to drinking weter and is considered protective of noncar- .
¢lnogenic edverse health effects over a lifetime e&pogure. The Lifetime HA
is derived in ¢ three-wtep process. Step 1 determines the Meference Dose
(RED), formerly called the Acceptable Daily Intake (ADX}. T™he RfD i3 an esc:-
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Rate of a daily exposure to the human population that {g likely to be withoue
appreciable risk o deleterious offects over a lifetinme, and ia darived from
the NORAEL (or LOAEL), identifled from & chronlc (or subchronlic) study, divided
By an umcartalacy factoz(s). From the RED, a Orinking weter Bpaivalent Zgvel
(OWEL) can be determined (Step 2). A DWEL i3 a asdium-gpecific (L.e., drinking

vater) lifetime exposure level, assumiag 100
which adwverse., noncarzcinogenic health effects would not he expected %o oecur.

The OWBL s derived from the asultiplicatios of the RED by the aseumed boay
weight of an adtult and divided by the agsumad dally wmter consumption of an
adulz. e Lifstime HA igs deterained 1a Step 3 by factariag in other SOUTCEs
of exposure, the relative scurce contribution (RSC). The RSC from drinking
weter .z based on actual axposure data or, Lf data are nct avallable, a

value of 20% is assumed. If the contaminant is classiffed as a Group A or B
carciacq.n. accordiang to the hgency’'s classification scheme of carcinogenic
Potential (U.S. EFA, 1986b), thea caution sheuld be exercised in asseseling the

risks associated with lifetiss exposure to this chemical.

Three studies were considered for the development of the Lifstine Ha. 2
two-ysar dog feeding study (Woodard, 1964), & ond-year dog feeding study Ciba-
Geigy., '987) and a two-year zat oral !«cu.uq/eneoqguet,ty study (Clba<Geligy,
1986) .

The first study in dogs (1964) reflected a WOREL of 0.3% RQ/kg/day and o
LOARL of 3.8 Rg/kg/day that wes assoclated with incrsassd heart ang liver

wvelights in femmles. The new one~ysar dog study (1948) reflected & NOARL of
0.48 mg/kg/day and a LOAEL of ¢.97 89/kg/day based oa mild cardiac patholegy

intensified at the higher dose tested 33.65/23.8 (male/female) ng/kg/day.
The two-year rat study (Ciba-Gelgy, 1988) reflected a WOREL at 3.3 ag/kg/day
for systemic effect other than oncogenicitys however, thig study indicated
that atrazine caused Raamary gland tumors at this doge level and above, mo
ddverse effects were cbeerved at the lowest dose tested, 0.5 mg/kg/day.

The 1964 dog study wase inizially used for the calculation ef the RED and
the Lifetime HA. However, this study wes partially flawed by the lack of
information on the purity of the test material ind by the inedegquate document-~
ation of the hemstological dats. Therefore, the recest cne-year dog study
(Ciba<Geiqy, 19870), usiag techaical atrazine (97% ai.), is considered as a
Sore sdequate stuly for the calculation of =he AFD and the Lifetime NA. The
NOGARL in this study, 0.48 B»g/Rg/day, is also supported by the WOREL of G. S
8q/kg/day ia the two-ganeratica reproduction study (Ciba<Geigy, 19€¢7a) aad by

the two-year chcomic foedirg/cacogenicicy study in rats (Cibe<Geigy, 1906).
(Other stwdlies: wWoodard mesearch Corporation (1966) and Nazelton Laboratories
(1961) idameifisd long-term NOAZL values of S to S0 Bg/kg/day and vare not
considered to be &8 protective as the dog studias for use in calculating the

HA values for atTazine. )

Step 1: Determination of the Reference Dose (RED)

RED = 0:48 ug/kqg/day . g gg5 ag/kg/day

(rounded from 0.0048% sq/Xg/day)

(100)
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where:
0-48 2g9/kg/day = NCAZL, based on the absence of cardiac pathology
er any othes/adverse clini + hematological, big-
chemical and hisecopathological effects in dogs.

100 = uncertalney factor, chosen in sccordance wvith

Scep 2: Oeterminstion of the Orinking Water Equivalent Level (owEL)

OwEzL = (9:0048 ag/kq/day) (70 kq) . o, 168
(2 o ®g/L (200 ug/L)

wvhere:
0.0048 Bg/kg/day = RED (befors tounding off eo 0.008 mg/Rqg/day)
70 kg = asgsumed body weight of an adule.

2 L/day = assumed dally weer consmmption of an adule.

Step 3t Decermination of the Lifetinme Health Myvigseory

10
where:

0. 168 mg/L = DUEL (before rounding off to 0.2 ag/L)

20% = asgumad relative SGurcs coatribution
fram vater.

10 = additional ancertainty factsr, according

to OlM policy, to accoumnt for possible
carcinogenicity.

Evalustioa e Potential

© A stedy submitted by Ciba<Geigy Corpocatica (1906) in support of the
pesticide reglstration of Atrazine indicated that atrezine induced an
iagreesed incidencs of RAREATY tumors io female Sprague-Caviey racs.

¢ Atrazine was noe oncogenic in m:ice (Ciba<Gelgy, 1987%).

® Three closely related analogs: propaszine, terbutrya and simazine are
presently classifled as Group C oncogens based on an increased incidencs
of tumors in the sams target tissue (mammary glend) and animal speclies
(zat} as was noted for eatrazine.
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® Applying che criteria described in EPA’s guidelines for sesesmment ot
c¢ereinogenic risk (U.S. EPA, 13g¢6b), dcrazine mey be claseified in
Group C: possible human carcinogan. mmig category Ls used for
substances wieh J.f‘:.ttod svidence of carcisogenicicy in Animgls in mne
7 ]

factor of 1,300 vag employed in calculation of the ADI frem thae
study, since enly limited daca wore aveilable. he tesulting value
(0.021 2g/kg/day) COrrasponds to an ADI ©of 0.73 mg/L in o 70%g adule
coasuming 2 L of wWter per day.

e Tolerances for atrazine alone and the cambined residues of atrazing
4nd its sstaboliceg ia or on weriocus T&w agricultural commoditiee
héve been established (U.s. EPR, 19@6c). These tolerances Tange from

0.02 ppm (negligible) 1a animal products {msat and msac by-products)
to 15 ppm in werious animal fodders.

agthod, approximetsly 1 L of sample is extracted vith asthylene
chloride. e extract ig concentrated and the compounds are separstaed
using capillary columm ac. Neasurement ig mede usiang a aitrogen
Phoephorus detector. T™e msthod hes been validated in o single tabora-
tory. The astimsted detection limie for the analytes in thig sathod,
iacludiag atrazise, 1s 0.13 ug/L.

VIII. IREATNEWR TecEmroarys

° Treatuent technologles which vill remove atrazing from water include
&ctiveted carbon adsorpeion, ion exchange, riversge ommaoels, ozone
oxidation ang ultraviolecs ~cradiation, Ceavencionsl treatment zethods
have been found R0 be laeffective for the removal of atrazine from
drinking wvater (BSE, 13584, Miltner and Promk, 194%). Uimited daea
sSuggest that asrstion would not be effectiwve in atrazine removal
(ESE, 1984, Miltaer and Pronk, 198%).
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Veter treamment plane, Feduced acrazine levels by 30 ¢o €4% in eng
Seter from the Sandusky River. ae Jefferson Rrisn, Loulstana,
Lykine et al. (19e4) Feporzed thee an sdsorser coatalning 30 iLacnes
Of Wrstvaco WV-Ge 12 x 40 @AC removed Atrazine to levels below

le limics for over 190 days.

Ag zhe Bowling Green, &io wacer tresatmene Plane, mac 1a combination
wizh conventiongl treataent 4chieved 4n tverage teduction of 418 of
tha atrazine in the water frog the Maumge River {Beker, 1983).
Xlzner ang Fronk (19g8%) Teported thae {n Jar teges using spikeq
" Chis River YBEer with the 4ddition of 16, 7 and 33.3 ag/L of mac and
. 15-20 ag/t of alum, mac famoved 64 gng 2de, :npceunly. of che

: 1 gher

- Applied ae dosages ranging from 3.g o 12 ag/e, the PRC achioved 1%
o 318 rasoval of atrazinag, with Nighgr Perzant remsvely again

reflaceing Ligher Pac desagua.

- ‘Harris and warren (1964) reporteq that Aaberlice IR~120 carion Sxchange
‘tesin removed étrazine from 4quecus eclutica to less than detectable

levels. Mrner and Adams (196¢) Studlied the affece of varying pit on

different cation and enion exchenge resing. A & pE or v, 2, 5%

F@Boval of etrasine Y24 achieved with Covex® 2 anien exchange resis
4nd with H,20,° 43 tna eXchangeable lon species.

Milemer ang Fronk (198%) Studied the oxidation of 4trazine wien
O%cne in both spiked distilled ana JTound wacer. Wrying doses of
Ozone achieved o 708 removal of atraszine i{n digstilled water and 49 vo
768 removal of atrazine ia ground w_tar,

time seeded for ultraviclee irradiazion o achieve 30% Temoval wvag
almoge triple the timg required to achieve similay feacvals withoue
the presence of fulvic acids. Siace fulvie 2cids will be pTesent in
surfacs wters, ultravioler iTradiation BRY not be g Cost-wffective
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Guideline Series: 81-3

Reviewed by: Hank Spencer
Secondary reviewer: R.B. Jaeger
Date: 4/25/83

See MEMORANDA: "Atrazine Registration Standard™ (Tox. Chapter
dared 3,25/83).

-
.

LA N IR JIt R vl
Marion Pf Copley,..D.V.M. sDate

-

l DATA EVALUATIOR REPORT'

CHEMICAL: Atrazine ' JOX. CHEM. NO.: 63
STUDY TYPE: Acute inhalation - rats

MRID NUMBER: 0002795 0K, DOC.: 1983 Tox Reqg Std
SYNONYIIS: Atrozina, Tecnica

SFONSQR: Industria Prodotti Chimici

TESTING FACILITY: Hazleton Laboratories America, Inc.

TITLE OF REPORT: Acute inhalation - rats
AUTHOR(S): Frederick I. Reno
STUDY IRBER(S): 915~100

REPORT ISSUED: April 1, 1975

CONCLUSION: AILDgg for the nominal is > 167 mg/L
AILDgg for actual exposure can not be determined.

Core Classification: 1Invalid for the reasons noted in the
discussion.

LLISCUSSION: This study and the original DER have been
reevaluated and the study reclassified as core-invalid due to
inadequate methodology, including, but not limited to the
tollowing:

Particle size was not determined, actual exposure to compound was
not determined, atmospheric concentrations were not monitored.
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Acute Inhalation - Rats '.q_‘ : U G k
Hazleton Lahorataries America Inc. - met oo &
Proiecr 29.3 - 1¢C pated: April 1, 1975 ;;f_\\ Ny kem LT
MRID: 00027095 ) J

Materia! Tested: Atrozina, Tecnica, {atrazine technical)
{purity not stated).

Animal Tested: "ale alhino rat (254 g - 308 g).

10 male rats were exposed to a single dose of 167 mg/L
(nomina! cene.) for 1 hr. in a 38L glass chamber. Air delivery

was 10 L/min.

The racs were housed individually during exposure.

B e and

Sacrificed on the 15th day after 14 days of daily observation.

Results:

Clinical signs - hypoactivity: excessive salivation; eye;
rose, mouth fischarce. At 2 days post exposure a slight brown
crust exhihited around eyes, nose, mouth by day 4 signs had
disappeared.

LCgg > 167 me/L 1 hr. (nominal)

) Minimum. Purity of the technical grade is known to tbe
95% a.i. cr greater.
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[ 2 ) 's UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
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e

WASHINGTON, B.C. 30460 0 0 6 9 3 7

« emopugn *& W o CER ¢ SUDERRIYRER SRR

0028,'6

Dates June 17, 1982

o soupre

subject: EPR Registration Bumber 201-411 - !
©  egchaicsl Atrazine . :

m: Deloris T. enmlo‘ﬁ/ 6/.77/1'3 y
- rEe/mS w 6’/1*-‘?-‘- :

Tos - Sobert Taylor
. Product Mansger (25)

. Applicantt Shell il Crmpany
Suite 200
. 1029 Coanecticut Avenus, W
washiugton, DC 20036

" Active Ingreilent:
Atzragine ‘2-chloro—i-¢ thylee=ine
C-Llogmluhw'l-tmm- 0008098080000 OBROD PYY XL XXX KT o.”‘

..'o‘t“ c“;mﬂd'o-;-oonoootc.oc..oocc--ootoo..o.o..ooooooo-oon.'oos‘
Background: Submitted & compszative Skin Sensitization Study to provide valid
3ats to be subs®ituted for the irvalid skin sensitization data praviously
submitted. Study conducted by WIL Pesearch Laboratsries, inc. Data not
sccessioned. Method of support not indicated.

fscommendstion

(1) vHB/TSS finds these dsta acceptable to support conditicnal registration of
this producte.

Labels

{1) No additional label commentss

Reviews

(1) Comparative Skin Sensitization using Technical Atrazine {(Code 7-15=-0-0)

VvB-304-398 and {(Code 7-14-0-0) 2401-143); Project PWIL-1214-78; March 21,
1979,

procedure: Test groups consisted of 5 M and 3 ¥ quinea pigs and 4 contrel
aroups consisting of 3 M and 2 P guinea pigs in two groups and 3 ¥ and 2 ¥ in
¢the other two groups. gach of the 1l groups received one of the following
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treatments: Vehicle Contzrol = 100% ethanol; Positive Contrul -~ 0.1%, 2.4
dinitrochlorcbenzene im ethanol; Technical Atratine (Code 7=1%=8-0) 108 w/v
sclution in ethanol; Twchnical Atrezine (Code 7T=14=0-0) 16% w/v soluticm in
sthanol; Vehicle Contzel = distilled water; Techalcal Atrazine (Code 7=15-0=0)
nealrritating slurry with waters Techmicel Atratine (Code 7<14-G-0)
nonirritating slurry with waters Technicel Atragine (Code 7=15-0-0) 18% w/v
solution in ethanol; Techaical Atrasine (Code 7=14-0-0) 1% w/v in ethenol;
Techaical Atrazine (Coda 7-15-0=0) nonirritating slurry with weter; Tschnical
Atzazine (Code 7-14-0-Q) nonirritaciag aluzrry with wster. There were three
sensitizing doses givem topicully on shaven areas, once per day for three
congsecutive days. Following & four day rest period after the last sensitizing
dose, the challenge dose was administered. A 6.5 ml or 0.5 ¢ dose of the
appropriate materizl was used. Obsecrvation made 24 hours sfter the fivrse
sensitizing dose and after the challenge dose.

Regulte:

Vshicle Control Growp 1 - 1008 Ethanol

Pour quinea pigs exhibited slight erythema, five exhibited minimsl
erythema, and one exhibited no response to tha applicaticn of the sensitizing
dose. Five guinea pigs exhibited slight erythema. Two sxhibited minimal
ezythems and three exhibited no response to the application of the challenge
m.

Positive Control Group 2 - 2,4 dinitrochlorobenzene-0.1l% (w/v) sslutiom in
ethanol

Three gulnes pigs exhibited slight erythema, three exhibiced minima)
erythesa and four exhibited no response to the application of the sensitizing
dose. TFour guinea pigs exhibited moderate erythama and edema, thrse exhibited
moderate erythema, two exhibited slight erythema and one exhibited mirimsl
erythema to the application of the challenge dose.

Test Group 3 - Technicel Atrazine (Code 7-15-0-0)10% (w/v) solution in ethanel

Four guinea pigs exhibited slight erythema, four exhibited no Tesponss to
the application of the sensitizing dose. Ona guines pig exhibited mocCarate
arythema with slight edema, two exhibited minimal erythems and seven exhibited
no response to the application of the challenge dose.

Test Group 4 - Technical Atzazine (Code 7=14-0-0) 108 (w/v) solution in ethancl

Pour guinea pigs exhibited slight erythema, five exhibited minimal
erythema and one exhibited no response to the application of the sensitizing
dose. Five guinea pigs exhibited slight erythema, two sxhibited minimsl
erythema and three exhibited no response to the application of the challenge
dose.

g
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¥shicle Control Group S - Distilled Water

None of the guinea pigs uxhibitsed amy response to the application of the
sensitizing dose. One guinea pig exhibited minimel erythems and nine
sxhibited no response to the application ¢f the challenge dose.

Test Group 6 - Technical Atrezine (Code 7-15-C-0) nonirritating siurry

Hone of the guinea pigs exhibited amy response at the application of the
sensitizing fose or the chazllenge &oEe. '

Test Growp 7 - Technical Atrazine (Code 7-14-0-0) nonirrzitating slurzy

Kone of the guinea piges sxhibited amy response to the application of the
sensitizing dose. Three quinea pigs exhibhited minisal erythema and ssven
axhibited no rasponse to the applicatiom of the challenge dose.

Groups 8 through 1l were virgin irritation control groupe to be applied and
scored only at the primary challenge. Hone of the previcusly mentioned groups
exhibited any respense to the spplication.

Based on the results submitted, Technical Atrazine (Code 7-15-0-0) and (Code
7-14~0-0) are nonsensitizing.

Study Classification: Core minimmm. Observations st 24 and 48 hours after
each application.

Toxcitity Category: Xonsensitizing
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Reviewed by: Marion P. Copley, D.V.M., D.A.B. AT~
lﬁ
o

Sect.2, Acting Section Head, TB I (IRS) (TS-769¢C)
irth A

Secondary raviewer: Judith W. Hausw D.
Acting Chief, TB I (IRS) (TS-769C) * WW

DATA EVALUATION REPORT
STUDY TYPE: 90-day feeding - dog 10X, CHEM NO: 63
MRID NO.: 00163339 "

IEST MATERIAL: Atrazine

SYNONYMS: Atranex

s_nmx_ng T-635

m: Agan Chemical Manufacturers Ltd.

TESTING FACILITY: WARF Institute, Inc., Madison, Wisconsin

ZIILE OF REPORT: 90-Day subacute feeding study of Atranex in
dogs

AUTHOR(S): M. Tisdel, D. Harris

REPORT 1ISSUED: Not specified, Initiated Jun. 12, 1977

CONCLUSION:
NOEL < 200 ppm (S mg/kg/day) (low dose tested)

LEL < 200 ppm (S ng/kg/day) based on body weight gain
depression in the Akles.

In addition at &23 PPR (15.8 mg/kg/day) and above in pales,
there vas a slight decrease in R8¢, HCT and HGB. There wvas
also a mild to tctal arrest of speraatogenesis.

At 2000 ppm (50 ng/kg/day) in pales, there vas decresased food
consumption; in » thers was body weight loss,
decreased food consumption, and a slight decrease in RBC, HCT
and HGB.

Classification: SORE-SUPPLEMENTARY

view (40 CFR 154.7) could not be determined
since a NOEL was not established.

A. MATERIALS:

1. Test compound: Atrazine technical, Description - not given,
Batch # - 7003, Purity - not given %.

90
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Atrazine 2 $0~-day dog, 82-1
2. Test animals: Species: dog, Strain: beagle, Age: not
given, wWeight: not iven, Source: Ridglan Parm, Ine,

Mount Horeb, Wiscong R, animals wers given a 2 monthk
acclimatization period.

B. STUDY DESIGN:
1. Animal assigmment

Animsls vers assigned to tast groups based on veight, sex
and litter identification (see table 1).

o Dose in Est. dose bDased Main Study
Test diet on 0.02S mg/kg 3 months

Sroup {R0%) ____per PPM

| (ng/kg/day)
1 Cont o ) 4 4
2 Low (LDT) 200 5 4 4
3 Mid (MDT) 632 1s.8 4 4
4 High (HDT) 2000 50 4 4

2. Diet preparation

Diet preparation storage and analysis for holoqcn.ity
stability and coéccntration wvere not discussed. !

3. Animals received food (Purina Canine Diet) agd Albitum for 1
hour daily and water ad libitusm.

4. Statistics - The Procedures utilized in analyzing the
numerical data are not listed. Maans and standard
deviations appear to have been used for SoRe numerical
paraneters, ie. body veight and food consumption. oOrgan
veights were compared using the T-Test.

5. A signed quality assurance statement was not present. In
addition, there was no signature page.

c. METHODS AND RESULTS:
1. observations:

Animals waras inspacted daily for signs of foxicity ana
mortality

.

Toxicity/xortality (survival) - There were no mortalities
or treatment related clinical signs observed during the
study.
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Atrazine 3 90-day dog, 82-1

2.

Bedy velight

Animale were weighed at study initiation, then veekly and
again at termination.

Results - MALES - As can be seen in table 1, there was a
decrease in body veight gain and § body weight gain in al1

. groups of males treated with atrazine. This decreasa was

~dose related. Two dogs in each of the 10T, MOT and HD?T

actually lost weight during the study. Statistics however,
wvers not done for these values. FEMALES - Only the HDT

females had a decreased weight gain (actually a weight loss
Oof 6 §, compared to a gain of 24-28% in the other 3

. groups).

|
Cont. 8063 10375 2312 29% | 6588 8150 1562 24%
200 7600 8539 939 12% | 6378 807S 1700 27%
632 6788 7225 437 6% | ss3s 707S 1537 28%
2000 3738 7363 =375 -5% | 697s €578 -400 -6%
: 1
3. I99d_sgnlnln:isn_nnd_sglngnnﬂ_in::kn

S.

Consumption was determined daily and reported as weekly

totals of mean daily diet consumption. Food consumption in

terms of body weight, food efficiency and compound intake
.were not calculated.

¥ood consumption - Food consuaption was only decreased
(estimated at 30 % less than controls) in the HDT males and
females. Values in the other groups were variable and
could not be attributed to treatment due to the small
sample 3ize (n=4). Statistics were not done on these
vaiues.

Qphthalmological examinations were not reported.

before treatment and at 0, 4, 8, and 13
veeks for hematolegy and clinical analysis from all
animals (fasting not specified). Tke CHECKED (X)
Paraneters were exarined.
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Atrazine 4 930-day dog, 82-1

a. Hematology

p.4

X] Hematocrit (HCT)*
X| Hemoglobin (HGB)®
X|
X|

} Laukocyte differential counte*
Laukocyte count (WBC)* :
|

.4
X|
| Mean corpuscular HGB (MCH)

X| Mean corpusc. EGB conc. (MCHC)
Erythrocyta count (RBC)w X| Maar corpusc. volume (MCV)
| Platelet counte | Reticulocyts count
| Blood clotting measurements ‘
] (Thromboplastin tine)
| (Clotting time)
| {?rothrombin tims)
Required for subchronic and chronic studies

Results - As can be ssen in table 3, thers appeared to be a
slight decrease in RBC, Hct and Hgb in males at the MDT and
HDT and in females at the HDT. Other changes wers within
expected ranges for the age and species or there was too
much within group variation to make any conclusions.

Cone in HCT BG3 REBC | BCT HGB gnc
diet (%) (G%) 105 cells/| (%) (G%) 10 1s/
PPM and 1 _n&u
MALES i FEMALES
Cont. 43 15.3 6.92 | 41  1s.2 6.97
200 41 14.8 6.57 i 42 158.0 6.98
632 s 13.0 5.57 | 39  14.0 6.19
2000 33 12.2  5.46 | 3¢ 12.8 5.80
]
b. gClinical Chemistry
X

Electrolytes: Other:
' X{ Calciume Albumin#®
iX| Chloride* Blood creatinine+
| | Magnesium® Blood urea nitrogent*

|
|
}
} Alb/Globulin ratio
|
{
|
|

{X| Phosphorous® Cholestercls

|X| Potassiume

1 X! Sodiume Glucosa*
Enzymes Total bilizubir

|X| Alkaline phosphatase (ALK)
! | Cholinesterase (ChE)#

| | Creatinine phosphokinase*~ |
| | Lactic acid dshydrogenase (LAD)

|X| Serum alanine aminotransferase (alsc SGPT)*
1 X

Lo

[

Totzl serum Protein (TP)*
Triglycerides

TRmMx %%

Serum protein electrophores

Serum aspartate aminotranzferase (also SGOT)*
Gamma glutamyl transferase (GGT)
Glutamate dehydrogenase

* Required for subchronic and chronic studies
# Should be required for OP
~ Not required for subchronic studies

e —
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Atrazine L] 90-day dog, 82-1

Results - There vere no treatment-related changes in
clinical chemistry values.

6. Uxinalysis~

Urine was collected (fasting not specified) animals at o0,
4, 8 and 13 veeks. The CHECKED (X) parameters vers

‘examined.
P4 X
| | Appsarance® |X| Glucose®
i | Volume® |X| Ketonegsw
'X| Specific gravitye |X{ Bilirubinw
iX] pR |X] Bloodw
| | Sedirzent (microscopic)* | | Nitrate
|X] Protein* | | Uzrebilinogen

~Not fétjuircd for subchronic studies
* Required for chronic studies

Results - There wers no treatment-related changes.
7. snmzm_mmm

All animals that died and that vere sacrificed on schedule
wvers subject to gross pathological examination and the
CHECKED (¥) tissues were collected for histological
examination. (x) Tissues were collected but not examined.

The (XX) organs. in addition. were weighed.

.4 p.4 X

Digestive system Cardiovasc./Hemat. Neurologic

! | Tongue | | Aortae | X| Brains,

| X| Salivary glands* |XX| Heart® | x| Periph. nerve=¢

| | Esophagus* | X| Bone marrows | X| Spinal cord (3 leveis)*
| X| Stomach® | X| Lymph nodesa» | X] Pituitaryw

| X| Ducdenum# jXX| Spleen | x| Eyes (optic n.)*#
I X} Jejunu=m+ ] | Thymus#* Glandular

| X|] Ileum® Urogenital | XX] Adrenal glande

| X|] Cecum® | XX| Kidneys*+ | | Lacrimal gland#

! | Colom® | X| Urinary bladder*| | Mammary gland+*$

| | Rectume® |XX|{ Testes** | | Parathyroids++*
|XX| Liver =* | | Epididymides [XX| Thyroidss*+

] X|] Gall bladder® | X| Prostate Other

| X| Pancraas® | | Seminal vesicle| X| Bone*#
Respiratory |XX| Ovaries** | | Skeletal muscle#*#
| X| Trachea® | ¥] Uteruss | %} Skin#g

| X] Lung» i X| All gross lesions
] | Nose and masses*?

| Pharynx

I

|
| Larynx (key on next page)
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Atrazine 8 90-day dog, 82-1

#» Required for subchronic and chronic studies.

$ In subchronic studies, examined only if indicated by signs of
toxicity or target organ involvement.

+ Organ weight required in subchronic and chronic studies.

+* Organ wei_ht required for non-rodent studies.

a. Organ weight - There appesared to be a slight increase in
kidney weight (relative) at the HDT in both malss and
females. The biological significance of this can not be
determined since: 1) these values wers not significant
at p < €.05 level for the T-Test, and 2) thers were no
unusual renal histologic findings. Absoluce testas

. walight wers decressed about 30 § in the HDT males while
- relative weights wert only decresased about 8%. All
other organ weights were similar ts controls.

b. Gross pathology - There were no trsatment-related changes
- ‘noted at necropey.

C. Hicroscepic pathology

All MDT and HDT males had mild to total arrest of
spermatogenesis. In additicn, some testes had abnormal
cells or degenerative tubules. There vwere no other
histologic changes related to tresatmant.

D. RISCUSSION:

Four beagles/sex/group wers exposed for 90 days to atrazine
technical in the diet at either 0, 200, 632 or 2000 ppm,
resulting in approximate doses of 0, 5, 15.8 and 50
ng/kg/day, respectively.

There were no overt signs of toxicity or mortalitv due to
atrazine tresatment. Although the company states that body
veight was only affected in the high dose males and famales,
the data indicate that body weight was decreased at all 3
atrazine treatment levels in males and high dose females.
Even when body weight was evaluated for each individual
animal (rather tham as means), thera appeared to by no NOEL
for males. As mentioned in the results, 2 males in each
atrazine trsatment group had weight losses while the lowest
welght gain in controls for the 90 day period was 12 $.
Changes at the weekly intervals were less informative than
the monthly or 90 day changes due to the small sample size
(n=4) . Body weight losses at the high dose were consistent
with decreased food consumption at this dose. The other food
consumption data was difficult to interpret since it was
reported as g/dog rather than adjustsd for bedy weight (g/kg
body weight).
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Atrazine 7 90-day dog, 82-1

Slight decrezses in hematologic indices (RBC, HCT and HGB)
suggested 2 possible anemia in the MDT and HDT males and HDT
females. * Although this is consistent with findings in other
studies, the bilological signiticance could not be determined
conclusivaly since the changas and sample size were small.

All other peasured laboratory parameoters were similar to

contrel values.

Histologic changes were limited to a mild to total decrease
in spermatogenesis in all mid and high dose males. The HDT.
decrease in testicular weight, although consistent with these
histologic changes, may have been due in part, or completely
to daecreased body weight. Other organs (wsight and
histopathology) appeared unaffected by treatment.

Since this study iepcrt was completed in the 1370z, it does
not contain informution now required in evexry report. The
following items were not present or incompletely reported:

1) date report completed

2) signature page

3) signed quality assurance statement

4) purity of the test compound

5) test diet preparation (frequency) and storage information

6) analysis of homogeneity, stability and concentration of
test dist

7) summary of statistical methods used

8) test compound intake, based upon body weight and feed
consumption

Due primarily to the lack of a NOEL in the males for body
weight depression and the other deficienciee noted above,
this study is assigned a core-classification of
SUPPLEMENTARY. In addition, at 623 ppm (15.8 ng/kq/day) and
above in males, there was a slight decrease in RBC, HCT and
HGB. There was also a mild to total arrest of
spermatogenesis. At 2000 ppm (50 mg/kg/day) in males, there
was decreased food consumption; in females, there was body
weight loss, decreasad food consumption, and a sligh%
decrease in RBC, HCT and HGB.

NOTE: Although electrocardiography is not required in subchronic

dog studies, this is one of the more sensitive parameters
reported in an acceptable chronic dog study for atrazine.
Therefore,

this study should not be used to determine
potential subchronic cardiac toxicitv from atrazine even

though there were no histological cardiac changes.

COPLEY\PCS\ATRAZINE\SUBCHR1.234, REGSTD,#63,11/8/88
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Reviewed By: Irving Mauer, Ph.D. TB Project No.: 8-0320
Section VI, Toricology Branch (TS-769C) Date:

Secondary Reviewer: Judith W. Hauswirth, Ph.D., Hea .
Section VI, Toxicology Branch (TS-769C) sk L0 tecowreih.

- TOXICOLCGY BRANCH: DATA REVIEW

Chemical: Atrazine Casvell No.: 063
. TOX Chem No.: 080803

Study Type: Chronic (52-Week) Feeding - Dog

Citation: Atrazine Technical - 52-Week Oral Feeding in Dogs
(MIN 852008)

Accession No.: 404313-01 (3 volumes) <« MRID
Sponsor: Ciba-Geigy, Corporation, Greensboro, NC

Testing Lab.: Ciba-Geigy, Division of Toxicology/Pathology
Summit, NJ

Study No.: 352008 (Tox./Path. Rpt. No. 87048)
Study Date: October 27, 1987

TB Conclusions/Evaluation:

CORE MINIMUM DATA. Although the mid-dose (150 ppm) was
proposed by the testing laboratory as the NOEL, a number of
minimal cardiac changes were found in a few animals at this
intermediate dose. Hence, TB regards the LDT (15 ppm) as the
NOEL, until more exactly defined between 15 and 150 ppm.

Dietary doses administered: 0, 15, 150, and 1000 ppm.

Intake equivalent: mg/kg/day
Hale - 0' 0.‘8' ‘097' and 33-65

Female - 0, 0.48, 4.97, and 33.80
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DETAILED REVIEW 006937

Test Article:

Atrazine technical (Batch FL 850612);: nature and purity not
stated here (but reported elsewhers as 97 percent): mixed in
canine feed (Purina No. 5007) for oral feeding. Samples of the
admixture were monitored at regular intervals for contaminants,
stability, homogeneity, and atrazine concentration.

Procedures:

Purebred S5-month-old male and female beagle dogs (Marshall
Farms, North Rose, NY) were acclimated to the laboratory for
1 month, then assigned randomly to four groups, which received
feed containing 0 (feed only, six animals/sex), 15 ppm (four
animals/sex), 150 ppm (four/sex), and 1000 ppm (six animals/sex)
test article.

The animals were observed daily, and body weight and food
consumption determined pretreatment, and weekly during the first
13 weeks of treatment, then monthly thereafter. Auditory and
ophthalmoscopic (by Fison Indirect Ophthalmoscope) examinations
were performed during the pretreatment period and quarterly
during treatment, as were electrocardiographic (EKG) tracings
(10 leads). Seven hematclogical parameters (hemoglobin,
hematocrit, rbe, wbe, differential, platelets, and prothrombin
time) were also measured during the pretreatment period and
guarterly thereafter, in addition to reticulocytes and Heinz
bodies. Fifteen serum chemistry values (BUN, creat, SGOT, SGPT,
alk phos, glu, tot bili, tot chol, inorg phos, Na, K, Ca, Cl-,
tot prot, alb, glob, and A/G ratio) including CPK and LDH, and
nine urinalysis values (spec grav, pH, prot, glu, bili, urobili,
ket, occ blood and micro) were also determined according to the
same sampling schedule. All surviving animals were necropsied
during week 53; complete necropsies were also carried cut on any
animals that died during the study period.

A complete roster of tissues, according to Test Guideline
directives, was fixed in 10% neutral buffered formalin for
microscopic examination:

Adrenal (2) Kidney (2) Salivary Gland
All Gross Lesions incl. [{Larynx/Pharynx] Skin

Tissue Masses Liver Spinal Cord:
Aorta Lung cervical
Brain: Lymph node: lumbar
cerebrum Axillary thoracic
cerebellum Mesenteric Spleen
medulla/pons Mammary gland (F) Sternum w/marrow

-2-
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VAT
208937
Cacum Muscle, thigh Stomach 006937
Colon . Nerve, sciatic Testis w/epididymis (2)
Duodenum: . Ovary (2) Thymus, when present
Esophagus , Pancreas Thyroid w/parathyroid (2)
Eyes w/optic nerve Pituitary Tongue
[Femur w/joint] Prostate Trachea
Gallbladder Rectum Urinary Bladder
Heart , {(Rib at costochondral Uterus
Ileum v joint} Vagina
Jejunum {(Vertebral

- Absolute organ weights (brain, heart, kidney, liver, ovary,
pituitary, spleen, testis with epididymis, and thyroid/
parathyroid) were determined, and relative weights calculated
using a computer system. Gross pathology data were initially
recorded manually, but later entered into tha NO3 pathology data
base. A detailed examination of the hearts of all animals
sacrificed at study termination was performed, including
measurerent of left and right ventricular wall thickneas, in
order to augment the description of the nature and severity of
any cardiac lesions. ([NB: Cardiac toxicity was the subject of a
flagging statement in the final report of this study (Volume 1,
page 4 of 1405).] :

Data on body and organ weights, feed consumption, clinical
laboratory values, and EK. trzcings were stored in the Beckman
toxicology system data baze (TJIXSYS) in the IBM 4361 mainframe
computer, and analyzed se :razely for each sex by a two-tailed
Dunnett‘s multiple comparisons test (p < 0.05 and < 0.01) at
each time point during treatment, in order to detect any
differences between each treatment mean and control. During the
pretreatment period, an F-test for testing equality of all
treatment group means was performed. Nonparametric versions of
these procedures (based on rank rather than numerical values)
were employed on parameters not normally distributed (e.g.,
highly skewed). Supplemental statistical analyses were necessary
where the significant deviations were detected via diagnostic
procedures. These included data transformation, nonparametric
tests, and tests without assuming homcgeneity of group variances.

Results:

Chemical Analysis/Dosimetry

Routine (monthly) chemical analysis of feed admixtures
indicated that the concentrations of the test material were
within # 10 percent of target concentrations (92 to 107 percent,
Appendix 9.8). The admixtures were stated to be stable for at
least 21 days at room temperature (92 percent of target concen-
trations for the "15 ppm" test formulation, Appendix 9.7). (NB:
The same tabulation indicates, however, a 99 percent target
stability for the high-dose admixture, 1000 ppm.) Analysis of
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multiple subsamples during week 1 of treatment revealed atrazine
was homogenscusly distributed throughout the feed admixtures
(relative standard deviations were 2, 1.3, and 1.7 percent,
respectively, for the three dosage groups: 15, 150, and 1000
ppm, Appendix 9.9).

Based on feed consumption and avarage~group mid-pericd body .
weight (Table 8.4, Appendix 9.1.4, discussed below), the daily
doses and ranges (from Table 8.3) were calculated as follows:

Dietary
. Concentration Mean Daily Dose Range
Sex : Group (ppm) - fmg/kg/day) ( kg/day)
M2 15 0.48 0.4 - 0.6
3 150 4.97 4.3 - 5.7
4 1000 33.65 20.1 - 38.0
F 2 15 0.48 0.4 - 0.6
3 150 4.97 4.2 - 6.0
4 1000 33.80 23.1

- 39.3

Mortality/Clinical Signs

Three animals had to be sacrificed during the study in a
moribund condition: one 150 ppm male (14 M) on day 75; one 1000
ppm female (39 F) on day 113; and one 1000 ppm male (16 M) on day
250 (Table 8.1, Appendix 9.1.1). Control and 15 ppm animals
survived the entire study period without incident. The authors
considered the moribund condition of 14 M to have developad
spontaneously, unrelated to atrazine treatment. This animal lost
3 kg and became cachectic early in the second month of treatment,
following prior bouts of hypoactivity, bloody discharge from the
penis, fecal changes (bloody, mucoid, and/or soft), mydriasis,
and reduced pupillary response. Clinical laboratory changes
included elevated white cell count, increased serum globulin
level, and depressed erythroid parameters. Principal his-
topathological findings were stated to be consistent with
published veports of disseminated fibrinoid necrotic arteritis
(termed “polyarteritis nodosa,” or, alternatively, necrotizing
vasculitis), considered a spontaneocus disease in the dog,
involving meningeal, coronary, renal, and other blood vessels
(mesenteric, testicular, etc.).

Whereas the authors considered the moribund condition of
39 F (1000 ppm) to be related to compound administration, they
considered that of 16 M receiving the same compound level
unrelated to treatment. 39 F displayed a syndrome of clinical
changes including an abnormal EKG profile, ascites and cachexia,
referable to cardiopathy. Pathological changes included abundant
clear ascites fluid; cardiac dilatation, and liver adhesions.
Histologic findings included degenerative lesions (both atrophy

-g~
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and myelosis) of the atrial myocardium, as well as hepatic
centrilobular necrosis. On the other hand, 16 M manifested a
persistent and®progressive dermatitis with development of sores
and scabs, and failure to gain weight associated with low food
consumption, but none of the clinical signs referable to cardiac
insufficiency. Necropsy findings included skin lesions as-
sociated with Demodex sp. mites, but also degenerative lesions in
both atrial myocardia. Hence, while the moribundity of 16 M was
considered to be due to the debilitating, progressive dermatitis
caused by mites, the authors admit the possibility that atrazine
could have contributed to the debilitated state, because of the

pcesence of “"crwepound-related myocardial lesions.”

Among animals on 1000 ppm atrazine, treatment-related
clinical signs attributable to atrazine-induced myocardial
degeneration (discussed below) included ascites (one each high-
dose male, LS M, and female 39 F), cachexia (one male, 14 M, 150
ppm; 1 female, 39 F, 1000 ppm) and labored/shallow breathing (15
M, 1000 ppm). Both of these high-dose animals as well as three
others fed at 1000 ppm (19 M, 20 M, and 40 F) had EKG and/cr
morphologic evidence of heart disease (characterized as irregular
heartbeat, tachycardia, and increased heart rate), in contrast %o
thre mid-dose dog, 14 M, which did rot. These treatment-related
c..nical signs correlated to pathologic findings attributed to
atrazine administration.

A variety of other clinical signs, considered by the authors
to be spontaneous findings commonly found in laboratory dogs were
recorded (see Report Table 8.1 attached to this review). Since
they occurred randomly and were not dose-related, they were
considered to be unrelated te atrazine treatment.

Body Weight/Food Consumption

High-dose males and females ate less feed from the first
week of treatment, which caused (at least in part) a parallel
reduction in body weight or body weight gain (Figures 7.1, 7.2,
7.3, and 7.4; Table 8.4; Appendix 9.1.4). Compared to baseline
(pretreatment) values, percent body weight gain at study
termination for the 1000 ppm group was +29.7 percent for males
and 21.5 percent for females, whereas for controls the gain was
46.6 and 35.6 percent, respectively (Report Table 8.2, attached
to this review). However, only the change in males was signi-
ficant, at p < 0.05, using the two-tailed Dunnett's test.
Treatment-related, statistically significant reductions in food
consumption were found in high-dose males and females during the
first quarter of the study period (Table 8.4). Where differences
were not significant, food consumption was recorded as consis~
tently less than in controls. No statistically significant
reduction in body weight or percent body weight gain and food
consumption were recorded in males or females ingesting feed
containing 15 or 150 ppm atrazine.

-5-
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Ophthalmcscopy

NOo compound-related ocular changes were found =
cphthalmoscopic examinations (Appendix 9.2). A svamary of
individual ophthalmoscopic findings revealed cumparable inciden-
ces and types of changes in contzol as in test groups.

élect:ocardiogtaéhz

T:eatment-relatcd EKG changes were stated in the text of the
report to be found only in the high-dose groups at variocus time
points of recording (Appendix 9.3). Statistically significant

, ov~findings in males were recorded for increased heart rate on days
wf* ;;%5;:zzgi:iﬁa::s:}ad.:z&g&g~ P~I1 (height of P wave) on days 85,
T 75, 287, and 36l1; decreas®d PR-intarval time on day 361; and

decreased ‘s’r-intetval time on days 267 and 36l. Statistically
' significant findings in females consisted of decreased P-11 on
days 85, 175, 267, and 361:; decreased PR on day 175; and

increased heart rate on day 175.

o et

The -authors noted other statistically significant EKG
changes in all test groups, but these were considered “incidental
and unrelated to treatment." They included decreased mean
electrical axis at day 175 and increased P-II and PR at day 267
in low-dose females; increased R waves at day 361 in mid-dose,
and at days 267 and 361 in high-dose males; but also sig-
nificantly decreased P-II of 0.200 mV (p < 0.05) in mid-dose (150
ppm) females at day 175. (This is the same change considered
treatment-related in the high-dose group, with a mean value of =
0.100 mv at day 175 in Ligh-dose females, p < 0.01l.) The value
in 150 ppm females was stated to be within the norma. background
range of values for the species. (Background values were not
provided in the report, however, but the concurrent control value
was given as 0.267 mV.) The staff cardiologist for Ciba-Geigy
also noted arvythmia (atrial fibrillation) in four high-dose dogs
(two males and two females) at various time points, and atrial
premature complexes in one high-dose female at day 361 (Appendix
9.3).

Hematgm

Treatmont-related changes in hematological values were
reported to have occurred in the high-dose group only (Table 8.5
and Appendix 9.1.5). These changes consisted of slight but
statistically significant reductions in erythroid parameters (red
cell count, hemoglobin, and hematocrit) in males only throughout
the study (considered secondary to body weight depression), and
mild increases in platelet counts in both sexes (said to be
"minimal®™ by the authors), and of unclear toxicologic signi-
ficance, since this increase did not correlate to any pathologic
observation. Additionally, sporadic statistically significant

-
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alterations in other hematologic parameters. considered by the
authors to be toxicologically unimportant, occcurred in males of
all test groups (MCV, WBC, eosin) and in mid- and high~dose .
females (lymp mono, WBC, MCHB, and MCHC). All these changes
were considered “spontaneous and unrelated to treatment,” since
neither dose-response nor consistent time-response occurrad, they
were not associated with any morphologic findings, and group mean
values were generally within the range of concurrent control
values, as well as historical background for differential white
blood cell counts (stated as "MIN® and "MAX® in Table 8.5).

Biochemistry

The only compound-related biochemical changes reported were
slight decreases in total protein and albumin, statistically
significant (p < 0.05) for high-dose males and considered
secondary to reduced feed consumption (Table 8.6 and Appendix
9.1.6). Other statistically significant differences occurred
sporadically in low~ and high-dose males and females, and were
considered spontaneocus changes unrelated to treatment, since they
were neither dose- nor time-related, but marginal and within
concurrent control values. Among lcw-dose animals, findings
consisted of increased total bilirubin in males and increased
phosphorus in females; in high-dose groups calcium was decreasad
and chloride increase in males, while females had increased

sodium and glucose.

Urinalysis

No stated compound-related changes in urinary values were
found, although several sporadic statistically significant.
differences occurred in all test groups (Table 6.7 and Appendix
9.1.7). Low-, mid-, and high-dose females had nondose-related
increased numbers of epithelial cells at day 175 only: in
addition, high-dose females had decreased protein at day 270.
Cecreased crystals and specific gravity were noted in mid-dose
males at day 89; on the other hand, high-dose males manifested
increased crystals at day 89, decreased epithelial cell number at
day 357, and decreases in WBC at day 175. All these changes wvere
considered spontaneous, with no consistency, and within the range
of concurrent control values observed in this study.

Organ Weights

Treatment-related, statistically significant changes in
organ weights were recorded for high-dose animals, specifically
decreases in absolute (but not relative) heart weight in females,
and increased relative liver weight (both body and brain weight
ratios) in males (Table 8.8 and Appendix 9.1.8). The cardiac
changes were considered a direct effect of atrazine administra-
tion, while the liver weight change was primarily due to one
@nimal (15 M) and considered secondary to ascites. Other
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statistically significant changes in organ weights occurred in
mid- and high-dose animals, but these were considered unrelated
to treatment. . For example, mid-dose females manifested marginal
increases in absolute heart weight and heart/brain ratios
inconsistent with the treatment-related decreases at the higher
dose. High-dose females had increased relative (to body weight)
ovary weights, consistent with stages of estrus rather than
atrazine administration.

Gross Pathology

. Gross pathological changes ccnsidered to be related to
atrazine administration were found in the majority of high-dose
survivors (4/5 males and 5/5 females) and consisted mainly of
moderate to severe dilatation of right and/or left atria; less
common cardiac changes included fluid-filled pericardium and
enlarged heart in three males (Report Tables 3 and 4 of Appendix
9.4, attached to this review). Secondary changes included
abdominal ascites and liver adhesions, the most severe noted in
two animals (15 M and 39 F), one of which was sacrificed moribund
before study termination (3% F).

Microscopic Pathology X

Microscopic findings were correlated to the gross changes,
cardiac lesions occurring most often and restricted to high-dose
males and females (Table 5 of Appendix 9.4, attached). The
principal histologic lesion observed was atrophy and myalosis of
the atrial myocardium, with atrial edema. Less common Bns in
high~dose animals included centrilobular hepatic necrosis (two
females) and serous lymphadenitis of the mesenteric lymph node
(one male and one female). These treatment-related gross and
histologic changes were also correlated to EKG abnormalities.

Summa

In summary, the authors concluded that treatment-related
effects of atrazine feeding were found only at the highest
dietary levael (1000 ppm = 33.65 mg/kg/day for males; 33.8C
mg/kg/day for females), and included (as taken directly from the
Final Report):

1. At least one death (female) [and possibly twe, if one-
includes 16 M]; ;

2. Cachexia and ascites;
3. Reduction in body weight and percent body weight gain;
4. Reduction in food consumption;

5. 1Irregular heartbeat and increased heart rate;

B
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:6. EXG alterations such as increased cart rate, decreased
g P=-II values, atrial premature complexes, and atrial

fibrillation;

=,7l Slight changes in hematological parameters such as
decreased erythroid values and increased platelet
counts; ‘

fﬁé; Slightly decreased serum (total) protein and albumin;

‘ ,§‘ Slightly decreased absolute heart weight in females and
o slightly incressed relative iliver weights in males;

10. Moderate to severe cardiac lesions consisting primarily
-+ of dilatation of right and/or left atria and myccazrdial
degeneration «trophy, myelosis) of the atria. The
cardiac lesions were considered direct effects of
atrazine adainistration, whereas many of the additional

findings (clirical, hepatic, etc.), wer2 considered
secondary.

From these results the authors proposed that the NOBEL in
this dog study was 150 ppm (actual intake, 4.97 mg/kg/day for
both:sexes), and based upon the cardiotoxicity observed. the MTD
was exceeded at 1000 ppm.

A Quality Assurance (QA) Statement was present, attesting to
repeat inspections/audits of this study, and signed by the
Director of QA/Regulatory Compliance, October 27, 1987.

TB Evaluation: Core-Minimum Data

Doses administered: 0, 15, 150, and :000 ppm {(equivalent to
measured intakes of: 0, 0.48, 4.97, and 33.€5/33.80 (M/F]
mg/kg/day.

The most significant effect of atrazine administration
described in this l-year dog study was the syndrome of car-
diopathy, featuring discrete myocardial degeneration and most
prominently found in the test group receiving the highest concen-
tration of dietary atrazine, 1000 ppm (equivalent to actual
intakes of 33.65 mg/kg/day for males, 33.80 mg/kg/day fcr
females). Clinical signs referable to cardiac toxicity, such as
ascites, cachexia, labored/shallow breathing,and abnormal EKG,
were first observed as early as 17 weeks into the study. Gross
pathological examination revealed moderate to severe dilatation
of the right atrium (and occasionally the left atrium), micro-~
scopically manifest as atrophy and myelosis (degeneration of the
atrial myocardium). The authors proposed that the NOEL was 150
ppm (4.97 mg/kg/day) for both sexes.

While conceding that the MTD was excreded at 1000 ppm, we
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question whether 150 ppm represents a valid no-effect level. Two
mid-dose males manifested some cardiac involvement, which was
disccunted by the authors as not treatment-related. Animal 12 M
had a "moderate” degree of dilatation of the right atrium,
combined with *minimal® dilatation of the left atrium, plus a
"pale lesion of the epicardium of the left ventricle® on gross
examination (but it was asserted that ro microscopic atrial
lesions were found). Animal 14 M was sacrificed moribund during
the llth treatment week manifesting clinical signs such as
hypoactivity and cachexia (among other changes). Gross patho~
logical examination of this animal revealed "red® right atrium,
histologically manifest as a “thickened” atrium with edema. The
cause of death was stated to Le consistent with disseminated
arteritis, reported to occur spontaneously in beagle dogs, and
termed “polyarteritis nodosa.”™ Additional support for .consider-
ing 150 ppm an effect level is provided by significantly
decreased P-~II waves ir mid-dose females at day 175 of the study.

If these cardiac changes at the mid-dose level represent
the lower tier of atrazine effects, then this intermediate dose
should be considered an effect level (LEL):; thus, the next lowest
dose level (15 ppm (0.48 mg/kg/day), becomes the NOEL. This
would conform to the TSCA Test Guidelines, which advise that the
intermediate dose produce a low level of toxicity, and there be a
gradation of effects frcm the appropriate spacing of doses.

Attachments
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.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfDo) - 006927

nical -- Atrazine
N == 1912~-24-9
NELL == 063

line: 08/02/88

L.A.1. ORAL RfD SUMMARY

itical Effect Experimental Doses»* UF MF RED
mificant decreased NOEL: 15 ppm 100 1 SE-3

I waves in females (0.48 mg/kg/day) mng/kg/day
day 175 and -

sdiac toxicitynséon LEL: 150 ppm
two dogs - {4.97 mg/kg/day)

{ear Dog Feedih
idy :

sa-Geigy, 1987

sreased body : NOEL: 10 ppnm
ights of pups of (0.5 mg/kg/day)
ieration on the 2nd

stnatal day 21 LEL: 50 ppm

(2.5 mg/kg/day)
saneration Rat
sroduction Study

>a~Geigy, 1987

;mversion Factors: 1 ppm = 0.025 mg/kg/day (assumed dog food consumption)
snversion Factors: 1 ppm = 0.05 mg/kg/day (assumed rat food consumption)

.A.2. PRINCIPAL AND SUPPORTING STUDIES (ORAL RID)

1zine Technical - 52-Week Oral Feeding Study in Dogs
1~Geigy, Division of Toxicology/Pathology Summit, NJ
1=-Geigy Corporation

ly No. 852008 (Tox./Path. Rpt. No. 87048); October 27, 1987
Accession No. 404313-01

Purebred 5-month old male and female beagle dogs were acclimated to the
)ratory for 1 month, then assigned randomly to four groups, which received
| containing 0 (feed only, six animals/sex), 15 ppm (4 animals/sex), 150
(4 animals/sex), and 1000 ppm (6 animals/sex) [0, 0.48, 4.97, 33.65 (M),

i (F) mg/kg/day] for 52 weeks. The LEL for this study is 150 ppm based

| statistically signifcant decreased P-II waves in females at day 175 of
ly and cardiac toxicity in two male dogs were chserved. At the highest‘lzl_
» tested (1000 ppm), EKG alterations such as increased heart rate,

-eased P-II values, atrial premature complexes, and atrial fibrillation
moderate to severe cardiac lesions (dilatation of the right atrium,

phy and myelosis) were observed.




iero, J.: Youreneff, M.; Giknis, M.; Yau, E.T. 006237
neration Reproduction Rat Study v
arch Department, Pharmaceuticals Division, Ciba-Geigy Corporation

-Geigy Corporation, Agricultural Division

y No. 852063; November .7, 1987

No. 4G431303

2ne hundred twenty maie and 120 female rats Were randomly distributed into
aatment groups [0, 10, 50, 500 ppm (2, 0.5, 2.5, and 25 =mg/kg/day)].
rats were placed on the control and test diets at 47 days of age &and

les at 48 days of age. They were maintained on these diets for a period
3 weeks prior to mating. Males and femalen were housed together in a 1:1
> for mating. They were allowed a three week period fior mating and ware
rated once evidence of mating was seen. One l:° cer was produced in each
ration. After weaning of the first generation, thirty males and chirty
les were selected for the second parental generation., The remaining male
1tal animals were sacrificed on days 133-134 of the study. Animals

sted fer the second generation were exposed to test dists for 12 weeks

s to ma=ing. Mating was conducted in the same manner as Ior the first
-ation. Parental males were sacrificed on day 138 of the study and

atal females on days 138, 139, and 132 after weaning of their litters.

ztrazine had no effect on the reproductive parareters studied; however,
veights at postnatal day 21, seccnd generation were statistically
ificantly lower than those of the control group at 50 and 509 ppm. Body
its, body weight gain and food consumption were statistically

ificantly decreased for parental animals, males ard females, throughout
study at the HDT. In addition, a statistically significant increase in
:ive testes weights was seen in both generations. Therefore, the
sductive NOEIL and LEL are 10 and 350 ppm (0.5 and 2.5 mg/kg/day),
:ctively, and the Parental NOEL and LEL are S50 and 500 ppm (2.5 and 25
3;/day), respectively.

.A.3. TNCERTAINTY AND MODIFYING FACTORS (ORAL RfD)

100. An uncertainty factor of 100 was used to account for the inter- and
ispecies differences. :

-
Py

A.4. ADDITIONAL COMMENTS (ORAL R£D)

Considered for Establishing the RfD

-7Jear Feeding - dog: NOEL=1l5 ppm (C.48 mg/kg/day):; LEL=130 ppm (4.97
‘/kg/day) (statistically significant decreased P-II waves in females at
.Y 175 £ study and cardiac toxicity seen in two male dogs): core grade
nimum {Ciba-Geigy Corp., 1987a)
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2)

3)

4)

5)

006337

2-Generation Reproduction - rat: Reproductive NOEL=10 ppm (0.5 mg/kg/day);
Reproductive LEL=50 ppm (2.5 mg/kg/day) (decreased body weights of pups of
the second generation on postnatal day 21); Parental NOEL=50 ppm (2.5
mg/kg/day) ; Parental LEL=500 ppm (25 mg/kg/day) (decreased body weights,
body weight gain, and food consumption in both parental males and females
throughout the study: In addition, the increase in relative testes weights
seen in parental males could be treatment-related since it was seen in both

- generations); core grade minimum (Ciba-Geigy Corp., Agricultura. Divisien,

1987hb)

2-Year Feeding/Oncogenicity - rat: Systemic NOEL=70 ppm (3.5 mg/kg/day):
Systemic LEL=500 ppm (25 mg/kg/day) (reduced body weights and food
consumption); core grade minimum (Ciba-Geigy Corp., 1986)

Teratology - rat: Maternal NOEL=10 mg/kg/day; Materanl LEL=70 mg/kg/day
(reduced body weight gain in first half of gestation; High mortality at 700
mg/kg/day) ; Developmental NOEL=10 mg/kg/day; Developmental LEL=70 mg/kg/day
(delayed ossification); core grade minimum (Ciba-Geigy Corp., 1984a)

Teratology - rabbiti: Maternal NOEL=1 mg/kg/day; Maternal LEL=35 mg/kg/day
(reduced body weight gain and reduced food consumption); Developmental
NOEL=5 mg/kg/day: Developmental LEL=75 mg/kg/day (HDT; increased
resorptions, decreased fetal weights of male and female pups, delayed
ossification of appendages); core grade minimum (Ciba~Geigy Corp., 1984b}

ther Data Reviewed:

1)

2)

3)

4)

Oncogenicity - mouse: NOEL=300 ppm (45 mg/kg/day); LEL=225 mg/Xkg/day
(cecreases of 23.5% and 11.0% in mean body weight gain found at 91 weeks in
male and female mice, respectively and increase in the incidence of cardiac
thrombi in female mice):; core grade guideline (Ciba-Geigy Corp.,
Agricultural Division, 1987c¢)

2=-Year Feeding - dog: Systemic NOEL=15 ppm (14.1 ppm (0.33 mg/kg/day);

analytical value]; Systemic LEL=150 ppm (141 ppm (3.5 mg/kg/day): .
analytical value] (increased heart and liver weights in females; effects
at 1500 ppm included reduced food intake, decreased body weight, reduced
hemoglobin and hematocrit values); core grade supplementary (Ciba-Geigy

Corp., 1964)

3-Generation Reproduction - rat: Systemic NOEL>100 ppm (3 mg/kg/day)
(HDT) ; Reproductive NOEL>100 ppm (5 mg/kg/day) (HDT):; core grade
supplementary (Ciba-Geigy Corp., 1966)

Teratology - rat: Maternal NOEL=100 mg/Xg/cay; Maternal LEL=500 mg/kg/day
(weight loss); Fetotoxic NOEI=100 mg/Xxg/day; Fetotoxic LEL=500 =mg/kg/day
(fetal resorptions, weight loss): core grade minimum (Ciba-Geigy, Corp.,
1971) :

Data Gap(s): None
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CONCLUSTONS:

Under the comditicns of the study, atrazine was oncogenic in (Cp-)
Sprague~lsuley "nts: an increase in carcinomas of the mammary gland was
observed in females fed 70, 500, or 1000 ppR atrazine for 2 years. Thers
was also an increase in the incidence of fibroadencames/adencmas (1000 ppm)
as well as all sonmary tumors in femgles recetving 500 and 1000 ppm when
compared to controls. There was a decrease in ®ean body weights of males
and females recetving 500 and 1000 PPm.  Survival was decreased in
high-dose femeles dut increased in high-dose males. Red coll parsmeters
(hemoglobin, hematocrit, and red cell count) were decreased in high-dose
females but not in males. The serum glucose level was decreased in
high-dose femsles at 3, 6, and 12 momths and saru triglyceride levels
tended to be decreased in high-dose males throughout the study; hcwever,

which were prodably the result of body weight decreases. Hyperplastic
changes in high-dose males (mesmary gland, -Dladder, and prostate) and
females (myeloid tissue of bone marrow and transitional epithelium of the
kidney) were of questionadle toxicologic 1importance. There was an

Tiver in nigh-dose females and an increase in degsreration of the rectus

femoris muscle 1in high-dose males and females whe. compared to controls. -

Based on decreased body weight gain, the LOEL for chrenic toxicity in
males and females is 500 pom and the NOEL is 70 ppm.

Core Classification: Core Kinimum. The study can be upgraded to Core
Guideline if individual anims) disposition data can de provided.

129
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A. . MATERIALS:

1. ng_m,m: Atrazine technical; description: a white powder,
batch “No. FLO821575; stateq purity: 98.9 percent--contaminants

were mot described.

2. Test Animals: Species: rat: strain: Sorague-Dawley {Cri:coss
CO (SD) BR]: age: 30 days at receipt and 37 ta I8 days at
initiation; weight (mean): 110-3111 g for females ang 145-148 g
for males; source: Charles River 8reeding Laboratories, Portage,
MI. Animals were dcclimated for 7 to 8 days.

8.  STUOY DESIGN:

1. Animal  Assi 3 Animals were dssigned randsaly to the
following groups using a computer-randont zed program:

Dose
. in Chronic
Test Diet Toxicity Omcogenicity 1 1£4
Group (pom) _Subgroyp —subgroyp 1 1
‘ MWoF A L ey ‘%‘Ej*r
1 Control ] 20 20 70 10 10 10 b ] 10
2 Low (LOT) 10 20 20 50 50 - -— -— -~
3  Nid low 10 20 20 50 50 -— - -— —
4 Mid (MOT) 500 20 20 50 50 - - -— -—
S High (HOT) 1000 26 20 10 70 10 10 10 10

'The chronic toxicity animgls were primerily for ciinical ladoratory
analyses.

These rats received control diets for 1 month prior to sacrifice.

2. Qiet Preparation: Otets wers prepared weekly and presented to
animals within 3 days of presarstion. Homogeneit: and stabiifty
were assayed prior to study initiation and diets were analyzed
monthly for concentration of test compound. The test material
wes 3130 assayed monthly to determine {ts stability.

:  The test material was stable throughout the study; the
mean (22 S0) puritv was 95.922.3 (range, 93.3-98.0) percent.
Homogeneity was acceptable and the concentration of the test
material recovered from the diets after 2 weeks of storage at
ambient temperature was greater than 92 percent. Mean concen~ |
trations of the test matertal 1in diets for 26 intervals of
analysis and at 95 perceat confidence limits (22 SB) were
9.90=0.79, 70.2:3.0, 503219, and 999+35 pp® for nominal
Tevels of 10, 70, 500, and 1000 ppm, ‘respectively.

5
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3. Animals received Purina Certified Rodent Chow No. 5002 (with or
- without test compound) and water 3d 1ibitum. Animals were caged
individually in temperature- and humidity-controlled rooms where

the afr was filtered through HEPA and charcoal. ‘

‘4. 3tatistics: Body weight, food consumption, clinical pathelogy,

, and organ weight data were analyzed by ANOWAR and significant
differences examined by Tukey°s (equal populstiens) or Scheffe's
(unequal populations) tests for multiple comparisses. Non- -
parametric data were analyzed by the KXruskal-wWallis test.
Survival was examined By the Cox-Tarone test using 11fe tadles as
well as by the nonparametric-ranked score test of Gehan and
Breslow for trend ang heterogeneity. Graphical evaluation of
survival was determined dy Karlan-Meir product-l1imit estimates.

Nonneoplastic incidences were evaluated by the Cochran-Armitage
trend test and the Fisher-Irwin eract test with the Bonferroni
adjustment for significance lewel (p = 0.05/4, 0.0128).

Some neoplastic incidences were analyzed by the method of Dinse
and Lagakos Because of observed intercurrent mortality
differences. This method allows delinesting the effects of
dose x age on prevalence; comtinuity correcticns were applied. -
Where appropriate, adenomas amd carcizomas were combined (and in
some cases hyperplasia) for amalysis; carcinomes alone were also
evaluated. Analysis of pitsitary tumors im females combined
adenome and carcinoma, and Ddoth prevalence and 1ife-tadle
analyses were performed.

S. A quality assurance statement was signed and dated April 29, 1986.
C.  METHOOS AND RESULTS:

1. Qbgervations: A1l  animels were observed twice daily for
mortality, mordidity, and overt toxic signs; individual animals
were examined weekly and palpated for tissue mssses.

%‘j*m: There was an increase ‘n the incidence of tissue masses
n females receiving 70, 500, or 1000 ppm (Table 1. Irritability

was noted at an incressed incidence in males receiving SO0 ppm
(n=22) and 1000 ppm (n=26) when compared to controls (n=13).
Gther signs of toxicity werse those commonly seen in rats and were
2t a similar Incidence in both dosed and control groups.

Mortality and percent survival at selected iatervals are summa-
rized in Table 2. In males, survival was imcreased in a2 dose-
related manner (p <0.003, using the Cox Tarcne test) and was
significantly nigher in males recelvimsg 1000 ppm when compared to
controls (p = 0.0055, using pairwise comparison). In contrast,

xoinse. G. €. and Lagakos, S. W. (17983) Rognssion analysis of tumor
prevalence data, J. R. Stat. Soc. Ser. 12:236-248.

6
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TABLE 1. nlnnlo_‘rlssuo Mass Observations in Rats Fed Atrazine for 2 Years

: 3

- —Nudber of Animals with Mass

Location v 0 10 10 - 500 1000 0 10 10 500 1000
Abdomen - o2 17 e 2 B % 0w s2 s
Axilla o 0 0 0 2 3 6 9 9
Chest 2 0 1 s 2 10 14 18 21 32
Perianal 0 0 0 2 0 s 2 & 20 s
Perineus 5 1 | 2 7 9 14 2 20 35
Back | 6 ’ 5 8 7 2 2 3 2 12
Side 2 3 0 7 8 11 I 1 I | I " SR
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TABLE 2. Cumulative Mortality and Percent Survival® st Selected
I;‘nornls in Rats Fed Atrazine for 2 Years

———Nortality (Percent Survivai) at week
Oose Group

(pom) 52 _ 18 Termingtion
Bales
0 2 (97) 13 (83) 40 (46)
- 10 3 (96) 11 (86) 37 (47)
70 3 (96) 10 (86) 31 (56)
500 1 (99) 10 (86) 30 (57)
1000 1 (99) € (94) 23 (67)
Eemgles
-0 2 (37 11 (84) 35 (50)
10 5 (93) 16 (77) 39 (44)
10 0(100) 12 (83) 40 (43)
500 2 (97) , 13 (81) 44 (37)
1000 2 (97) 17 (78) 52 (28)

'Percmt Survival was based on 70 rats/sex/group except for control males
{n=71). ’
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survival in females was decreased in a dose-related manner,
(p value for a negative trend = 0.0016) and was significantly
lower (p = 0.0042) 1n high-dose Females when compared to controls.

2. fody Weight: Rats were weighed weekly for 13 weeks and manthly

thereafter. Body weights at scheduled sacrifices were determined
for fasted animmls.

Rn*lg;: Representative body weight data are summarized in
Table 3. Mean body weights were significantly depressed in notn
males and females recelving 500 and 1000 ppR with the axception
of the mean weights of males in the last 2 months of the study.
The 24-month weight gain in the high-dose animsls was 76 percent
of control for the males ant 64.5 percent of centrel for the
females. In the recovery grovps, the weight gain for month 13
forr nReles previcusly receiving 1000 ppm was £3214.5 3., compared
to 20£17.9 g for controls (p <0.01), and for females previocusly
receiving 1000 ppm 1t was 56231.6 g, compared to 16211.9 g
for controls (p <0.01). However, the mean weight at 13 munths in
these males was still significantly (p <0.01) lower than controls.

3. Food Consumption and Compound Intake: Consumption was determined
- and mean dally diet consumption was calculated. Efficlency and -

compound intake were calculated from the consumption and body

weight gain data. ]

Resylts: Representative food consumption data are summarized in
Table 4. Food consumption values were significantly decreased in
mid- and high-dose males for the first 13 months, for the mid-dose
females for the first 12 weeks of the study, and for the high-dose
females for the first 6 months. No significant differences in
food consumption were noted in recovery malies or females during
month 13, althowgh there were significant ‘ncreases in weight gain
in male and female groups that had previcusly received 1000 ppm.
Food efficiency was similar in dosed and control groups.

4. mm: Ophthaimologic examinations were performed on °
contral and high-dose rats prior to study initiation, orior to
sacrifice at 12 and 13 months, and prior to termina) sacrifice.

R?g!;;: T.are were no adverse Findings at the interim sacri-
ces. The changes seen at terming) sacrifice, mild keratitis,
neevascularity, or cataracts, were considered due to use of
pewdered food, to ordbital bleeding, or to aging. These finding
occurred at a similar frequency in contrel and high-dose males
and femmles.

5. 8lgod Parameters: Blood was collected before treatment and at
3-month intervals for hematology and clinical chemistry analysis
from all surviving animsls in the chronic toxicity subgroups
(initially 20/se=/qroup). It was also collected from 10/sex in
the control and high-dose groups scheduled for sacrifices at 12
and 13 months. The CHECKED (X) parameters were examined.
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_TABLE 3. Meen Body Yeights &t Selected iatervels in Rate Fed Atrazine for 2 Yeers

-
| . _Masn Sody Weight (e250) v vaok
Gosn Level
(oom) 0 : 13 % 2 ™ 108
N Wies
0 146218.2 2122213 $32044.2 6372638 7278914 7672110.7  T082126.7
10 a@fs:;fn.z 213219.7 581247.2 646271.2 737¢98.4 732139, 8 73921409
70 16217.6  209819.0 316241.6 61726i.0 7132826 7792 9.2 7022 97.7
%00 452180 ISPLIS.3ee  AGISIR.9N 4E250.6%0 .  GIIID.I 67RE 9940 6desii9d
1000 u&::j.: IG9L19.9¢%  436237.6%%  S0B242.3%®  STEL52.1%* 4102 41.8%e 372+ 97.0%e
Exmpiey .
0 102118 1342141 283227.2 330£36.0 on9v.3 672 9.2 4962108.7
10 112121 155213.8 %2225.2 22997 ©es87.2 4732 95.1 a2
7 112113 193215.2 279226.0 324238. 1 08267.2 712 09,4 480%106.8
500 HI212.8  143213.380  292020.3¢6  299226.4%¢ 342043580 3712 73.7%  402+106.8°
1000 111£12.2  139210.29% 299221490  271$27.49%  30R236. [0 3412 99,10 3giemi_jes

*Significantly differest froe comtre! velus (p<0.05).
FeSignificantly different from control velue (p8.01).
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TABLE 4. Food Consumption Data at Selected Intervals ia Rats ’
SN ﬁ?d Atrazine for 2 Years

i1 n_F reymption (g/rgt) st Week

it 13 2 s2 18 104
Kales

0 22.2 21.2 271 26.7 2.5 22.2

10 22.1 26.6 26.9 7.2 2.9 23.1

10 .4 26.1 26.2 26.6 24.1 22.9

*;sbo 1977 28.1%  24.6%=  25.3 2.0 2.1

1000 17.77 22,77 234w 238w  23.2 21.0
Females

0 17.5 18.1 19.7 20.7 18.8 18.1

10 7.8 18.3 19.3 20.5 20.2 1.4

10 i1.9 18.0 19.6 0.0 9.8 17.3

500 16.1%  11.0 19.1 20.0 17.9 18.1

1000 14,47 167"  1g.4*  19.8 17.8 16.5

*Significantly ¢:fferent from control value (p <0.05).
**Significantly different from coatrol value (p <0.01).
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‘a. Hematology

Hematocrit (HCT)? X Leukocyte differential count
Hemogladbin (HGB)t X Mean corpuscular HGB (MCH)
Leukocyte count (W8C)*t Mean corpuscular HGB concentration
Erythrocyte count (R8C)*? (McHC)

Platelet count? Mean corpuscular volume (MCV)
Coagulation time Heinz bodies

L B N B B _F I
>

> ¢

Resylts: In females receiving 1000 ppm, significantly lower mean
R8C, MGB, and HCT were noted at 6, 12, and 18 months when compared
to controls (Tadle 5). The values were somewhat depressed in
high-dose females at 24 months, however, cnly four females were
used for clinical studies. RBC, Mid, and HCT were 8150 decreased

in the 10 females receiving 1000 ppm and scheduled for sacrifice .

at 12 months. The values approached—controT levels at 13 months

“"in" the "1000-ppm recovery group. All values for parameters in
dosed males were similar to these in the control groups with the
exception of an increased mean platelet count at 6 months in rats
receiving 1000 ppm. Increased platelet counts were also seen at
6 and 12 months in females receiving 1000 ppm.

b. Clinical Chemistry

Em:m_'g:z __Other
Calcium Albumint

X X
X Chloridet Blood creatinine?
Magnesiumt X Blooa urea nitregent (Bun)
X Phosphorust X Cholesterolt
X Potassium? X Globulins and A/G ratio
X Sodium? X Glucoset
Enzymes X Total bilirubint
X Alkaline phosphatase X Total proteint
Cholinesterase (R8C and X Triglycerides
serum)
Creatinine phosphokinase®
Lactic acid dehydrogenase
X Serum alanine aminotransferase (also SGPT)?
X Serum aspartate aminotransferase (also SGOT)*
X Gamme glutamyl transpeptidase (GGT)
X Creatine phosphokinase

Re3yits: The level of serum triglycerides in high-dose males
wis, in general, lower than control values throughout the study
(Table 6); however, the decresse was significant only at 6 months.
In groups scheduled for the 12-month sacrifice, the level iIn
high-dose males (103.10:47.81 mg/dL) was significantly Ilower
(p <0.01) than in control males (228.30295.44 mg/dl). At the

1'Re«:cm'eﬂded by Subdivision F (October 1982) guidelines for chronic
studies.

12
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TABLE 5. Selected Hematology Oata on Female Rats Fed Atrazine for 2 Years
* : Dietary Level (ppm)
Parameter/
Honthly Interval 0 ' SQo0 1000
Erythrocytes (106/mm3) .
3 7.7420.30 (20)® 7.6620.41 (20 7.4020.27 (20)
5 7.43$0.39 (19) 7.17$0.33 (20 6.8620.41(20)
12 6.74£0.32 (19) 6.1420.81 (18) 5.9521.13* (18)
18 7.72£1.00 (17) 7.0420.63 (15) 6.2321.09*=(12)

24

7.2021.21 (8)

16.3320.59 (20)

§.1421.43 (6)

16.2320.66 (20)

6.3620.90 (4)

15.7620.59 (20)

8 15.7020.77 (20) 15.2920.65 (20) 14.6620.84*=(20)
12 13.5520.80 (19) 12.6320.98 (18) 12.1522.19* (18)
18 14.1821.64 (17) 13.1921.22 (195) 12.1321.86" (12)
24 13.6021.62 (89) 12.1222.01 (6)

Hu;tocr*lt (%)

41.8621.44 (20)

41.52£0.84 (20)

12.3021.21 (4)

40.2621.58 (20)

8 39.4621.89 (20) 38.5021.90 (20) 36.9122.18**(20)
12 42.0423.03 (19) 39.0823.73 (18) 37.5326.73* (18)
18 42.9824.87 (17) 39.7923.40 (19) 36.4625.41* (12)
24 42.0625.11 (9) 37.6826.54 (6) 38.0823.35 (4)

*Significantly different from control value (p <0.05).
**Significantly different from control value (p <0.01).

‘The numbers of animals included in calculation of the mean £SO are given in parentheses.

13
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TARLE 6. Serum Triglyceride Levels (250) in Male Rats Fed Atrazine for 2 Yeers

Tri

Dose Level - : :
(ppm) 3 é 12 18 b |
0 98.372 64.16  139.26: 08.3% - 221.03%145.16 IIOJal’?_Jl 148 822 72.33
10 103.79¢ 62.29  147.742 98.68  241.16£103.89 225.752124.14  120.9B¢ 54.49
b, 99.332 53.64  123.83% 84.87  251.322149.50  232.132143.48  211.312116.98
500 62.21% 14.42 87.2i¢ ‘66.9‘ 171,92 58.32  171.092 69.91 141.732 64.90
1000 33.00% i4.36 36.55% 18.12% 110.45% 43.08  133.00% 95.88  107.85% 62.49

*Significantly different from control value (p <G.0%).

14
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13-month sacrifice, the triglyceride Tevel was similar in control
meles-and those that had previcusly received 1000 ppm atrszine.
In females, glucose levels were decreased (p <0.01) 4in the
high-dése group at 3, 6, and 12 months when compared to controls
(Tadlig 7). Other changes 1in clinical chemistry parsmeters
occurred sporadically 1in  high-dose animals and were not

considered compound related since there were no patterns
consisteant with dose or time.

6. Uringlyses: Urine was collected from fasted animals {chronic
toxicity groups) at 23, &, 12, and 18 months and prier to
termination. It was alse collected from animsls of the control
and -high-dose groups prior to sacrifics at 12 and 13 months. The
CHECKED (X) parameters were examined.

X Appearancet X Glucocset

X Volumet X Ketonest

X Specific gravityt X Bilirydint
X pH X Blood?

X Sediment (microscopic)? X Nitrate

X Proteint X Urobilinogen

Resylts: Urinalysis data in desed groups were comparable to
control data and within the normal ranges.

7. Sacrifice ang Pathology: A1l animals that died or were sacrificed
on schedule were subject to gross pathological examination and
the CHECKED (X) tissues were collected for histological examina-
tion. The (XX) organs in 3ddition were weighed |

Qigestive svstem Ml?.;.l&&m_!_ m:s_gs_;' i ,
Tongue Aorta XX Brain? (3 lovels)
Heart?

X Salivary 2Iands* X X Peripheral nerves (sciate)!
X Esophagus X Bone marrow! X Spinal cord (3 Tevels)
X Stomach? X Lymph nodest X Pituitaryt
(3 ln:s) X Sﬂm: X fm*]
X Duodenum X Thymus §landylar
X Jejunymt !mi_q_l_ XX Adrenzist?
X Ileumt? XX Kidreys Lacrimal gland
X Cecumt? X uﬂnar; bladder? X Masmary glang®
X Colont XX Testes X Parathyroidst
X Rectum? XX Epididymides XX Thyroidst
XX Livert XX Prostate Qﬁ;
{2 sections) X Seminal vesicle b 4 e (femur)
Gall dladder? XX Ovaries X  and bone marrow’
X Pami:rus* X Uterus/cervix X g&k:utﬂ muscle?
Respiratory X n
X Trachea X Harderian glands
X Lung/bronchit X A1l gross lesions and

aasses

fRecmnded by Subdivision F (October 1982) gquidelines for chronic
studfies. 15
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-

-

Serum Glucose Levels (mg/dL) in Female Rats
Fed Atrazipn for 2 Years

006937

Interval
(Maonth)

0

‘ Dose Level (pom)

1000

12
120
18
2

135.952 14.919
148.792 15.31
127.162 20.52
121.802 14.82
112,182 29.15
112.062118.40

117,252 12,16
129.792 20.40*
103.50¢ 22.74®
99.70% 19.32
104.002 22.28
88.25¢ 20.01

*Significantly different from control value (p <0.05).
'Hcan %+ standard deviation.

hRats (10) from the oncogenicity group scheduled for interim sacrifice.

16
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Resyits:

a. %F‘mg_g‘: The absolute weight of liver and kidney in
gh-dose males sacrificed at 12 months was significantly

c.

{p £0.05) lower than controls. The mean weight of the liver
was 14.7122.81 g for the high-dose group amnd 19.7023.4% g
for the controls; the mean weight of the kidneys was

3.6720.40 ¢ for Nhigh-dose males, compared to 4.3920.58 g
for controls.

At 24 months, the mean absolute weights of liver and kidney
in high-dose males were lower than those of controls, but the
decrease was not statistically significant. There were no
other changes in absolute organ weights of males and Females.

There were several 1{increasss in argan~to-body weight ratios
in high-dose animals that were significant (p <0.05) when
compared to controls but they were not accompanied Dy changes
in absolute organ weights. These changes were the resuylt of
decreased Dody weights. At 12 months, the organ-to-body
weight ratios for Brain and kidney were increased in high-dose
males: at 13 months, the ratios for brain, kidney., and testes
were increased and at 24 months the ratios for bBrain and
testes were increased in high-dose males. In high-dose
females, the organ-to-dody weight ratios for adrenal, brain,
kidney, and liver were increased at 12 and 22 moaths. There
wes 4n increase in tie ovary-to-body weight rztio at 13

menths in the recovery group that had previcusly receivzsd
1000 pom.

P 1 : For most organs there were very few grass
abnormalities noted at necropsy. There were no notinle
abnormalities at the 12- and 13-month interim sacrifices when
high-dose rats were compared to controls. In tae mz2in study,
there was an 1increased incidence of abnormal pelvic contents
in the kidneys of high-dose males (10/€5) when compared to
controls (4/67). In females, there were scme increases in
the incidesce of masses in the abdominal, thoracic, and
axillary regions in rats receiving 70. 500, and 1000 ppe when
ccmpared :: controls. Correlation of gross and microscopic
findings Indicated that most of the masses were mammary
tumors. Mssses found on weekly palpations were correlated
with gross finding for all individual males and all nigh-dose
females. An excellent correlation was found (see Biscussion).

Microscente_Pathology:

1. ?mg‘nmj_q‘gg: A summary of selected nonnecplastic
esions 1s presented in Tabie 8. Several proliferative
lesions occurred with fincreased frequency in atrazine-
dosed rats. Acinar hyperplasia of the memmary gland and
epithelial hyperplasia of the prostate were increased in
males receiving 1000 ppm when comparsd to controls. In
female: receiving 500 or 1300 ppm there was an increased

17
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TARLE 8. Nonnecpiectic Lesiens in Rets Fed Afrezine for 2 Yearg®

=

~fistery Lovel (pom)
LT Famples
Orgen/Finding ) 10 ® S0 1000 ° 10 7 %0 000
o om e ey e W6 (M (B &N e
Acinar hyperplasia 14 1 ] 7 21007 ] L] ] 0 -]
Sone sgrrov—femr € 6N 6D Wn 6N o 6 (M (B (s
Myeloid hyperplasia 23 20 )] u 27 > 3 2 pee  s2ee
fone sprrow—gternym ()] &) N ®n (&6 wa (5 @ .48
Nyeloid hyperplesia 23 z 2 27 ) u 2 2 53¢ ggeeTl
Spleen 5 (65 (6N 6N N B 6 (M 6N &9
Extramdul lary hemstopoiesis 6 10 14 9 9 12 4 ] ] 2 2o’
Kidney ) (@ 6D D N B G5 (W D N
Pelvic caleuli 13 16 " 7 sisel g7 52 s7 s -
Niero caleuli 3 S 3 ? ] 3 (] 0 3 2
Hyperplasia, trancitionsi
opithel ium ° s 12 3 a3 1?7 10 see 9 3iee
i ) (@5 (N (6D (8D WD 6D M 6N s
Hyperpissia, transitionsl
wpitheliue ) 2 3 3 ¢ 4 ] | 3 Qe
Progtete 3 (6N (6 (N (6
Epitheliel hyperpiasia 12 16 " 17 29007
i fepori ) (€ (6N (® (6N BN 6 (D ) (6
Oegeneration . 7 7 10 2mee? ] s 9 8 . a3t
Exe €5) (5 (@D N 6N W (5 (N B (5
"Retinel degenerstion 2 2 5 3 7 12 ? 13 16 22e7
Liver ) (@B (6N N (N ) (5 @M (N 9
Centrolobulasr necrecis [ ] 3 1 2 2 3 3 ! 4 120

®includes animais ot Perminel
termination.

sacrifice end those that died or were sacrificed moribund fram sonth 13 fo study

bﬂn fumber of tissues exssined is givem in parentheses.

*Significantly ditferen? ‘ran comtrol incidence (p <0.09%).
$eSignificantiy different from comtrol incidence (p <€0.01).

Tﬁuiﬁn dose-ceiated frend {p <0.0I).

18

143




incidence of myeloid hyperplasia in the bone marrow of
both the femur and sternum. It was reported that the
bone marrow changes. as well as an increase in extra-
medullary hematopoiesis in the spleen, wers sequellae
related to mammary fibroadenomas and adenocarcinomas.
The myeloid hyperplasia was characterized by a decrease
in the number of fat cells in the marrow and an incresse
in  hematopoietic tissue, particularly cells of the
granulocytic series. In females rscetving 1000 ppm,
there was also an increased incidence of hyperplasia of
the transitional epithelium of both the kidney (p <0.01)
and urinary bladder (p >0.05). The incidence of calcult
in the renal pelvis in high-dose males was increased
compared to controls. Muscle degeneration (femoral
wyscle) was found tn both high-dcse males ang ferales.
Retinal degeneration was increased in both dosed males
and females; the incidence being significantly (p <0.05)
higher in the high-dose females than in controls. In
high-dose females there was an increase in coaqulative
centrolobular necrosis in the liver. Thers was a slight
increase in chronic pododermatitis in females receiving
S00 and 1000 ppm (16-17%) when compared to controls (1%)

but the incidence was much lower than in all groups of -

males including contrels {30-39%).

Neoplastic: Table 9 summarizes the necplastic lesions
found in rats that died from month 13-2¢ or were sacri-
ficed at termination. There was ar increased incidence
of mammary adenccarcinoma in females receiving 70, 500,
or 1000 ppm atrazine and an 1increase in fidroadenoma in
high-dose females. Several females had suitiple mammary
tumors. There was alsc an increase in adenocarcinoma in
high-dose females at the 12- and 13-month sacrifices
(Table 10). Statistical analysis by the report authors
included all animals on study and used life-table analysis

and pairwise comparison with the Cox-Tarone test and.

Gehan-8reslow test. These results are included in
Table 10. There were statistically significant increases
(p <0.05) in carcinosas for females receiving 7G, 500,
and 1000 ppm atrazine, in adenomas and fidroadencmas for
females receiving 1000 ppm, and in total mammary tumors

in females receiving S00 and 1000 ppm. There were

significant (p <0.00005) positive dose trends for all

three categories (sarcomas, fibroadenomss plus adencmas,
and 21l mammary tumors). '

Atrazine was oncogenic in female CO Sprague-Oawiey rats. There were
increased incidences of mammary carcinomas at 70, 500, and 1000 ppm,
all mammary tumors at 500 and 1000 ppm, and of masmary adenoma and
fibroadenoma at 1000 ppm. Survival was significartly higher in males
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TARE 9. Neoplastic Lesions in Rats Fed Afrazine for 2 Years®

006937

—Qistery Lovel (pow)
—tple Feies
Orgen/lieen!oes 0 10 f, ) 509 1C00 ] 10 T L) 1000
Brsin €% wH wn 6N &n L T T ™ S 7 PO
Orromophobs carciname 3 1 ' ] I 2 i 3 ] 7
Astrocytoms ! L] 0 o 2 e '} 0 0 o
Adrengl 69 (5 (6N 6N (6N ) %N (D 6N (69
Pheochromocytons }] 9 4 ] S 1 2 2 3 4
Cortical sdancms 1 3 0 e 0 3 3 6 4 3
Pityiteey - G0 WH 6D (6O  GD D 6 e (6% 6
Chromophobe adencme 2 2 F 24 17 &7 &t 9 47 35
Chramoghobe carciname b ] 7 ® 7 4 9 é 9 14 13
Dhyroig 6 (55 (D N &N ) W) & (B
C-coil adename 12 9 ] 2 9 | N io [ ] 3 3
C-eal} carcinome 2 4 2 3 -3 ] o t ) ]
Folticuler coll adenona 4 4 i 2 3 ' ! 1 "] ]
Kidney } ) (&5 (D (N (N M W ;6N  6n
Lipogsercome ] -] b ] G 2 ] 0o ] ] ]
i 63 &% 6N &7 N (68 L) (& (69) (63%)
Hepstoceiivier carcinome 4 pJ L] t 2 [+ ] ] i ] Qo
Hepatoce!lular sdencme 0o o H 2 3 L} L 2 i ]
Pancrees : ) & 6N W N @D W M (6D (6%
islet ceil sdencms 4 S ) 2 3 3 o 5 1 Qo
Isiet cail carciname ! t 3 ] 0 $ 1 2 0 0
Testis 5 (@ <N (&N &N
Interstitial cal! tumor 1 3 2 2 7
Uterye BN @3 N 6D (6%
Endanetrisl stromai pelyp 4 [ 3 0 3
(Continued)

“Mhis tabutation includes snimals s.crificed ot ermi
months and study terminetion.

Statisticel notations are not incl

included animsis secrificed st 12 and |3 months.

bT'ho rumber of tissues examined is in perentheses.

nation or found dead or sacrificed moribund Dutween i3
wded in this *able since the euthors’ Mnalysis
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TABLE 9. Necplastic Lesions in Rats Fed Atrazine for 2 Yeers® (Continued

-

. ' Distary Lovel Comm)

Kales famoles
Oryan/Neop | amm Q {1 0 500 1000 [+ ] )] 500 i000
(58) (5 wn (64} (6% (3] (a4) (. 6% (23]
Adenocare ) nome o ! ] 0 ! 15 1% % 27 3%
Fibruadencans [} ! ! i 0 2 b J 35 - Q2
Adencme . [+] o 0 ! 1 ] 0 t ! 2
Cweim ] ] Q0 0 [+ ] L ] U ] ] [ ] 2
Skin 1)) (3] (4} ()] (]
Keretcecanthans [ 3 0 2 2. ] 0 2 0 !
Lipane 2 o 0 '] ] ' 0 0 o (]
Fidrome 0 Q 0 0 3 0o 0 o 0 0
Trichospi the! iame 0 0 o 2 ] -] c ¢ Q 0
Zyubel gland carcinoms 4 2 ] 3 H ] ) t o 0
({Conciuded)

'nus tebulation includes snimels sacrificed at termination or found deed or secrificed moribund batween 13
months end study terminetion. Stetistical notations are not inciuded in Mhis table since the suthors’ analysis
included animals secrificed ot 12 and |3 morrihe,

B
The number of tissues examined is in perentheses.
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TABLE 10 Mammary Tumors in Female Rats Fed Atrazine for 2 Yuri

2

1] 10 70 500 1000

12-mon 1£1ce/dq ed rif4 1

No. tissues examined 12 ] 1 -4 15

Adenccarcinome 0 1 1 ¢ 3

Fibroadenoma 0 0 1 1 1
13-month sicrifice

No. tissues examined i0 -~ - - 10

Adenocarcinoms 0 -— - -— S

Fibroadenoma 0 - -— - 2
T ing] 1£4 ribun rifd 1

No. tissues examfined ' 66 64 68 65 653

No. rats-—adenccarcinoma and

carcinosarcoms 15 15 26 27 7

No. of adenocarcinomas 17 22 42 48 64

Ko. rats--fibroadenoma 29 29 35 38 2

No. of fibrosdenomas 37 48 48 1] 69

Mammary tumor-bearing rats 35 39 47 47 {1
All 3nimgls on study

No. of tissues 88 89 69 70 289
Carcinomas 15 16 27 27 45
Adenomas and fibrosdenomas 29 rg ) k{3 39 88
All tumors 35 40 48 48 85

vgl b
Carc!no-s-Cox—Tam

0.0454 0.0071 <0.00005

--Gehan 8reslow 0.029C 0.0016 <0.00005
Adenomas and fibroadenomas--Cox-Tarone 0.0685 0.000¢
All tumors--Cox-Tarone 0.6071 <0.00005
--Gehan-Breslow 0.0050 <0.00005

‘valucs differ from those in final report by 1.
bun-table analysis, patrwise comparison.
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Page lfzz is not included in this copy.

Pages through are not included.

‘The material not included contains the following type of
information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality contrél procedures. ;
Identity of the source of product ingredients.

Sales or other commercial/financial information.

A draft product label.

The product confidential statement of fortiula.

Information about a pending registration action.

The document is a duplicate of page(s) .

><f FIFRA registration data.

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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DATA EVALUATION REPORT
I.  SUMMARY:
SIUDX IXPZ: oncogenicity - mouse (83-2) CASWELL NO: 63
ACCZSSION NUMBER: MRID NO,: 404313-02

TEST MATERIAL: Atrazine

SYNONYMS: 2-Chloro-4 --thylanino-s-1sopropy1nino-;-triuino

STUDY NUMBER: 842120

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.0. Box 18300
Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207 ,

IESTING FACILITY: Division of ‘roxicclogy/l’atholaqy. Ciba-Geigy
Corp., Summit, NJ 07501

IITLE OF REPORT: Atrazine - technical: 91-week oral
. carcinogenicity study in mice.

Amgg_s__: J.R. Hazelette, Ph.D. and J.D. Green, Ph.D.

REFORT ISSUER: October 30, 1987

CONCLUSIONS: Atrazine was not oncogenic to the CD-1 strzin of
mouse under the conditions of this assay.

NOEL = 300 ppm (45.0 »g/kg)

IEL = 1500 ppm (225.0 Bg/kg) based upon the effects found in
male and female mice. The NOEL and the LEIL were determined on -
the following bases. The LEL of 1500 ppm was based upon
decreases of 23.5% and 11.0% in mean body wveight gain found
at 91 veaks in male and female mice, respectivaly. Also, an
increase in the incidence of cardiac thrombi was found in female
mice in the 1500 PPR exposure group. None of the above effects
were found at 300 ppm, thus the NOEL for atrazine in mice was set
at 300 ppm.
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‘At the highest expeosurs level, 3000 ppm, atrazine exposure
in both sexes of mice caused:

2

1) a decrease in the nean body weight gain at 12 and 91
weeks,

. 2) a decreass in food consumption rates,
i 3} an incresase in the incidence of cardiac thrombi,

.'4) a decrease in srythrocyte count, hemoglobin
; concentration and hematocrit, and

in tdmain nice only, atrazine exposure caused:
‘«if an increase in mortality,
'jﬁ) a2 decresase in msan brain and kidney weights, and
 5) dog;onscd pofcontaqin of n.utfophiln and lymphocytes.

Classification: core-guideline: This classification is
based on the fact that the methodology requirsments established
in the Pesticide Assessnment Guidelines, Subdivigion P §83-2 have
been satisfied.
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Ix. MATERIALS: 37
A, Im_cg.nmndz atrazine
Description: - atfazino. technical-grade
Batch #: 841802
Purity: The puxrity of atrazine used in this study was
not given. , ,
3. Test Animals:’
Species: Mouse
Strain: CD-1 ([Crl: CD1 (ICR) BR]
Age: about 5 weeks
Weight (mean, in grams): females: 21.0 + <20%
(at week 0) males: 26.8 + <20%
Scurce: Charles River Laboratories, Kingston, NY
ITI. STUDY DESIGN:
A. Animal Assignment:
Animals were assigned randomly to the following test
groups:
Table 1
Animal Assigrment in this Study
Dose in Main Study Lsast nunmber
Test diet 91 wveeks of treatnent
Group {pom) male female
1 Control - 59 80 S1
2 Lowl (LDT1) 10 60 59 21
3 Low2 (LDTZ2) 300 60 60 91
4 Midl (MDT1) 1500 60 60 91
S High (HDT) 3000 58 60 91

Upon arrival from Charles River Laboratories, all mice were
quarantined for 2 weeks for observation prior to initiatioen
of atrazine exposure. Atrazine feeding started October 31,
1984 and ended August 22, 1986.
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B. Diat Praparation:

The diet containing atrazine was prepared within 2
wesks before initial atrazine exposure and theresafter,
about every 3 weeks. Every lot of feed containing
atrazine was used within 3} weeks of preparation. The fesd
was stored at room temperature, and on saveral occasions,
at refrigerated temperatures. The feed was analyzed for
concentration and/or homogeneity on weaks %5, 9, 13, 17, 21,
29, 33, 37, 41, 45, 49, 60, 68, 76, 84, 92 and 94. This
analysis was performed in the Toxicology/Pathology
Administration and Technical Operations Section (of Ciba-
Geigy in summit, NJ) prior to uses.

: Thasa admixtures ware reported to be
stable for at least 40 days at room tenmperaturs.
Analytical results stata that storage at room temperature
caused less than 10% variation in the stabilicy,
homogeneity or concentration of atrazine in the laboratory
chow.

The drinking water (tap water) was 2analyzed
periodically according to the standard cperating procedurs
of the Safety Evaluation Facility and was found to contain
no detectable levels of contaminants.

Feading schedule: Animals received food (called Csrtified
Purina Rodent Chow #5002) and water ad libitum throughout
the 91 week study.

C. sStatistics:

The following statistical procedures were utilized in
analyzing the numerical data:

The Barlett's test was conducted for determining
homogeneity in variances (presence of a normal
distribution) between treatment groups. If the variance
was found tc be similar between groups by the above tests,
Dunnett's tests were conducted to compare values of the
control and treatment groups.

When cutliers (or heterogeneous variances betwaen
groups) were identified, supplemental statistical analyses
were performed. Examples cof these supplemental statistical
analyses were: (1) the use of an appropriate .
transformation of the data or (2) nonparametric tests. In
addition, several test results that are known not to be
distributed normally were analyzed with the use of
nonparametric tests.
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Concerning the patiiology data sets, if their sample
size vas found adequate, the=e data were analyzed for esach
sex by the Fisher's exact test. Tumor incidences wexre
analyzed by a time-adjusted analysis by Peto’s method.
Statistical differences for survival curves between
~reatment groups for each sex were exaninsd by the use of
the following statistical methods: (1) the generalizaed
Wilcoxen Test for ejguality, (2) the Mantel-Cox logrank test
equality and test for linear trend, (3) nonparametric tasts
and (4) Kaplan-Meier sstimates.

D. ouality Assurance:

A signed quality assurance statement wvas provided by a
quality assurance inspector. According to the statement,
the study was audited sixteen (146) times during the course
of tha study. : v
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IV. METHODS AND RESULTS:

A. Clinical observations:

Aninals were inspected twice daily for pmortality and
once daily for general appearance, behavior and excreta.

Viral screens were performed cn 6 male and 6 female
mice taken randomly from the colony 2 weeks before
atrazine feeding began. The prasenca of the following
viruses were checked: minute virus, pneuncnia wvirus,
reovirus (type 3), hepatitis virus, K virus, murine
encerhalomyelitis virus, Sendai virus, lymphocytic
choriomeningitis virus, adenovirus, ectromelia virus,
polyoma virus and mycoplasma pulmonis.

Toxicitv/moxtality (survival) results: A total of 301 of
the 596 mice used in the study died. For female nmice fed
3000 ppm atrazine, there was a statistically significant

decrease in survival whereas for males, atrazine exposure
had no statistically significant effect on survival.

Table 2
Summary of Mortality
(taken from p. 41)

Sex: Males Females
3 4 5 1 2 3 4 3

Group #: 1 2
Dose (ppm): O 10 300 1500 3000 0 10 300 1500 3000
* of mice: 593 60 60 60 58® 60 3592 60 60 &0
Reason for sacrifice:
Found dead: 20 18 16 18 17 27 32 27 29 38
Sacrificed moribund: 4 ¢ 8 3 6 7 4 7 4 5

Terminal sacrifice: 35 33 36 39 35 26 23 26 27 - 15

%

survival at term: 59 S5 60 65 60 43 39 43 4s 2sd

a
b

a0

Two mice were deleted due to misidentification.

Two mica in group 5 (3000 ppm) were mis-sexed, and therefore their
data results were deleted from reporting.

One mousa in Group 2 (10 ppm) escaped from its cage and was sacrificed.
P < 0.05, generated from a survival analysis with the use of
Mantel-Cox Logrank test.
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€linical Results: There were no tresatment-related clinical
signs observed during the study. Clinical signs most
fraquently observed were: lesions, alopecia, scabs,
perineal stains, fur stains and dermatitis in all groups of
mice. No treatient-related changes in the incidence of
palpable masses occurred during the study.

Bodv weight:

All animals were weighed weekly for weeks 1-12,
biweekly during weeks 14-25, and at 4 wesk intervals
thersatter.

Besults: Dose~related reductions wers observed at weeks 12
and 91 in mean body weight gain (either % decrease or

$ gain) in both sexes of mice who were exposed to chow
containing 1500 ppm or 3000 ppm atrazine. Table 3 shows
the changes in mean body weight gain at weeks 12 and 91 in
mice fed atrazine. At week 12 males aexhibited decreases of
14.2% and 10.4% in mean body weight gain in the 10 ppm and
300 ppm exposure groups, respectively. This effect appears
to be transient in nature because it is not observed at 91
weeks at the same magnitude.

8.
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v ' Table 3
Nean Body Weight Gaim Changes in Mice Fed Atrazine
(taken from Tabls 8.3)

Dose Gain f{g) tf% !.ﬁ:.n Gain (q) tlncermo‘ % Gaip®

{ppm)
Bales
0 10.6 mn 3.1  11.s . MA 43.7
10 9.1 14.2 7.1 13.3 (15.6) 49.4
300 9.5 10.4 38.1 10.4 9.6 39.5
1500 7.1 33.0 26.79 8.8 23.5 32.9¢
3000 6.3 49.6 23.84 8.7 24.4 33.1¢
| Famales
0 9.1 m 43.7 13.6 NA 68.8
10 9.3 {2.2) 44.5 13.0 4.4 64.6
300 8.5 6.6 40.5 12.6 7.4 64.1
1500 7.8 14.3 37.9€ 12.1 11.0 61.7
3000 8.0 12.1 37.6 7.0 48.5 33.34

¥ The reviewar caicmlated body weight gain by the following formula:

% Decrmasse = - _
(increase) 100 Neam Body weight gain (control) X 100

where: Mean body welight gain = bodly weight (g) for wk 12 (or wk 91)-
body weight (g) for wk O

P The authors of thm study calculated % body weight gain by the
followimg formuaila: :

% Gair = Body weight (vesk 12 or 91) x jg0
Body veight (week 0)

€ p= <0.05 and 4 P = <0.01, significantly different from control
group when compared by the use ¢f the two-tailed Dunnett t-test
performed on the raw data.

NA = Not applicable
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Food consumption and compound intake:

Food consumption was determined in all animals on a
weekly basis during weeks 1-12, biweekly during weeks 14-25
and at 4 week intervals thereafter. Mean daily diet
consumption wers calculated from these data. The intake
of atrazine was calculated and is reported belcw. :
Efficiency and atrazine intake were calculated from tha
consumption and body weight gain data. '

Water consumption was measured in all animals on weeks
1, 2, 52, 53, 90 and 91. (Subdivision F (§83-2, asection 7
part vi) states that water consumption should be monitored
weekly during the first 13 weeks of a study and then at 4
week intervals thereafter (p. 121).]

£s: Treatment-related rsducticns in
mean food coasumption were obzerved in Group 4 males (1500
ppm) and Group 5 males and females (3000 ppm).
Statistically significant reductions in mean water intake
were noted primarily in mice fed 1500 or 3000 ppr atrazine.
Reductions in mean food consumption correlated with similar
reductions in mean body weight and mean body weight gain.
These reduction were sporadic (occurred only in certain
weeks during the study) and wers not related to the dose of
atrazine. No statistically significant reductions in mean
food consumption were seen in mice fed chow containing 10
ppm atrazine.

Table 4
Dietary Intake of Atrazine
(taken from p. 19)

Dietary Mean Daily a Range
concentration _Dose (maskq)
Males:
Group ¢ 2 10 1.4 l1.2 - 2.0
3 300 38.4 35.7 - 58.3
4 1500 1%4.0 184.3 - 293.3
< 3000 385.7 364.3 - 541.6
Females:
Group # 2 10 1.6 1.4 - 2.3
3 3400 47.9 41.1 - 73.1
4 1500 246.9 215.9 - 13163.3
S 3000 482.7 420.8 - 860.6

3 The group mean daily dose was calculated for each study
week as follows: :
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Group Mean Food Consumption g Atrazine
Group Mean Dally = ___  (g/mouse/day)

Dose (mg/kg) Mean Group Mid-Period Bedy Weight (g)

gonclusion: On the basis of a daily dose of ng/kg, female
mice fed 300, 1500, or 3000 ppm atrazine received abocut a
25% higher daily dose of atrazine than male mice in the
corresponding exposura group.

D. Qphthalmelogical examination:

Ophthalmological examinations were performed prior to
the study on all male and all female rats on veeks 26, 52,
78 and 90. '

Results and conclusiong: No treatment-related ophthalmic
changes were cobserved during this study. Corneal opacities
and lenticular cataracts were the most fraquent
cbservations and occurred with similar incidence in both
control and treated groups of mice (see table below}. Most
animals with ocular changes noted early in the study (i.e.,
exanined at weeks 26 or 52) had no ocular changes when
exanined at weeks 78 and 90.

fuble S
Summary Incidence of Ocular Findings at 90 Weeks
(taken from p. 2709)

Sex: Males Fensles
Group #: 1 2 3 4 5 1 2 3 4 5
Dose (ppm): ©- 10 300 1500 3000 0 10 300 1500 3000
$ of mice: 38 36 37 43 37 28 28 27 31 15

Qcular Findings:
Cornea: opacity 14 9 10 17 12 9 9 4 lo 2

Lens: catract 22 17 20 17 24 23 18 24 25 - 18
Adnexa:
blepharitis 2 3 3 2 3
Iris:
ectaopic pupil 1 1 1 2
: isi i i
158
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- from tha firs+t 20 anixzals for each sex in the 0 ppm ang
3000 ppm atrazine groups. In addition, al1 animals who

- died or who weras sacrificed in morinund conditon had blood
Smears taken. The CHECKED (X} parameters wvere examined.

Hematocrit (HCT) »

1X| |X] Laukocyte differential counts
iX| Hemoglobin (Hb) » | | Mean cerpuscular Hb (HCH)

1X|{ Leukocyte count (WBC) » |X| Mean corpuscular mp cons. (MCHC)
1X! Erythrocyte count (RBC)* |X| Mean corpuscular voluma (MCV)
| | Platelet counts* I | Reticulecyte count

| | Plateletcrit | | Mean platele: volume

I | Platelet dist. width I | Red cell dist. wideh

i | Bleod clotting msrmts.

I | (Thromboplastin time)

I | (Clotting tine)

I | (Prothrombin time)

* Required for subchronic and chronic studies

Not required for oncogenicity studies

: At the termination of the study,
statistically significant reductions in mean erythroid
variables (exythrocyte count, hematocrit and hemoglobin)
were observed in Groups 4 (1500 PPm) and 5 (3000 PPR) malss
and Group S5 females. The authors concluded that these
erythroid effects werse secondary to decrsased body weight,
food consumption and/or water consumption. These results
are summarized in Table 6.

Other hematological effects were observed. Group S
females (3000 PPR) had reduced mean neutrophil percentage
and elevated lymphocyte percentage when compared to control
mice (Table 6). These elevated blood cell levels may have
been caused by by illness, although the authors did not
fully elaborate on these results.

A few male and female blood samples in those mice who
survived to terminal necropsy were not analyzed,
regardless, the number of samples only amountad to 1l per
group (compare Tables 2 and 9).
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‘ Table ¢
Selected Hematological Parazeters in Mice at 639 Days
(takan t:aa Table 8.7)
Group #: 1 2 3 4 L]
Dose (ppm): 0 10 300 1500 3000
$ of miéd'cxanin-d :
BalEeS: 32 ‘ 23 38 39 34
fenales: 26€ : 23 26 26 15
Barameter: .
Males
RBC 7.68 7.47 7.48 6.690 6.33b
Hb 15.71 14.02 14.07 12.36% 12.52b
HCT (%) 45,24 43.21 43.66 39.7.8 3s.62b
’ ' Females
RBC 5.64 7.34 - 6.36 6.29 S.542
Hb 13.25 14.33 12.62 12.58 : 11.223
HCT (%) 41.04 43.96 39.04 38.62 34.802
Neuts %€ 39.52 37.22 40.84 49.23 $6.402
Lymphs $€¢ s3.132 60.61 57.92 48.54 42.332

i p = <0.05, B P = <0.01, siQnizicantly different from control group
when compared by the use of the two-tailed Dunnett t-test performed on the
raw data.

= For neutrophil % and lymphocyte % tests, 25 female control mice and 2s
female mice in the 300 PPR exposure group wers examnined.

F. Mﬁﬁhmm“umm=

All animals were fasted overnight prior to terninal
necropsy. The 301 animals that died in the course of the
study and those mice who were sacrificed on schedule wers

for gross pathological ang histological changes.
Terminal necropsies began August 1, 1986 and ended August
22, 1986 on weeks 92-95 of the study. Necropsies were also
pPerformed on the animals who had died during the course of
the study. Microscopic examinations wers performed on all
specificed tissues and gross lesions from all animals in
each group, regardless whether the animal was found dead,
sacrificed moribund, or after scheduled necropsy.

The CHECKED (X) tissues wera collected for

histological examination. The (XX) organs, in addition,
were weighed to determine the organ weight.
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|1X | Tongue ] 1X | Aortaw | XX} Brnin'i .
I1X | Salivary glands» |X | Heartws IX | Periph. nerve (sciatic) s
/X | Esophagus® |X | Bone marrcwe=s I1X | Spinal cera (3 levels)*s
|1X | Stomach#» IX | Lymph nodes® 1% | Pituitarye
|1X | Ducdenum» |X | Spleen IX | Eyes (optic n.)=g
IX | JTeiunums 1X | Thymua»
|1X | Ilaum» |XX{ Adrenal glande
|X | Cecumw [XX| Kidnays#** I | Exorbital lacrima)l glands
|1X | Colonw IX | Bladder® 1X | Mammary glandey
IX | Rectumw [XX| Testess+ |X | Parathyroidses*+
|XX| Liver=* X | Epididymides |x | Thyroidss*++
IX | Gall bladder+*# |X | Prostate
|X | Pancreasw |X | Seminal vesicle| | Bone (famur)es

I1X | Ovaries»* |1X | Skeletal muscle(thigh) »¢
|X | Trachea*# |IX | Uterus» IX | Skine*#
/X | Lunge® | | Cexwix IX | All gross lesicns
| | Nose~ | | Fallopian tubes and masses®
|X | Pharynx- |X | Vagina
IX | Larynx~

: Required for subchronic and chronic studies.
Required for chronic inhalation. ‘

# In subchronic studies, examined anda preserved only if indicated by
signs of toxicity or target organ involvement.

* Organ weight required in subchronic and chronic studies.

=+ Organ weight required for non-rodent studies.

1. Qrgan weight: Organ weights were daternined for the
- liver, kidneys, testes, brain and adrenazls in ai}l animals
in all exposure groups at weaks 92-9s during terminal

surviving females had their livers veighed vhereas 34 og
and
[4

therefore, not all of the nice who were fed atrazine had
their organs examined.

Qraan veight results: Few organ veight changes vere
cbserved in this study. Mice fed 3000 PP exhibited

nean weight in the following tissues: brain
(females and males) and kidneys (females) . Organ weight

were found in mean brain to body weight ratio
in females. Table 7 shows the organ veights of the
brain, adrenal gland, kidney, liver and testes as well as
the organ weight ration to whole body weight.
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Table 7
Salected Organ Weights and Weight Ratics at 91 Veeks
_ (% boedy weight ratiocé in parenthesas)
(taken from Table 8.8)

Group #: 1l 2 . 3

4 8
Dose (ppm): o 10 300 1500 3000
Qrgan (in grams):

i Males
Brain 0.55 (1.55) 0.50 (1.45) 0.50 (1.55) 0.49 (1.55) 0.48° (1.52)
Adrenal 0.007 (0.02) 0.008 (0.02) 0.007 (0.02) 0.007 (0.02) 0.007 (0.02)
Kidney 0.65 (1.96) 0.67 (1.93) 0.64 (1.95) 0.62 (1.96) 0.0 (1.90)
Liver 1.61 (4.81) 1.62 (4.75) 1.53 (4.69) 1.5¢% (4.8%) 1.%3 (4.83)
Testes 0.32 (0.96) 0.32 (0.94) 0.33 (1.01) 0.31 (1.00) 0.29 (0.94)

Fenales

Brain 0.52 (1.73) 0.53 (1.78) 0.52 (1.76) 0.51 (1.83) 0.49% (2.01)F
Adrenal 0.01 (0.04) 0.01 (0.03) 0.01 (0.03) 0.01 (0.03) ¢.01 (0.095)
Kidney 0.49 (1.61) 0.48 (1.62) 0.47 (1.60) 0.44 (1.359) 0.41° (1.70)
Liver 1.60 (5.26) 1.48 (4.93) 1.49 (5.02) 1.54 (S5.50) 1.4 (5.68)

3 p = <0.05 P p = <0.01, significantly differnet from control group when
compared by the use of the two-tailed Dunnett t-test performed on the raw
data.

2. Gross pvathology results: Several gross observations were
- noted in the mice fed higher levels (i.e., 1500 ppm

and/or 3000 ppm) of atrazine. These cbservatiocns were: '

enlarged atrium (or atria) of the heart, tan-colored
lesions of the heart and pallid color of the kidney(s).
The cobservation of enlarged atria of the heart appears to
be dose~-related although it occurs at a low incidence.
The incidences of these gross lesions are illustrated in
the Table 8 below.
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Table 8

Summary Incidence of Gross Lesions Observed in this Study
: {(taken from Table 92.6.3)

Sex: _______ Mals Mice Fexale Mice
Group #: 1 2 3 4 5 1 2 3 4 5
Dose (ppnm): 0 10 300 1500 3000 e 10 3060 1300 3000
Total # of mice: 89 60 60 S8 -1 ] 60 59 €0 €0 60
Qrgan or Site:
Heart, 1. atrium: ‘
enlarged 1 4 4 1 4 8
Lesion, tan 2 2 3 3
Heart, r., atrium:
enlarged 1 1 2 1 13
Kidney, pallid 2 3 2 3 4 3 10 3

color
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Histopathology results:

Non-neoplastic lesjons: As seen after the terminal
necropsy, dose-related cardiac thrombi (primarily in the
atria) were seen in male mice receiving 1500 ppa and
female mice fed 3000 ppm atrazine. As shown in Table 9,
cardiac thrombi were observed primarily in those animals

who had died or were killed in the course of the study.

The authors attributed the majority of the
unscheduled deaths to spontaneously-accurring renal

amyloidosis (p. 24). However, the incidence of cardiac

thrombi in mice with unscheduled deaths and who were
sacrificed moribund is statistically significant fronm

~control mice (this group of mice is referred by the
- authors as "early deaths"” -- this term is adopted in this
- review). Statistically significance was not found in any

group of mice regarding “he incidence of renal

. amyloidosis in any group of mice. Table 9 s4ows that the
- incidence of cardiac thrombi in female mice :reated with
'~ 1500 ppm or 3000 ppm was higher in the "garly death®

group of female mice than the corresponding female mics
who survived to terminal necropsy.

Other statistically significant amyloid lesions
occurred in exposed groups but wers termed “sporadic® by
the authors. The following amyloid lesions were

~ ‘observed:

1) A statistically significant increase in incidence
of amyloidosis of the liver and the adrenal gland
were found in female mice fed 300 ppm atrazine.

2) Likewise, thyroid amyloidosis was observed tha
"early death" group of female mice who ate chow
containing 10 ppm atrazine.

3) Lymph node amyloidosis was observed in ti~ "early
death® group of female mice who wers fec . 00 ppm
atrazins.
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Table 9
Summary Incidence of Cardiac Thrombi Observed in this Study
‘(taken from p. 2749)

Sex: —_—Male Mice | Female Mice

Group #: 1 2 3 4 L 1 2 3 4 L]
Dose (ppm): 0

i0 300 1500 3000 0 10 300 1500 3000

"Early death™ 3/24 5/27 3/24 7/21 9/238 3/34 47368 1/34 11/33h 24/45%
group

Mice surviving 0/3% 1/33 0/36 0/39 0/3% 0/26 0/23 1726 0/27 2/18
to terminal
sacrifice

All mice 3/59 6/60 3/60 7/60 8/58 3/60 4/59 2/60 11/602 26/60°

T2 p<0.05 P=p<0.0l, C=p <0.001, significantly different from
contrecl (by Fisher's exact test).

Table 10
Summary Incidence of Renal Amyloid lesions Obsarved in this Study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: _______Male Mice 4
Group #: 2 3 4 S 1 2 3 4 s
Dose (ppm): 0 16 300 1560 3000 2 10 300 1500 30090

[

“Early death™ 9/24 10/27 6/24 8/21 6/23 18/34 22/36 23/34 20/32 25745
group

Mice surviving $5/35 2/33 4/36 3/3%9 8/35 8/26 S5/23 /26 S/27 o/18%
to terminal
sacrifice

All mice 16/59 9/60C 14/60 14/6C 18/58 28/60 31/5%9 31/60 25/60 29/60
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Table 11
Suzmary Incidence of Adranal Amyloid Lesions Observed in this Study
(taken from Tables 9.6.1.1, $.6.1.2, 9.6.1.3)

Sex: = Male Mice ; ' b 4
Group ¢: 1 2 3 4 3 1 2 3 4 5
Dose (ppm): 0 10 300 1500 3000 0 10 300 1%00 3000

*Early deaths™ 8/24 8/27 6/24 11/20 9/22 18/34 24/3% 24/33 20/32 30/44
group
Mice surviving 3/32 1/32 2/35 0/37 8/32 5/26 2/23 93/28 6/27 G/15

to terainal
sacrifice

All mice 11/56 3/%9 8/59 11/57 17/54 23/60 26/58 33/582 26/89 30/%9

T"2"p < 0.05, significantly different from control (by Fisher's exact
test).

Table 12
Summary Incidence of Hepatic Amyloid Lesions Observead in this study
‘caken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: Male Mice rFeapale Mice

Group #: 1 2 3 4 5 1l r 3 4 L]
Dose (ppm) : o) 10 300 1500 3000 0 10 300 1500 3000

“Early deaths" 7/24 7/27 4/24 10/20 9/23 17/34 23/36 23/34 19/33 29/4S
group

Mice surviving 2/3% 1/33 2/35 0/39 4/34 4/26 2/23 6/2% 5/27 0O/15
tc terminal
sacrifice

All mice 8/59 7/60 5/60 10/59 10/58 20/60 25/59 30/60% 22/60 29/60

3"2p < ¢.05, sigrificantly different from control (by Fisher's exact
test) .
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Table 13
Surmary Incidence of Lynph Node Amyloid Lasions Cbsarved in this Study
(taken from Tables 3.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: —R1E Mice F
Group #: 1 2 3 4 5 1 2 3 ry 3
Dose (ppm): 0 10 300 1500 3000 o 10 300 1500 3080

"Early deaths® 3/22 0/25 0/23 0/16 3/21 5/34 8/32 10/32 11/312 8/41
group ,

Mice surviving 1/35 1/31 2/3% 0/36 1/33 3/26 3723 3/26 3/26 0/14
to terminal
sacrifice

All aice 4/%7 1/%6 2/%8 0/52 4/%4 8/60 11/%% 13/%58 14/57 8/%%

. P < 0.05, significantly different from control (by Fisher's exact
test).

Table 14
Summary Incidence of Thyroid Gland Amyloid Lesions Observed in this Study
(taken frop Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: _____ Male Mice r .
Group #: 1 2 3 4 5 1l 2 3 . 3 5
Dose .ppm): 0 10 300 1500 23000 ] 10 300 1500 3000

"Early death” 8/24 8/2% 5/23 9/21 10/22 17/34 25/34%2 23/34 20/33 29745
group

Mice surviving 2/3% 1/33 2/3% 0/39 4/34 4/26 2723 6/2% 5/27 0715
to terminal
sacrifice

All mice 10/%9 9/58 7/%8 9/60 14/56 21/60 27/%7 29/59 25/60 29760

a. P < 0.05, significantly different from control (by Fisher's exact
test).,
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nsions: Overall, atrazine exposure did not
causé a dose-related increased incidence of neoplasms in
these mice in this study.

Histological evaluation of palpable masses vers
performed. Of the palpable nasses exazined, 3 fezale
mice were found to have developed marmary adenocarcinomas
(cne nouse in the control group and 2 mice fed chow
containing 3000 ppm atrazine). One female in the 10 ppm
exposure group develcped a fibroma and oce female in the
300 ppm group developed malignant lymphoma. In nmale
mice, two developed fibrosarcoma in the 10 ppm exposure
group. . One male mouss in the group fed 13500 ppm atrazine
was datermined to have a hemangiocsarcoma (a malignancy
formed by the proliferaticn of endothelial and :
fibroblastic tissue). These necplasms ware found after
histological examination of these palpable massas in
these mice; some of these tumors are listsd in the tumor
incidence tables below.

As shown on Table 1S, in male mice fed 10 ppa
atrazine, a statistically significant increase in the
incidence of hepatocellular adencmas was cbserved, yet nc
statistically significant increase in incidence of this
type of tumor was observed in groups of mice fed higher
levels of atrazine (i.e., 300 ppm, 1500 ppm or 3000 ppm).
This effect is not dose-related.

No statistically significant increases in incidence
wers found for the following types of necplasms: mammar
adenocarcinomas, adrenal adenomas, pulmonary adencmas anc
malignant lymphomas. The incidences for these tumors are
listed in the tables below.
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Table 15

Summary Incidence of Hepatocellular Adencmas Chaarved ir this study
(takan from Tables 9.8.1.1%, 9.6.1.2, 9.6.1.3)

Sex: Male Mice k Fepale Mice

Group #: h 2 3 4 5 1 2 3 4 5
Tosa (ppm): 0 10 300 1300 3000 ] 10 300 1560 3000

“Early death" 0/24 5,272
group

Mice surviving 10/35 8/33

€0 terminal
sacrifice

All mice  10/59 13/60

0/24 1720 0/23 0/34 0/36 0/34 0/33 0/4S

6/36 3/39 1738 1726 0/23 0/26 0727 0/13

6/60 4/59 1/%8 1/60 0/59 0/€60 0/60 0/60

. P < 0.05, significantly
test).

different from control (by Fisher's exact

Summary Incidence of

Table 16
Adenocarcincmas Observed in this Study

(taken :irom Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: Female Mice

Group #: 1 2 3 4 5 1 2 3 4 L]
Dose (ppm): ¢ 10 300 1500 3000 ¢ 10 300 1300 3000
"Early death" 0/13 0/9 0/13 0/14 0/9 1/33 0/35 0/33 o0/33 2/44

group

Mice surviving 0/18 0/12 0/19 0/22 0/20 0/26 0/23 1/25 0/27 0/15

to terminal
sacrifice

All mice 0/31 0/21 0/32 0/36 0/29 1/59 0/59 1/%8 0/60 2,59
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Table 17
Summary Incidencs of Adrenal Adenonas Observed in this
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)
Sex: , P
Group #: 1 2 3 4 L] 1 2 3 4 5
Dose (ppm): o] 1¢ 300 1506 3000 0 10 300 1500 3000
"Earlx deaths" 0/24 0/27 0/24 0/20 0/22 0/34 0/3% 0/33 0/32 ‘0/44
group
Mice surviving 3/32 0/32 3/3% 4/37 3/32 0/26 0/23 0/25%5 0/27 0/15%
to terminal
sacrifice
All mice 3/56 06/59 3/59 4/5%57 3/%4 0/60 0/58 0/38 0/%9 06/%9

¥ o The numerator of these incidence values in this row were calculated
by subtracting the tumor incidence in those mice who survived
until terminal sacrifice from all of the mice studied (e.g., for

Group 1 males, 3/56 - 3/32 = 0/24)

Table 18

Summary Incidence of Pulmonary Adencmas Observed in this Study
(takan from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex:

Group #: 1 2 3 4 S 1 2 3 4 L
Dose (ppm): o] 10 300 1500 3000 0 10 300 1500 3000
"Early deaths®™ 1/24 1/27 1/24 0/21 1/23 1734 1736 1/34 1/33 1/45
group )

Mice surviving 3/35 3/33 3/36 5/39 &/35% 0/26 G/23 1726 2/27 1/15%

to terminal

sacrifice

All mice 4/59 4/60 4/60 5/60 7/58 1/60 1/%9 2/60 3/60 2/80
170
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Table 19

Summary Incidence of Malignant L Chsarved
{taken from Tables $.6.1.1, 9.68.1.2, 9.6.1.3)

in this study

Sex:
Group #:
Dose (ppm):

1l 2 3 & L]
0 i0 300 1500 3000

—Female Mice
1 2 3 Y 3
0 10 300 1500 3000

“Early deaths®
group

Mice surviving

to terminal
sacrifice

All mice

2/24 3/27 5/24 0/21 1/23

2/35 5/33 4736 3/39 3/35

4/59 8/60 9/60 3/60 4/58

€/34 8/36 s/34 3/33 3/45

13726 39/23 11/26 9/27 4/15

19/60 14/%9 16/60 12760 7/60
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receiving 1000 ppm and significantly lower in females receiving
1000 pom than in controls. There was a significant decrease in body
weight throughout the study for males and females in the 500~ ang
1000-ppm groups. Food consumption was decreased in males receiving
S00 and <1000 ppm for the first year of the study, for females
recetiving 1000 ppm for the first & months, and for females receiving
500 pom for the first 3 months. Red cell parametars were decreased
in females receiving 1000 ppm but not in males. Glucose was decreascd
in 1000 ppm females at 3, 6, and 12 months ang triglycerides were
decreased in 1000-ppm males at 3 and 6 months. Nonneoplastic
findings were limited to animals receiving 1000 pp@., An increase in
mammary acinar cell hyperplasis, kidney calculd, and epitheiial
hyperplasia of the prostate in high-dose msles may be associated with
increased survival in this group. Retinal degeneration and centro-
lobular necrosis of the liver were increased in high-dose females:
there was an increase in degeneration of the rectus femoris myscle in
high-dose males and females. Increased occurrence of traznsitiona)
cell hyperplasia in the kidney and bladder of high-dose females was
of questionadle significance. The NOEL for chronic toxicity was
considered to be 70 ppm atrazine in the diet.

REVIEWERS® DISCUSSION AMD INTERPRETATION OF RESULTS:

In agreement with the report authors, we assess that atrazine was
carcinogenic in female CD rats, causing an fincrease in MEMTRR Y
adenocarcinomes at dietary levels of 70, 500, and 1000 ppm. The
report authors found a high level of statistical significance and a
positive dose-related trend (p <0.00005) with both the Cox-Tarone
test and the Gehan-8reslow test using life-table analysis. The
concurrent control incidence of masmsry adenocarcinoma (17.05%) was
somewhat higher than the mean value for four other studies (9.5
percent, range 3.8-18.9 percent) performed by the testing laborztory.
The biological {importance of the significant increase in sanseary
adenoms plus fidbroadenoma in high-dose femsmles (p = 0.004) is not as
clear as that of the adenccarcinomas. The concurrent control
incidence of fibroadenoma (29/88, 33 percent) is slightly lower than
the historical incidence for the laboratory (mean 41.4 percent, range’
of four studies 36.3-47.8 percent).

We assess that the study authors correctly interpreted that the
increase of interstitial cell tumors of the tastes in high-dose males
(7/67) when comparsd to controls (1/65) was probably related o
increased survival in the males, which resulted in more late~-appearing
tumors. The incidence of the finding in final sacrifice males was
6/41 in the high-dose group and 1/31 in comtrols; in those that died
Detween 13-24 months, the incidence was 1/20 in the high-dose group
and 0/34 in controls. Historical control iacidence for interstitial
cell tumors in terminal sacrifice animals was 8§ percent (range, 0-19
percent). The 1incidence in high-dose males was 12 percent in the
current study.
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Time to- mammary tumor could not be calculated since the tmdividua:
animel disposition tabulations were not provided. However, we notes
that 8/2% high-dose females (compared to 0/22 controls) had mammary
adonocar.cinoms by 13 months (Tadle 10).

Weekly palpation data were availadle for all animals. These data
were checked against the gross and histologic fingings to determime
1f all in-life masses were followed through with a gross finding ane
a histologic diegnosis. The data for 21) males were checked as we!'
as the data for high-dose females. Masses that. disappeared were
checked for the first and last day of observation.

In the nigh-dose females. more than 90 percent of ail masses observes
in-1ife persisted until sacrifice or death. There wers none tha<
disappeared in the last 2 months of the study. The followup at gross
and histologic examination was excellent. For femgle 8364 There was
no section for & mass and for femgle 8423 the masses were lost:
female 8183 had a small mass that was not a tumor and female 8330 has
an abdominal mass but no tumor at gross or histologic examination.
A1l other masses had a histologic diagnosis.

In males, there were several masses that were transient. Cell masses
that persisted were confirmed Dy gross or histologic examination.
The fcllowing 1ists in-1ife masses that disappesred in males:

Dose No. animels
{ppm) No. anmals with masses No. masses
0 %0 20 32
10 70 19 36
70 70 i 43
500 10 25 42
1000 30 27 58

In four control meles and in two high-dose msles masses not seen
in-11fe were found on gross examination and confirmed histoslogically.
None of the msles that died dy month 13 and none that were sacrifices
at 12 months had mammary tumors. Mammary tumors in males were zs
follows: control, fibroadenoma (8051); 10 ppm, adenocarcinoma (78053.
fibroadenoms (7906);: 70 pom, fibroadenoma (7951); 500 ppm. adenoma
(7701), fibroadenoma (3017); 1000 ppm, adenocarcinoma (8063). fidroma
(7896). QOther masses were diagnosed as abcesses, galactocoeles.
Tipomas, fibromas, papillomas, histiccytic sarcomas, zymdal glama
carcinomas, etc. In two males receiving 1000 ppm (8030 and 238181,
late appearing masses were not found on gross examimation. It is cur
assessment that the g¢ross and histologic followup of in-l1ife masses
was excellent.
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There was an increase In several DNyperplastic lesions in rats
receiving 1000 ppm atrazine. The f{ncrease in hyperplasia of the
transitional epithelium in kidney and urinary bladder in high-dose
females 1s prodbably compound related. The increase in acinar
hyperplasia of the mammary glands and in epithelial Nhyperplasia of
the prostate in high-dose males could De compound related and/or the
result of increased survival in this groeup. Gther lestons noted in
hign-dose animels such as muscle degeneration (males and females),
retinal degeneration (females), and pelvic calcult in the xidney
{males) are normally cccurring lesions of aging.

The decrease In red cell perameters in high-dose females and increase
in myeloid hyperplasia and increased extramedullary hematopoiesis in
females recelving 500 or 1000 ppm atrazine mey be a consequence of
the development of mammary tumors.

The increases 1in organ-to-dody weight ratios noted in the study are
primarily due to decreased body weights. The effects of triglycerides
and glucose may also be related to the weight loss. When all chronic
toxicity parameters are considered it is reascnable to set a LOEL at
500 ppe and a NOEL at 70 ppm.

The study was well conducted and adequately reported. Once individual
anima) disposition data are provided, the study can be classified
Core Guideline.




Reviewed by: Judith W. Hauswirth, Ph.D., Saction Head yo“a,d. L ezl
Section VI, Tox. Branch (TS-769C) 4/2e/6€

UATA EVALUATICN REPORT

STUDY TYPE: 2-Generation Reproduction Study TOX. CHEM. NO.: 63
{83-4)

MRID MO.: 404313-03-

TEST MATERIAL: Atrazine

SYNONYMS: Z-Chloro-4-etny!c1no-6-isopropyhm1m—_§_-truzi ne
STUDY NO.: &52063

SPUNSUR: Ciba-Geigy Corp., Agricultural Division, Greensboro, NC 27419

TESTING FACILITY: Research Department, Pharmaceuticals Divison, Ciba-
Geigy Corporation, Susmit, BJ 07901

AUTHURS: J Mainiero, M Youreneff, MLA Giknis and ET Yau
REPURT ISSUED: November 17, 1987

CONCLUSION: Parental NOEL = SO ppm
Parental LEL = 500 ppm based upon decreased body weights, body
weight gain, and food consumption fn both parental males and
females throughout the study. In addition, the increase in relative
testes weights seen in parental males could be treatment-related
since it was seen in doth generations.

Reproductive NQOEL = 10 ppm

Reproductive LEL = 50 ppm based upon decreased body weights of
gups of the secsnd generation on postnatal day
1.

CORE CLASSIFICATION: Core - Minimum

A. MATERIALS:

1. Test compound: Atrazine, Technical. Batch FL 841802. White
powder. Purity not specified but stated to be on record at
Ciba-Geigy Corporation, Greensboro, NC. :

2. Test animals: Species: rat; Strain: Charles River (CRCD, VvAF/

PLUS) from Charles River Laboratory, Ltd., Kingston, NY; Age: 37
days; Weight: males, 177-219g and females, 140-176g; animals were
quarantined for one week.
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B.

c.

1.

2.

4.

5.

Animal assignment: According to the repc::, “:ae hundred twenty

male and one hundred twenty female rats frc: e scclimation colony
were randomly assignea & TERUS® temporary animal identification

number dhd at the same time were randomly diztributed into 4

treatment groups...” Permanent numbers were assigned when the animals
were found acceptable for the study.

Experimental design: Male rats were placed cn the control and test diets
at days of age and females at 48 days of age. They were maintained

on these diets for a period of 10 weeks prior to mating. Males and
females were housed together in a 1:1 ratio for mating. They were allowed
a three week period for mating and were separated once evidence of mating
was seen. One litter was produced in each generation. After

weaning of the last litter of the first generation, thirty males and
thirty females were selected for the second parental generation. The
remainin% male parental animals were sacrificed on days 113-114 of the
study. The remaining female parental animals were sacrificed on days
133-134 of the study.

Animals selected for the second parental generation
were exposed to test diets for 12 weeks prior to mating. Mating was
conducted in the same manner as for the first generatfon. Parental
males were sacrificed on day 138 of the study and parental females on
days 138, 139 and 152 after weaning of their litters.

Test diet: Atrazine was mixed with Purina #5002 Certified Rodent Chow.

The concentrations used were O, 10, 50 and 500 ppm. Diets containing

10 to 3000 ppm atrazine were found to be stabie at room temperature
for at least 40 4days. Periodic homogeneity analyses were performed
and atrazine concentrations were found to be 93-105% of the expected
values.

Statistics: Statistical methods can be found in Appendix 1 (Section

2.13 of the report).

A signed quality assurance statement was included with the study regort.

METHODS, RESULTS, AND DISCUSSION:

1.

Parental animals:

a. Observations: Animals were observed once daily for signs of
toxicity and twice daily for mortality. No treatment-related
clinical signs were seen in either parental generation. Alopecia
and sore(s)/scab(s) were commonly seen in all groups including
the controls.

At the levels tested, atrazine had no effect on mortality in efther
parental generation.
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b. Sody weights: Body weights were determined weekly and at
termination for males. For females, body weights were recorded
weekly during the premsting ghlse. on days 1, 7, 14 and 20 of
gestaticon and on days U, 4, 7, 14, and 21 of lactation. Selected
body weight data can be found summarized in the following table
for Soth parental generations.

Selected Parental Body Weight Data

Mean Body Weights {g)

Day
Dose 0 21 49 70 Terminal
{mg/kg)
Mal es, FQ
0 198.4 339.0 448.8 500.9 566.3
10 198.1 338.5 449.8 508.9 577.8
50 197.6 337.4 47.8 501.2 567.8
500 . 198.0 309.3" 396.0" 440.7" 484 .8*
Males, Fi
0 167.8 337.6 478.4 541.1 642.3
10 160.8 329.8 471.6 528.5 626.2
S0 160.6 325.2 462.6 529.6 627.4
500 146.7* 294.7" 408.9" 459.5" 540.1"
Females, Fg
0 158.0 220.8 261.2 281.7
10 154.8 215.2 258.4 280.0
50 155.2 2G9.8 254.5 269.9
500 154.2 197.5" 231.6" 2643.5"
Females, Fy
0 141.7 212.0 262.8 287.8
10 138.7 216.4 272.1 296.1
50 140.1 212.4 264.5 290.4
500 127.9 192.7 232.7 251.8
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Body “'ghts (Cont’d.) PRV Y

Feuales, F, (Gestation) Females, Fo (Lactation)
]
o * 20 : 0 14 21
0 289.5 407.0 | 330.5 354.2 341.3
10 . 285.3 415.9 | 323.5 348.2 333.9
5U - 81,5 410.0 | 320.8 344.9 331.3
500 25u.6" 376.6" g 288.3" 319.1%. 31407
Females, F; (Gestation) Females, F; (Lactation)
_ ]
0 302.0 ~ 408.4 | - 329.8 347.5 3331.7
1u 296.5 413.4 | 334.7 344.5 335.3
50 305.3 418.1 ] 341.4 346.7 333.3
500 260.8" 370.3* { 87.6" 316.9" . 315.2*

© p<0.05

8ody weights were statistically significamtly lower for both males and females
fed the diet containing SO0 ppm atrazine (HOT) throughout the study. Body
weight gains were also statistically significantly depressed at the HOT.

At the mid dose (50 ppm) sporadic statistically significant decreases in

body weight gain were noted. These changes are not considered to be

related to treatment since they were occasfonal and very sporadic.

¢. Food consumption: Food consumption was determined weskly for
males and females during the premating perfod and onm days ¢, 7,
14, and 20 of gestation for the females.

Food consumption was statistically significantly recuced for males
and females during the premating period for both parental jene=ations
and for F1 females on days 0-7 of gestation.

3. Sacrifice and pathology: A1l parental animals were subjected
to gross pathological examination. The testes »1d cvariss were
weighed. The following tissues were collected “or microsccpic

examination:
vagina cervix cvaries
testes epgididymides seminal vesicles
prostate pituitary coagualtion gland

gross lesions

Tissues from the control and high dose group were examined
microscopically as well as all gross lesions.

1) JUrgan weights: There were no treatment-related effects on
ovarian weights. Relative but not zbsolute testes weights
were statistically significantly increased at trme HOT
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in parental males of both generations. The study authors attributed this change
to decreased bady weight gain at this dosage level.

2) Gross necropsy: No treatment-related effects were seen in
®either generation. L

3) HhHistopatholegy: No treatment-related effects were seen in
either generatior.

2. Reproductive effects: :

a. Pup weights: Mean pup weights per litter were recorded on
lactation days 0, 4, 7, 14, and 21. Selected overall mean pup
weights for each dosage group and each generztionn are shown in
the following table. &

Mean Pup Weights kg)

F] Generation Day
Dosage Group (ppm) 0 4 7 14 21
(pre-culling)
0 6.42 9.11 14.43 31.00 49.87
10 5.99" 8.10 12.95* 28.31" 45.09*
50 6.17 8.56 13.54 29.87 47.23
500 6.30 8.74 13.43 29.27 46.17"

F2 Generation

0 ' 6.38 9.32 12.01 29.32 47.75

10 6.02" 8.75 13.39 28.26 44.55

50 6.23 9.02 13.66 28.33 43.77"
500 6.22 8.99 13.28 28.06 42.99"
*Pp<0.05

For the Fi litter, there was a statistically significant decrease in pup body
weights at the low dose (10 ppm} at all time perfods recorded. Since this
effect was not dose-related, this reviewer does not consider it to be due to
treatment. The statisically sigmificant decrease seen at the high dose at

day 21 in body weights is also not considered, by this reviewer as well as the
study author, as treatment related since it too s not dose related.

However, in the F2 generation, the statistically significant decrease in

pup body weights at day 21 in the mid ana high dose are considered to be
treatment-related by this reviewer, since there appears to be a dose-related
effect on pup body weights at this time period and {n this generation.

b. External observations of pups during lactation: Pups were
observed daily during lactation. No treatment-related effects
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c. sacrifice and necropsy of pups: Pups culled on postnatal day 4
were subjected to gross necopsy as were 40 randomly selectea Fp
pups on day 2l1. No treatment-related findings were noted.

" ‘were seen.

d. Uther reproductive parameters: The fallowina reproductive
paramenters were studied: number of viable iitters, litter size,
stillpirths, sex ratio, surival ingices, male and female fertility,
male and female mating index, number of pregnant females,
aumber of implantation sites, number of viable newborns and
post-implantation loss. None of these parameters was affected
by treatment (see Appendix 2, Tables 6.6.3., 6.6.4., 6.8.1.,
6.14.3., 6.14.4., and 6.16.1. taken from the study report).

C. LCOMCLUSIONS:

Atrazine at dietary levels of 10, 50, and 500 ppm had no effect on the
reproductive parameters studied, however. pup weights at postnatal day
- 21, second generation were statistically significantly lower than those
. of the control group at 50 and 500 ppm. The significance of these body
. weight effects couid have been better addressed if two 1itters had been
produced in each generation. In the absence of this information, the
. re?ucea rup weights at this time point are considered to he treatment-~
- related. :

dogy weights, body weight gain and food consumption were statistically
significantly Jecreased for parental animals, males and females, through-
] out the stucy 4t the HUT. These are considered to be treatment-related
’ effects. In adaition the statistically significant increase in relative
- testes weights coula be treatment-relatea, since this effect was seen in
both parental generations. j

Parental NOEL = 50 ppm

rarental _cl = SUO ppm based upon decreased body weight, body weight gain,
and food consumption for parental animals throughout the
study. In addition, the increase in relative tastes weights
could be treatment-related, since this effect was se:n in
parental maies ¢f both generations.

Reproductive NOEL = 10 ppm
Reporductive LEL = 50 ppm based upon decreased body weight of pups on postnat
day 21 in the second generation.

D. CURE CLASSIFICATION: Core-Minimum
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ATRAZINE 080803

Page is not included in this copy.

Pages /?Z through / g % are not included.

‘The material not included contains the following type of
information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality contrél procedures. :
Identity of the source of product ingredients.

Sales or other commercial/financial information.

A draft product label.

The product confidential statement of forfiula.

Information about a pending registration action.

>X: FIFRA registration data.
The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.




v.

005937

24

RISCUSSION:

Atrazine sxposure did not cause a dose-relatsd increase
in the incidence of naoplasms in the CD-l strain of mice in
this study. No dose-related effects are seen for IAcCroscopic
gross lesions or ocular changes in either sax during the 91-
waek atrazine feeding study.

The NOEL and the LEL are determined on the following
bases. The LEL is set at 1500 pp» based ugon decreasas of
23.5% and 11.0% in mean body weigi.. gain found at 351
waeks in male and fsmale mice, respectively. Also, an
incraase in the incidence of cardiac thrombi is found in
fenmale mice in the 1500 ppm expcosure group. None of the
above effects are found at 300 ppm, thus the NOZL is sat at

300 ppm.

This oncogenicity study shows that thers are dose-
related effects of atrazine in mice fed chow containing 1500
PPR or 3000 ppm atrazine. The dose-related effects ars the
production of cardiac throambi, a deacrease in the mean body
weight gain at 12 and 91 weeks during the study, and
decreases in erythrocyte count, hematocrit and hemoglobin
concentration. An increase in the incidence of cardiac
thrombi is found in female ir the 1500 ppm and 3000 PER
exposure groups. In addition to amyioidosis, cardiac thrombi
contributed to the deaths of the group of mice who did not
survive to terminal sacrifice (this group of mics are termed
as "early death™ mice). This assertion is based on the
observation that a statistically significant increised
incidence of cardiac thrombi is found in "sarly death" aice
whercas no statistically significant increase in incidence of
cardiac throambi is found in the group of mice who survived to
terminal sacrifice in the same exposure group. These
responses are the only dose-related effects observed in
these mice in this study. '

Female mice in the 3000 ppm exposure group racieved
almost twice the dietary intake levels of atrazine when
compared to male mice in ths 3000 ppm exposurs group. This
cbservation may explain the 25% survival of female mice and
60% survival of male mice in the 3000 ppm eXposure group.
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At the highest axposure level, 3000 ppm, atrazine
exposure“in both sexes of mice caused:

1) a decrease in the mean body weight gain at 12 and 91
weeks,

2) a decresase in food consumption rates,
3) an increase in the incidence of cardiac thrombi,

4) a decTease in erythrocyte count, hemoglobin
concentration and hematocrit, and

in female mice only:
1) an increase in mortality,
2) a decrease in mean brain and kidney weights, and
3) decreased percentages of neutrophils and lysphocytes.

Both the 1503 ppm and the 3000 ppm atruzine exposure
ievels are deemed sufficient doses to cause an adequate level
of toxicity in male and famale mice because:

1) the high parcentazge of mortality at 91 veeks (75%) in
female mice in the 30G0 ppm atrazine sxposure group,

2) decreased zean body weight gain at 91 weeks in female
mice (48.5%) and in zale mice (24.4%) fed chow
containing 3000 ppm atrazine,

3) a 23.5% decrease in mean body weight gain in male amics
and an 11.0% dacrease in female mice in the 1500 ppm
atrazine exposure group at 91 weeks, and

4) at 12 wveaks a 33.0% decrease in mean body weight gain
in male mice and a corresponding 14.3% decrease in
female mice in the 1500 ppm exposure group.

This study was well conducted and has been deemed
sufficient quality to determine the oncogenic potential of
atrazine. This study should be given the core classification
of "guideline® because the methodolegy requirements
established in the Pesticide Assessment Guidelines,
Subdivision F §83-2 have been satisfied.

PCl/reports/atraonce.002
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237277 Atrazine - Company Response to Toxicolocy 3zanch Reviews of the

Ra: and Rapoit Teratology Studies. Sineitted macrch 25, 1988 by
Ciba-Geicy Corporazion. :
Tox. 3ranch Projes: ! 0.1 B-0744 Tox. Chem. No.: 63
™ Pobert Taylor .
Product Manager . iS5
- Registration divisien (TS-767C)
FRO™: Judith W. Haggwirsh, Ph.D. RPN R IRy
Section Head, Seczion VI ’ /4%
Toxicclozy Branch/HED (TS-769C) / /el
- - ’ .
= Theodore ™. Farber, Ph.D., Chief /v/ , - ="
Toxicolozy 3ranch/HD (TS-T65C) i

Action Recuested: Desermine whether the sudmitted data justify upgrading the
Core classification of the rat and Taobit teratolecy studies on Atrazine from

Core Susclementary =o Core M:iaimum.

Jiscussion:
Z2S¢assion
1. Rabzie Terasolocov Stady (MRI3 495663«01TY
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Tnis study was classifies as Core Suoplementary pending submission of the

Dirizy of the technical prod.ct and since a NJEL for runting was not demoastrates.
-1¥ rezistrant has submittesd informsmioan indizating that the parity of the
t2chnical product was agprox:.mitely 96.7% and histSrical control data to addéress
the absance of 3 NOZL far f272a2 1n the study. Thme historical control dasa
alons wit= the incisence of Tinting in the study are summarize3 in the followinz
table.

BEST AYAILABLE CoPY ]
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* Dosazs Graur
{(m3/x3)
0 10 70 700 #iss. Controll
oo of fznliszss 20z 26 LR 7 8712

=T rimzs 1¢0.3)2 S(1.4) 7(2.0) 65¢(57) 90(1.0)3

Wa. 2% litzers 22 23 25 s 663
NWo. ¢f litsers

witr rants 14.3) 3013 4(16) 5(100) 65(9.8)4

from 25 studies were submitted. Data from one study, conducted in 198},
was not included by tnis reviewer. Only cata from studies conducted fram
1962 to 1986 are summarizes. The study under consideration was dated 19384.
Wumders in parentheses are percentaze incidence.

Ranze = 0. = 4.0%

Range = 0-25.3%

' *
O
1]
'Ed
4]

LI WE N

<72 Incidence oOf both runzs and litters with runts was within the historical
contro. range for the low and mid dose groups; however, for both of these
Farateters ani dosage Jrouss the incidence was slichtly hicter than the mean

histcrizal comzrel valle. The concurrent control values, on the other hand
~2I2 low when Comzired to the histeorical control mean values. This reviewer

f22ls that ths incidence <f runts in the low and mid dose croaup of this study
13 NSt treatment related, zased upon the submitted historical control data and

the commaratively low consurrent control values seen in the Atrazine study.

Z7 ad2izion, the inCrease over control values in both the narber of runts and

ne nurder of litters with runts wes not sta istically significant at the lo«
1scner’s Zxact test at the (.05 level (Statistics done by this

~ e
[

reviewer).

2 Zossz by

T ey

2T the ~iZ dogs, there were statistically sigrificant increases by both fetal and
-izter Irnzidence in skeletzl variations inlicating Gelaved ossification. These
1mzlissZ: s2ol1 not completely ossifie3, preschenoié rot oscsified, teeth not

=, metzzarpals not ossified, metas rpais bigerzite, and distal phalanx

The incidences of tnese effects in tne control ans low dose cro:p

SonI..sicns:
1. RadDit TeératoloTy Studv
- -~ - - - - - - ”~ . .
7% I0re Zrade of trnis study can DE raised to Core Minimam.
z 2 EES2E AR TAP M

(BesT MALMSLECOPT)
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-. Rat Teratolooy Stuzy

Tne core dgrade of this study can be raised to Core Mininum.

Developmental NJEL = 10 mg/k2
Developmencal LELe*= 70 mg/k3 based upon an increased incidence of skeletal
: variations :indicating delaved ossification.
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STULY AEVIEW

Cﬁohxcal: ~traiare 006937

Test Matesial: “trazine Techrical
StugwvrsAction T.pe: Teratology study

STGSY ICENTIFIC~TION:

< Terataoicg.s Study of Atrazine Technical 1n Charles River

Rats"
T#2T10r3 Tacilita: Tre Safety Evaluatier Faciiien, CIEA-GEIS,
o Corz. . Summit. New Jarsay
Froject f~o.: S-Bs
Recort Date: ¢=-15-84
" Studv Director: | Fooert N, Infurna, Fh,D.
EFA Aczesqrion .3 223379

MRID 00143007

Stuc. FReviawed bz Ceraidine S. Lanford, K.hA.
—~eleve E. Morgan, R.A.

: - 1Y L
¢yzzak-7f‘/ '

The Zafety &Evaluation Facilitv, CIBA-GEIGY Corp., Summit.
Naw J@rge., CoNIuCte®d this teratolcgy study of Atrazine Techricai
in Lheriee River rats during the <all of 1984,

St 13 Zorc.LS®C trat the taratologv study oF azrazire
TEITLT3 1A rats - LISA-GEIGY Corcoration, B SO=83) Jerainsrtrawcs

P L

*hArfel NG J03&Tved EfFect .avel (NOEL): 0 M G /SE.
T2TETL2L LOWeIT Loiz#rved E<-zzvt Level (LIEL1:TC mgilgseae

Te3? vAlues are Casel = & statisticalle si1gni1<icant decreass .
S3. ~81gNT Qa1 Juring the first half of the gssing peri1co anc
TEl.BTICAll s BIQRIFICATT  r@CLs%1an in $003 CONSUMBTION sor o
TET Twd C3,5 Of Q27T SOTINIST-3T1ON 1N the T mzshC/ 38y grovs.
ThE CAUESMAL MIrtailTey 2T the hiztes: dose testaad. 700 MI:r G- Bav.

-

7.&%., M3-1NnQ thi3 Oroup unsstisfactory fcr evaluation.
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Develapmantsl toxicity NOEL: ' S mg/hg/day

Oevelopmantal toxicity LOEL: 75 mg/kg/cay

These valdus are based on a statistically signifTicant increase in
the number of resorptions in thae high dose group, ltgnific.ntly
decressed fetal weights (msle and femalas) in this group, and an

increase in asneletai variations, etpecially delayed assiflicatian
of appendicular shelztal elements.

PRQCEDURES
Test material: Atrazine technical
Vehicle: 3% squecus corn  starch conteining
0.5% Tween 8y
Cosage levsls: g, 1, S, or 7% mg/hg/dey by gavege
Perisag of administration:Days 7-1% of gestetion
Species: New Zealand White rabbits

The protocol used in this study waes in compliancs with thosa
recommended in the Standard Evaluetion Procsdure (eer),
Terstology Studies (EPA-540/9-85-018, June 198S5).

Grsded doses of atr-zine were administered by gevage to
virgin female rabbits =hiz> hed bean ertificially inseminetog
using seman collected fr:o. males of tha same strain mainteined at
the research site. The oral route of dosing wes chosen because
potentiel human exposure is by this route.

Dosing occurred deaily and wes parfaormea on days ? through 19
of  pregneancy with the day of artificisl inseminetion being
counted as dey O. This dosing period agrees with the
recaomnendatinng of the SEP and covers the perioc of orgsanogenssis
in the raobit.

Identificetion of individual rabbits, housing, food, water,
environment, querentine time, and group assignments werse of
stendard expaearimentael design. Oose level was based on the
animals’ body weight recarded on gestationel days 7 and 14.
Dosing wes performed as indicated in Table 1.

DEST AVMLABLE COPY

At
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Table 1. Dosing schedule
Group Number of Days of Cose
numbe r females

treatmant {mg/hg/cay)

1 (control) 19 ?7-19 o
2 19 ?-19 ]
-3 19 7-19 5
a 19 7-19 75

'The control group (vehicle control) received
3% cor~ starch with Tween <G, which wes & volume
that received by rabbits treetsd with atrezine.

S ml/kg/day of
equivalant to

According ta the SEP, thae highest dose of thrae different
levels should induce overt maeternal toxicity but not more than
10% maternsl death. The highest dose (75 mg/hg/day) did inducs
overt maternel texicity. A significant decrease in waight gein
anad food consumption wera found during and after trestment.
Significant increases were also found in vaginal bleeding and in
littie, none and/or soft stools. No desths were found in this
treatment group. The lowest dose i3 aot supposed to induce
evicence of toxicity. In the % mg/hg/day group thers were three
unexpected deaths. Ona female died after being dosed on day 17

of gestation. Another was found dead on day 1S, apperently the
resvit of & dosing sccident. The third femele was found dead on
day 26

of gestation (possibly aborting) . None aof the deaths were
dose related end thus are not considered significent. All other
fi.ciags were similer to controls.

All does were examinad daily for changes in appearance,
behevior and food consumption. lngividuel body weights were
reccrded on deys O, 7, 114, 19, 21, 25, and 29. On dey 29, all
surviving femeles were sacrificed and exemined for corpora lutesa,
uterine content, and gross morphologicel changes. :

The fetuses were numbered in order of their positiong in the
uterus. Apperantly vieble fetuses were weighed and examined for
gross abnormelities. Each fetus wes exemined vigceareally using
Stepcles’ technique and its sex was determined. Following the
visceral examinstion all fetuses weare steained For sheletal
examinations to determine malformations and/or veristions.
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A. MATERANAL EVALUATION
- -

iatnrnol Mortality

. The only three deaths in the entire study oceurred in the
lowest dose (1 mg/hg/day} group. None of the findingse at
ndcropsy indicated any relationship to the dose level, but rather
to the process of dasing.

Clinicel Observetions

Stool <=haeanges were observed in low aend intermediste dose
group anime.sx but wers not considered to heve besn compound-~
releted because the incidences wers timiler to that in the
cantrols. Al} does in the high dose ‘group exhibited stool
changes. "2se changes were statisticelly significent end
considared sizns of maternael toxicity. Another statistically
significent sign of toxicity in the high dose group wee blood
either on the vulve or in the cage in 4/19 females. (Table 2)

Incidental findings included elopecis, lecrimation, scabs,

nesel discharge, vasocdilation end decreesed motor control. All
of these findings did not eppear to ba dose-relatad.

Pregnancy Retes

The pregnancy rates fcr the O, 1, S, and 75 mg/ng/day groups

were, respectively, 84.2%, 89.5%, 84.2%, ean¢ 84.7%. The
bregnéency rates given are within accepteble ranges ‘¥or rabbits.
Woo and Hoar reported an §3% pregnancy rate among those

artificielly inscminaeted out of 1142 pregnancies in NZW rebbits.*
All does wers exsmined for uterine contents following ‘death,
Merivunc sacrifice, or secrifice on gestation dey 29, showing the
pregnency rate is besed on total number of femeles insemineteo
and not only on those surviving until secrifice on gestation day
29. (Table 3}

BEST AVAILABLE Co#Y

Individuel maternel bocy weights were recorded on days G, 7,
14, 19, 2%, 28, and 29 of presumed gesteotion. Priar to the
dosing periocd (deys 0-7), »0 differences in body weight gain were
noted 1n any group. {(Table &)

Maoternsal Body Weight Dsta

'Woo, D.C. and R.u. Hoer, Reproductive performence and
spantaneous melformaetions in control New Zeaelsnd White rebbits: o
Joint study by MARTA, Tarstology 25(2): 82A, 1982.




TACLE 2. ICe; 2
Summary of Clinical Observations i Does

e Dose (we/kg) 006937
Odservations 0 1 ) <5
Stoos: ﬁ::u. nose 9719 19 10719 19/ 108

wd/or' soft

Blood 08 yulva/in Cage 0/19 1719 0/39 - k/1ge
v:mm;;'xgs; of Ears /19 /19 o1 1719
Decrua‘d‘!"!voéor Aczivity 0/19 6/19 0/19 1719
Mopecta - - 5/19 Y19 219 g9
Lacrimatien 3/19 0/19 1719 319
Scab _ 1719 1719 2/19 /19
Nasal Discharge 1719 0/19 0/19 0/19
Adortion 0/19 0/19 1759 /19
Death 0/19 3719 0/19 0/19
'Dxrre:-e:;i froa t:e ccatrol group at p £ 6.05,

“Dirren,ngtron tEe contral group at p £ 0.01.
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TABLE 3. .
Sumaary of Reproductive Parsmaters

) Treatments L B/ kg/day)
o 1 V

5 5

No Pregmamt =~ } : 16 17 16 18

$ Pregnagt - }ﬁ" 8 .2 89.5 83,2 84.7
Meac No. Czrpora Lutea/Littar 13.€ 13.1 i2.9 14.3
Mean Ko, L:’.»;J‘.an_‘uuons/uttcr 10.1 10.2 10.5 10.4
No. Litters Examined i6 1% 15 15
Mean No. &:d-b_m.c Resorptions .30 1.0 1.6
Mean No. Fet.al Resorptions .90 1.1 .40 3.2
Meap Number of Rescrptioas 1.3 1.4 1.4 3 .80
Yean Nuzber cf Dead Fetuses G.0 Q0.0 a.0 Q.0
?re—:_::‘;a::.z;;c.:bi Loss (No.) :.8 2.8 2.5 3.9
P.—-«:-L:;;a::au»cr: Loss (%) £.1 21.5 18.4 26.5
Fest=7z~.3-22t,0n Loss (%) : 12.0 11.8 3.0 2.62¢
Megn humier of Live Fetuses 8.8 8.9 9.1 5.9¢
Fetul Sex Fztio (3 Males) L8 .6 £7.5 848 .1 1.7
‘.i17fcrent {ram the Coatrol at p < 0.0%.

$9..7Terent fros the Cooirol at p < N . Q1.
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TABLE &,

Susmary of Maternal Body Weight (:riaa)
Days of Treatzents (mg/kg/day)
Gestation Control (0) - : 5 75
0 3952 + 81 3798 » 86 3854 « 56 3999 = 91

(16)* (13) (15) (15)

7 4038 « 85 3972 + 48 4019 « 52 4181 » 9%
(16) (14) (15) (15)

14 4151 « 91 4049 +» 93 2083 » 47 3659 < 8ae
(16) (1%) (18) (15)

19 4270 » 100 4153 » 104 4128 & 83 3858 o 84
(16) {(14) (15) (1%)

21 4316 « 104 4192 + 105 #4171 > a4 3585 o 96®
(16) (14) (15) (15)

25 4337 = 95 4225 + 102 5238 + 19 3903 « #1®
(186) (14) (15) (15)

25 4363 » 86 4261 » 98 4280 « 52 4012 « 82¢
(16) (1) (15) (15}

290° 3779 » 100 3685 + 95 3711 + 43 3605 « 88
(16) (14 (15) (15)
a.\'u:bers in parentbesis ( ) equal nuzmber of anizals ‘taed in mean.

Tay 29U

R
82 furent

(Term.) Bodv Vaieh* less uterus. placentas and fetuses.
{rwa the Coatrol at p < 0.01.



Stetiglically eagnificant reductions in moetermol body
weights ware observaed in the higr doss gr.vp for gestetionel deye
14-29 (Teble S5). Also, weignt gains in wne high dose EFrOoup ware
si1gnificently reduced ot some inteivels during eng following
trestment. During the tresatment {deys 7-14 ang deys 14-19), boey
weight losses rather then body welight gains were found. The
total body weight gain for the high dose group for the antire
gestationel period (deys 0-29U) wes also significently recuced.

In the intermadiate greup (S mg/hgl/day) the body weight gein
waos. significently reduced for gesteticnael tloys  14-19. Other
weight veristions in this group &re not considered significent.

Any changes in the weights of does in the low dose group
ware not significent, as the evaerage body weight of this group

was Never less tham 97% of the average body weight of does in the
control group.

Haternal Focd Consumption Datae

Haternal tomicity, 28 shown by & statisticolly significant
reduction in food consumption during treatment, wes observed in
the nigh dose (7S mg/hg/dey) group. (Tebla 8) Following
treatment, svidence of fecovery wes cbserved as food congumplion

increesad. This increase was ste- sticelly significant for days
24-28.

Although slight reductions in foog consumption were also
found in the intarmediste group (5 mg/kg/day), thase reductions

were statisticelly significant anly for gestationel davs 17 andg
129,

Food consumption was very slightly reduced in thne low dose
grfcup doth bafore and during the dosing periad, the raduction
being stetistiecelly significen? enly on day 13 of gestetion.
Hecause (hese reduclions also occursrad before the dosing perica,
they were not considered to haeve been cenvpound-related.

Abnrti:on

Ihere were three confirmed ehortions in the present study.
Une intermediete dose female on dey 2 and twe high dose Temales
on days 20 &nd 25 were hilled becausc they were asborting.

Une of the females who died in the low dose group was
thought to possibly be aborting on day 26.
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TABLE 5.
N .. Summary of Matarnal Weight Gain (grans!
Pays ox‘_"w A Ireatments (mg/kg/day)
Gesta :*.i;p Comtrol (0) 1 g 75
0-7 } 185 2,19 1748 « 28 166 =+ 18 142 ¢« 20
L (16) (14) (15) (1%8)
Teta 113 « 13 76 » 13 63 + 18 =522 » 190e
S (16) (14) (15) (1s)
14-19 120 + 15 105 = 17 45 » 23% .204 o 2606
: (16) (14) (15) (15)
19-21 48 « 16 39 = 10 43 » 10 108 + 27
(16) (14) (15) (18)
21«25, 21 « 22 33 » 26 67 = 13 304 o 379e
: (16) (14) (15) (13)
25-29 26 » 21 36 « 11 52 + 16 109 o 258
T (16) (1) (15) (1%)
o-zsu® <73 252 113 2 64 -183 o 42 .363 . 286
{167 (14 (i5) (15)

dNuabers iz farentbeais ( ) equal number of animals used ip mean,

Bav 25U = Day (Term.) Body Weight less uterus, piacentas and fetuses.
f0ifferent rram the Control at p £ 0.05.
‘épifferent from the Contral at p € 0.01.
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Renroduction Dats ot C-~Section

The rMesults of cesareun B@Ction, including Sverien, utering,
And l'itter dete, arw presented in Table 3.

The mean number of corpora lutes, uterine implantations, aeng
the me@en implentation afficiency were comparebdle Tor ell groups
esamined. For the O, i, 85, eand 7% mg/hg/dey groups the mean
fumber of rssorptions were, respectavely, " 1.3 (12.0%), 1.4
{11.4%},:1.8 (13.0%), eng 4.8 (82.6%). The 75 mg/hg/day velues
were staetisticelly significently higher (p<8.01) than the czntrol
values. Eacapt for the number of resorptions in the high dose
group, the results compare fevorebly with cantrol date an MN2W
reobits comp.lad by Wos aeand Hoar.®

The maean numtar of iive “fstysas par littas was 8.8
(contral), 8.9 (1 mg/ng/iday), 9.1 (5 mg/agiday), and 5.9 (5
mg/hg/aay). The high dose group hsed a reduced numbepr of fetunes,

which is statisticelly significaent (p<0.38) when ctompared to thae
control group.

§. DEVELOPMENTAL TOXICLITY EVALUATION

Fetal Date

The fatal data collected st cesarecon ssction are summarized
10 Taolev3.

As  noted @arlier, only in the high dose group was 5
3igniticent chenge in the litter size obsarved. No dead fetuses
ware found in the cantrol or 3ny of the treetsd groupsz. Also, no

var.aticnsg 1n felal scx roLio were detectad.

Only ir the 75 mg/hg/day group was o stetisticeliy

signmiticent reduction of maen fautael waight observed. The malie
felal weight was 3%.7 grams (p<0.01) sand tha femsle ¥etal weignt
was 35.8 grems (p<0.01). These velues ware comparad to 46.1 grams
{males) Aand 44.0 grems | females) for the control fetuses. These

dato er®e shown in Taeble 7.

*Woo and Moar, op. cit.
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Table 7: Summary o Fetal Weignts (grams)

Treatmants (mgrkg/Jay)
Farameter w2 1

S 7E
Fetal Weight - maie dc.1 44,0 42.Z2 IE.7e
“atai weight -~ Female a6 .0 &, T “Z.1 TS. 8+

=1fferent from the contrcl Qrous ath O.04.
BEST AVAILABLE COMY

The reviewers investigated a sossiole increase 1n the number
runts (body weight less than To gréms, 1r the treated groucs.

B RL

m& findings are presented 1n zhe tacle im Attacheent I. A4
SETINIT@ 1NCreas® was fCunsc inm  Thne " high osse grous. A slight
inZrease was found 1 poth the 3 mgoras/deyvy and B mg/kgr/dav
*2Tu3@S; however, No 1hnCcrease over CONRLrols w~as +ound 1n the
Swmb@er oF  litters Cont2ining runts fer either of these Two
Srsass. Sgven oF the 9 rurts irm taa S M2, r3/3@v ADBE QrGuD =ere
-Tovery  ilarge litters ceontairaing 1i or 12 fetuses, whicn cften
results 1n low birth weight. The other 2 were in a litter
comsistirg ©f § fetuses. ~3ditional calzulaticrs gave the naan
Tz i f‘ther ~@13ht (CoMTin=2d w~welg-ts oF #l1 f2tus2S 1P a litter

z c=se leve: cCi-i1cea =. tits:l rumser of littaers) -or

= be TET.E agrews arg toatr o 2 T mG 0./ 3av Arcus to

c-amg. Manv t@r’TOICQIsStsS »0.2C4T@ trhe litter apocroach

LU X § A

- fetal aoproacr 1n nandiing stat:stical data for
TrIttLtiAe che €+f@ct ¥ an sganrt.3-= ATIFOCBATION P Om

TESEFTINErs worling with New [27.8790 White ~abbits 1nJicates that
- -

t-zi values oOr & rurts 1r 4 OF lc lITT&rs was unJsusllv
N enc the probiem might De with Tthne racd1ts Suopi i ed fCr tha
=ET.2-. WitlhOut Suopert oF Gl er 330F3 SF “@€%&) TS 1Citv at tre €
- '3 dav dose level. the ravigwers cantiuce that. wu~der ths

IO A

o

z iti1ons of this stud.. FC CiZiogiCaily si1gmiricent effect ol
&17321ne on the featis at t e 1ntersac:ate COS® ievel 13 evicent.

i s.z@r, .. Choice of runcer o samoling umits 1 teratcisgs .
“zrstzidgv 9: 2ST-7S 174,

- Stali€es. R.E., armd J.r. Haseman, Selection of appropriate
€ Teri1mental umits 1n teratoliogy, Teratnlogy 9: 259-260, 1974.

(]

Weil, C.S., Selection o the valid number of sampling units ang
- Cconsideratren of their combination i1n toxicological stud:es
1mvolvirg reproduction, teratogenesis or cCarcinogenesis, Food ana
Ccocemeti1cs Toxicoloagy 8: 177-182, 1870,
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Malformation and Varietions

- Of {h. 489 fetuses produced in this study, two were
externally melformed, one hed & viscaral ebnormalicty, and ocne had
a sheletal malformetion. (Teble 8) The external enomalies were
omphalocele (cantrol group) ang ablepharia (high cdose group). The
only visceral malformation was the sbsence of @ g&llbladder in
one intermedisate dose fetus. The only sheletel maiformetion was
in one control fetus which exhibited ectromelia. All of these
were considered spontaneous end not dose realated.

A slight increase in sheletal variation was found with
increesing dose levels. The psremeters most increosed were those
concerning delayed ossification. The high dase group hag
statisticaelly significent incremases in dalayed ossification.
These findings are indicative of fetal texicity secondary o
severe metaurnal tosicity, @ conclusion consistent with reduced
fetal body weights in the high dose group. (Table 9)

Discussion
22553100

These reviewers are in general agreement with the more
important conclusions of this study. The wmeens and standard
deviations were found to be correct after spot cheching.

Administrstion of technical strezine to MNZW rabbits from
deays 7-19 of gestetion resulted in maternsal toxicity during the
treatment period at doses of S and 7S mg/hg/day. Does in the 75
mg/Rg/day group did not recover from symptoms of this toxicity

during the period after dosing. Signs of maternal tor.icity in
the intermedisete dose group were decreased food consumption ang
decreesed body weight. Signs of maternal toxicity in the high

dose group included bleod on vulve or in cage, decreased food
concu=stign, abnormal stocls, and CZacrussea body weight and
weight gein. In the lowest dose level (1 mg/hg/day) no dose
related toxzicity wes observed. It can be concluded that o
maternal NOEL in rsbobits can be set at 1 mg/hg/day. The maternasl
LOCL in this study is S mg/hg/dey.

The increeased number of resorptions in the high dose group
~as statisticelly significant and was not obsarved in any of the
Other groups. No desed fetuses were observed in any of the groups.
Fetal weights were normel in all groups except the high dose
group. In this group the weights of bath the male and female
fetuses were significantly reduced. No compound-related
malformations were observed. Skeletel verietions, especislly
delayed ossificaetion cf aeppendicular skaletal elemants, were
found more frequently in the high dose group. Embryotoxicity
end fetotoxicity in the high dose group wes considersd to have
been secondary to wmaternael toxirity. Thess reviewerc agrase thet
the developmental toxicity (embryoc/fetotoxicity) WNOEL in rabbits
is S mg/kg/day and conclude the LOEL is 98 mg/hg/dey.

["BEST AVAILABLE COPY | 206
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J0g12:
TABLE 8.
Sumiary of Fetal Malformations
. —Irestmegts (me/kg/day
Location . . Parameter [+ 1 5 ¥ -
Total Number of Fetuses
Exzmined 1%0 128 136 89
Total Number of Littsra 18 1% 15 15
Examined
External Qmphalocele 1 [+ (4] 4]
Ablepharia <) 4] 1] 1
Visceral Gallbladder-Absent 1] ] 1 0
Ekeletal Ectramelia ) o e . g
TABLE 9.
Sumzary of Fetal Skeletal Variatioaos (by Fetus)
- ) Ireatments (mg/kg/day)
Parameter Q 1 S 75
Numher of Fetuses with Yariations g4 80 99 75
Nusber of Fetuses with Varmations
Excludiog Forepav and Hindpaw 92 76 ‘97 68

BEST AVAILABLE COPY |
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0Ce1z:

Number of Runts (Body weight less then 30 greme)

Thcatn.nt

mg/hg/doy o 1 S 7S
Totel

litters 16 ia 18 15
Male Runts 1 a 2 9
Female

Runts 3 4 2 12
Tuial

Runts 4 8 9 21
Nuﬁbcr of

litters with 4 3 4 -]

Runts

208
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: iy UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
i S:-"Z o WASHINGTON, D C 2C460

e . 004761

S J
Foeay ST “wey
. 15 )Z fora
d\#v\' u 60 2,4 - PEETICIDCS A’a:o':rca(:?c':u.rruncga

€377 cAavrazine - Company Response to Toxicoliogy 3ranch Raviews of the
22t and Rabbit Teratolocy Studies. Sobmitted March 25, 1988 by
Cipa=-G2icy Corporation.
Tox. Branch Project No.: B-0744 Tex. Cnem. No.: 63

vowsnone Adden

o Robert Taylor
Product Manager 225
Registration Division (78-767C)

FROM: 2dith W. Hauswirth, Ph.D. Jicidgic vo Whiiscirtned
Section Head, Section VI 4%
Toxicclogy Branch/HED (TS-769C) / /e
THRl: Theodore . Farber, Ph.D., Chief /’,/ , s
Toxicolozy 3ranch/H=D (TS-769C) -

Action Pecuested: Determine whether the submitted data justify upgrading the
Tore classification of the rat and rabpoit teratolegy studies on Atrazine from
Core Suprlementary to Core Minimum. :

@ Rat Teratology Study (MRID 405663-02)

T-is study was classified as Core Supplementary pending scbmission of the

p;:i:g of the technical product and since a NJEL for runting was not demonstrazed
Tne recistrant has submitted information indicaring that the pirity of the
t2chnilal product was approximately 96.7% and historical control data to adZiress
thz absance of a NOZL for runtinz in the study. The historical control data

zlons Wit~ the inzidence of runting in the study are summarize3d in the following




¢ Josazs Graur
{m3/x3)
0 10 T0 700 His:. Corcroll
o ef feticzasz 282 350 . 22l £7 BTL2
2 " a - - = - ~p . .
e, £F ronts 1(0.3)¢ 8(1.%) (2.9} £3(97) 800,357
A

N2, of limzers 22 23 25 5 563

1{4.3) 3(13) ©4{is) 5{100) 65(9.8)4

1 sata from 25 studies were submitted. Dzt2 Srom one study, conducted in 1981,
was not incladed by this reviewer. Only Zata fram studies conducted from

, 1962 to 1986 are smmmarized. The study under consideration was dated 1934,

¢ lumoers in parentheses are percentase inc:i<ence.

3 Range = 0 - 4.0%

4

Range = 0-25.3%

Th% incidence Of both runts and litters with runts was within the historica:
control range for the low and mid dose groucs; however, for both of these
raraneters ani c2osage Iroups the incidense was slightly higher than the meaz-

nisterical comzrel valze. THe concurrent control valueg, on the other hang
/272 10w when Somsares to the historiczl corsral Mean values. This ceviewsr

T¥213 tnat the incidence of runts in tne low 2n6 mid dose graup of this study
=3 Aot treatment related, based upon the submizted historical control data and
thE comzaratively low concurrent control values seen in the Atrazine study.

I~ a3dition, tnhe increase over control vzlues in both the namber of runts andg
e numbsr of litters with runts wes not statistically significant at the lgw
S TiZ doss by Fischer's Exact tes: at the 0.95 level (Statistics done by =nis
rEviewer).

=, there were statistically sizm:ficant increases by both feral anz2
<2 in skeletal variations indiczting delayed ossification. These
not completely cssifies, oreschenoid rot ocssified, teeth rot

’ &zarpals rot ossified, metacaros’s bigar:zite, and distal pnalan
s2iliel.  Tne incidences of tnese effacts in tne control and low dose Iro:p

.\
f

oo
Pt

W in Q. O
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Rat Teratololy Study
The core grade of this study can be raised to Core Mininum,

Developmental NJEL = 10 m3/ka
Dev elo:men;a]_ LEL®= 70 mg/ka basad upon an increased incidence of skeletal
variations indicating delaved ossificatien.
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The Savety
Naw Jarge.,

Study of Rtrazine Techmicsl 1n Charles River

Tre Safety Evaiuation Faziiityv,y CiBA-GE 13
Corp. . Summit, New Jarsey
=248
f=-15=-84
Rotert N. Infurma. Fh.D.
=837 -

‘ MRIZ 00143009 . ey
cer i . cead—y 00/~ 0
Gerasidine S. Lanford, B.hA.

nzleve B Morgan, E.A,

Evalustion Facilitv, CIBA-GEIGY Corp., Summit.

CCNJUCted tNls teratoiogy study of Atrazine Techricai

in Charies River rats during the $al! o+ 1983,

<t 1§ IOrC.L32C trat tre taratologv Study OF atrazire
TEITNL.T3L 1n rats  LIDA-GEIGY Corcoration, 8 oo=S4) JdersnsTratcs
L - N
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Lhis group urnsztisfactory +or evaluation.
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' Developmental Toxicity LOEL: 10 mg/hg/s/cav

Thas valug 18 based on a three-{folg INCrease® Over Tont: nis 1/ the
Aumber of litters containing runts. Ne hastorical cantirol data
was supplied 14 the report o show 1§ the control QrTWUD 1n thas
Particul ar study experienced an unusually laow rate o+ runting.

 From the datae iurnxshed, under the conditions of this study,
a ngclapmontal Toxieity NOEL cannot be set.,

FROCEDURES
 Test matarial: Atrazine Technical
Vehicle: : S%Z acueous corn starch containing
: 0.%% Tween B0
Do3990 levels: O, 10, 79, 700 mg/kg/day by Gavage
Feriod of administration:Days 6~1% of gestat:on
Specires: Charles River CD rats

The protocol used in this 8tudy was in compliance with those
recommended in the Standard Evaluation Procsdure (SEP) ,
T.ratalogz Studies (EFA-540/9~8%5~-018, June 198%).

Atrazine wasg admimi stered once daily by gastric intubation
to +females wmated to males of the same strain. The study was .
composed of four groups and the number of Jemales per Qgroup was
27. This number was more than adequate as the minimum
recommended number is 20. The cral route of dosing was chosen
because potential human ®xpOosure 1% by this route.

Dosing occurred-daily ard was perfaormed aon davs & tarcuge 1S
of presumed gestation, the pericg o+ OFQancores1s 1n the rat.
The cay of natiNng was determred by the presence of sperm in the
vaginal washing and was designatec as day "L" of gestation,

Identification of 1ndividual rats. housing, food, water,
environment, quarantine time, andg group assignments were of
standard experimental desigrn. Dosing was performed as 1ndicatec
1n Table 1.
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Tacle 1: Dosing schedule

006937

Grouo Number of Davs o+ Deose
number {emal es treatment (ng/ta/aay)
1 t(control - o7 6-1% )

- 27 &=1% 14

e =7 6-15 . 7

4 Ity &-15 ARl

The controi group raceived 10 ml/kg/day of Y% corn sta-cm
Cuﬁcalﬂlnﬂ V.S% Tween 83 which was a volume eQuivalient to thse
reécelived by treateo rats. The volume o+ sSuspension of compouns
or’ vehicle te de admiri1s%8red to eech animal was determined bv

trRe #Mi1Tal’s boc. »wel3nt recordad on gestational davs &6, 1C. anm=
NN

ACcarsing =e tre SEF. t-e highest dose of three differant
ievels should induce Overt maternal toxicity but not more than
14% mezernal csath. Tre higrest dose in thie studv does nct nEGT
| 3281 requirement as "1 cf the 27 females died during gestation.

€ pathoiog~y ang snv maternal gross lesions wera encisac

= L vl
SELIDIC EltUanLLr..

o oy

w1l dams were coserved dailv for changes in acoearance &ng

Te-avior. Famales wers ~212hed on dave O, &, 19, 14, 1B, ar=z 20

ST ZBETETION.  FOOC CINSLTITION Measurements were ta.er dail. =1t

SEETEtionel Sevs £ 1o D, 1 dav I, the BUFVIvING CATS wa~3

S:Iviv.lsd #rd MeCroIsies. -~ cetailes examimation ard reIzTILr3

~#% MaAC@ CFf the uterire cSrtents. The females were e:amines -cr
-
c

The TELuSES werE ~umIEred 1A orcer of their gosiciorns i1~ ==g
4ieras from the cvarian 2nd of the lest haornm to The Ovarism erg
<+ "me racht orn, ~CGeé &nt, . viable fetuses were w@l3ITas 73
tre fetuses @XarTirec +3r Qrces abnormalit:ies. hporc:imate: - i
OF TP TRLUSPS WErE v..27 TS viSCEral examinetion arnd T wae

- .-

“ecared for S, e:2t:1 &.:TiMalian.
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A. MOTERNSL ZVALUATION

Maternai Mortality

= Ri3= rFate S* maternal deatn (21727
M3 Laroay group. This was 77.8% o¢ the
NG deatns were observea in the
a-cupns.

CCQurred 1n the 700
femsles 1n thisg Qroun.
control, 10, or TO mg/lc/aaw

Climical arg Fatrclocical Ooservat: ong

- NO materral toxizity was Cts@rved in  the control
the orly taxic 819N recorded 1n the 10
1N one dam. Rithoudr siopecia

groue #0g
mg/hkg/day Qroup was rales
_ ~a% statisticaily sigmificart 1n
Lhe 1ntarmeciots SrESet 1t was not considered to ne biolagicaliv
lgmificant sirce 1t g Commoni v cbserved i1n contrao;l m
The Safety E.sivericn Faciiitw.

-TOLOMS  cbs@~ved 14 the Figh Jose (700 mgslg/day) crous
inC.uged: salivatior 1n 12/27. oral/nasai discharge in 12,27,
0tI3:8 un 1127, swol.en acconenms 1n Bs27 and biooge an  the vulve
10 7/27. Incicental T1N21ngs 1n thasg greup i1ncluled alopecis ang
SwCi.®n Mminrdisg. (TaSie 2 '

animals at
Statistically significant

-

AL mecrsoswv Mlgn-dose femrales were found to have a
Statasticeilv elevatac :1ncrease in enlarged stomachs (2&/270
enlarged adrenais (12/27), and discolored lungs (3I/27).

ez

cmaro, Ratasz

The zTezma-c. retes for tma e 10, 75, a=g T TC. -2 zZz~
ITIucs were. rFeSoRTIINelv, S3.9%. 85.2%, 9Z.8%. anrc So.%. Tha
RregrerCy reélas Qilven arg within dcceptable rarges for rats. woao
¢TI MmGer recortec 3 3. Ereagrancy rate for Looled d2ta o Z3E2
trarizs River CC rees :im contrael studies.’ A1l ‘emalez ~era
®.éeT1m@3 fcr  yterire cortents *3liowing early zeath or SacCrivice
Cf QE@Static™ Gav o, ETLe1ng the Pregnancy rate iz Cased oM totay
- acCae €T *@m2les merves smo Mot only on those Suryiv.ng unt .

ih

FIT1FICe 07 Q&STET. S SE. L. Table 20

v t MATVE""Al D0, wWRIGCHTS were reco-Jed on 3avs O, o,
e ley 1B, ame cav Io o cresunea gestation, tTanle 4,

‘Weo, D.Z.. ang R.M. Hoar. Reproductive performance and
sSpotanecus maléormations 1n control Charles River CO rats: 2
Joint stuagv bv MAERTA, Teratology 19: S44, 1979,
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P Frior ta the dosing period, no diffgrences ;m bady weLght
81N ware noteu 1n any Group. (Table Z) In the !ow go8e group, «
statisticRlly signiticant iNCresse 1n body weight 921N was found
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006718
Reviewed by: Judith W. Hauswirth, Pn.D., Secticn Head édldﬂzauuo14191
Section VI, Tox. Branch (TS-769C) 4o/ €€
T - UDATA EVALUATICN REPORT
STUDY TYPE: 2-Generation Reproduction Study TOX. CHEM. NO.: 63
(83-4)

MRID .NO.: 404313-03

TEST MATERIAL: Atrazine

SYNONYMS : 2-Chioro-4-ethylamino-6-1isopropylamine-~s-triazine

STUUY'Nb.: 852063

SPUNSUR: Ciba-Geigy Corp., Agricultural Division, Greensbero, NC 27419

TESTING FACILITY: Research Department, Pharmaceuticals Divison, Ciba-
Geigy Corporation, Summit, NJ 07901

AUTHURS: J Mainiero. ™ Youreneff, MLA Giknis and ET Yau
REPORT ISSUED: November 17, 1987

CONCLUSION: Parental NOEL = SO ppm
Parental LEL = 500 ppm based upon decreased body wzights, body
weight gain, and food consumption in both parental males and
females throughout the study. I[n addition, the increase in relative
testes weights seen in parental males could be treatment-related
since it was seen in both generations.

Reproductive MOEL = 10 ppm .
Reproductive LEL = 50 ppm based upon decreased body weights of
pups of the second generation on postnatal day
- 210

CORE CLASSIFICATION: Core - Minimum

A. MATERIALS:

1. Test compound: Atrazine, Technical. B3atch™ “. '41802. white
powder. Purity not specified but stated to >z on record at
Ciba-Geigy Corporation, Greensporc, NC.

2. Test animals: Species: rat; Strain: Charles River (CRCD, YAF/
PLUS) from Charles River Laboratory, Ltd., Kingston, NY; Age: 137
days; Weight: males, 177-219g and females, 140-176g; animals were
quarantined for one week,
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B. STUOY DESIGN:

c.

1.

4,

5.

Animal assignment: According to the report, "One hundred twenty
.male and"one hundred twenty female rats from the acclimation colony

were random:y assignea a TEROS® temporary animal fdentification
number gnd at the same time were randomly distributed into 4

- treatment groups..." Permanent numbers were assigned when the animals
- werg found acceptable for the study.

.. Experimental design: Male rats were placed on the control and test diets
- at ays of age and females at 48 days of age. They were maintained

on these diets for a period of 10 weeks prior to mating. Males and

~ females were housed together in a 1:1 ratio for mating. They were ailowed

a three week period for mating and were separated once evidence of mating
was seen. One litter was produced in each generation. After

‘weaning of the last litter of the first generation, thirty males and

thirty females were selected for the second parental generation. The

'remainin? male parental animals were sacrificed on days 113-114 of the
~study. h

e remaining female parental animals were sacrificed on days
133-134 of the study.

: Animals selected for the second parental generation
were exposed to test diets for 12 weeks prior to mating. Mating was

-conducted in the same manner as for the first generation. Parental

males were sacrificed on day 138 oF the study and parental females on
days 138, 135 and 152 after weaning of their 1itters.

Test diat: Atrazing wa: mix:o witi “urina #5002 Certified Rodent Chow.
The concentrations used were O, 10, 50 ana 503 pra. Diets containing
10 to 30CO ppm atrazine vere found to be stable at room temperature

for at least 40 days. reriodic homogeneity analyses were performed

and atrazine concentrations were found to be 93-105% of the expected
values,

Statistics: Statistical methods can be found in Appendix 1 (Section
2.13 of tre report).

A signed quality assurance statement was included with the study report.

METHODS, RESULTS, AND DISCUSSION:

1.

Parental animals:

a. Observations: Animals were observed once daily for signs of
toxicity and twice daily for mortality. No treatment-related
clinical signs were seen in eitner parental generatfon. Alopecia
and sore(s)/scab(s) were commonly seen in all groups including
the controls.

At the levels tested, atrazine nhad no effect on mortality in either
parental generation.
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b. Body weights: Body weights were determined weekly and at

- termination for males. For females, body weights were record:c
weekly during the premating phase, on days 0, 7, 14 and 20 of
gestation and on days G, 4, 7, 14, and 21 of lactation. Sele:zz2d
body weight data can be found summarized in the following tal:e
for both parental generations.

Selected Parental Body Weight Data

Mean Body Weights (g)

Day ~
Dose , 0 21 49 70 Terminal
{mg/kg) . .
Males, Fo
0 198.4 339.0 448.8 500.9 566.3
10 198.1 338.5 449.8 508.9 577.8
50 197.6 337.4 447.8 501.2 567.8
500 198.0 309.3* 396.0% 440.7" 484 .8*
Hales, Fi
0 167.8 337.6 478.4 541.1 642.3
10 160.8 329.8 471.6 528.5 626.2
50 160.5 325.2 462.6 529.6 627.4
500 146.7% 294.7° 408.9" 459.5* 540.1°
Females, Fg
0 158.0 220.8 261.2 281.7
10 154.8 215.2 258.4 280.0
50 155.2 209.8 254.5 269.9
500 154.2 197.5* 231.6" 243.5
Females, Fj
0 141.7 212.0 262.8 287.8
10 138.7 216.4 272.1 296.1
50 140.1 212.4 264.5 290.4
500 127.9 193.7 232.7 251.8
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Body Weights (Cont'd.) 006718
Females, F, (Gestation) Females, Fo (Lactation)
{
(4] 20 { B 14 21
0 289.5 407.0 [ 330.5 354.2 341.3
10 285.3 415.9 | 323.5 348.,2 °  333.9
50 - 281.5 410.0 | 320.8 344.9 331.3
500 250.6 376.6" } 288.3* 319.1* 314.7%
Females, F; (Gestation) Females, Fy (Lactaticn)
i
0 .. 302.0 403.4 ] 329.8 347.5 333.7
10 296.5 413.4 - 334.7 344.5 335.3
50 305.3 418.1 | 341.4 346.7 333.3
500 260.8* 370.3* } 297.6* 316.9* 315.2*

~ p<0.05

Body weights were statistically significantly lower for both males and females
fed the diet containing 500 ppm atrazine (HOT) throughout the study. Body
weight gains were also statistically significantly depressed at the HOT.

At the mid dose (5C ppm) sporadic statistically significant decreases in

body weight gain were noted. These changes are not considered to be

related to treatment since they were occasional and very sporadic.

c. Food consumption: Food consumption was determined weekly for
males and females during the premating period and on days 0, 7,
14, and 20 of gestation for the females.

Food consumption was statistically significantly reduced for males
and females during the premating period for both parental generations
and for F) females on days 0-7 of gestation.

d. Sacrifice and pathology: All parental animals were subjected
to gross pathological examination. The testes and ovaries were
weighed. The following tissues were collected for microscopic

examination: '
vagina cervix ovaries
toestes epididymides seminal vesicles
prostate pituitary coagualtion gland

gross lesions

Tissues from the control and high dose group were examined
microscopically as well as all gross lesions.

1} Organ weights: There were no treatment-related effects on

ovarian weights. Relative but not absolute testes weights
were statistically significantly increased at the HOT
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in parenthl males of both generations. The study authors attributed this change
to decreased body weight gain at this dosage level,

-5

2) Gross necropsy: No treatment-related effects were seen in
aither generation.

3} histopathology: No treatment-related effects were seen in
either generation.

2. Reproductive effects:

2. Pup weights: Mean pup weights per litter were recorded cn
- lactation days 0, 4, 7, 14, and 21. Selected overall mean pup
" weights for each desage group and each generationn are shown in
the following table,

Mean Pup Weights (g)

F1 Generation Day
Dosage Group (ppm) 0 4 7 14 21
{pre-culling)
0 6.42 9.11 14.43 31.00 49.87
10 5.99" 8.10" 12.95* 28.1* 45.09*
50 _ 6.17 8.56 13.54 29.87 47.23
500 : 6.30 8.74 13.43 29.27 46.17"

F2 Generaticn

0 6.38 9.32 14.01 29.32 47.75
10 6.02" 8.75 13.39 28.26 44.55
50 6.23 9.02 13.66 28.33 43.77*

500 6.22 8.99 13.28 28.06 42.99*%

T op<0.05

For the F; Titter, there was a statistically significant decrease in pup body
weights at the low dose (10 ppm) at all time periods recorded. Since this
effect was mot dose-related, this reviewer does not consider it to be due to
treatment. The statisically significant decrease seen at the high dose at

day 21 in body weights is also not considered, by this reviewer as well as the
study author, as treatment related since it too is not dose related.

However, in the F; generation, the statistically significant decrease in

pup body weights at day 21 in the miu ana high dose are considered to be
treatment-related by this reviewer, since there appears to be a dase-related
effect on pup body weights at this time period and in this generation.

b. External observations of pups during lactation: Pups were
observed daily during lactation. No treatment-related effects
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were seen.

c Sacrifice and necropsy of pups: Pups culled on postnatal day 4
-~ were,subjected to gross necopsy as were 40 randomly selected F2
pups on day 21. No treatment-related findings were noted.

d. Other reproductive parameters: The following reproductive

. paramenters were studied: number of viable Jitters, litter size,
stillbirths, sex ratio, surival indices, male and female fertility,
male and female mating iniex, number of pregnant females,
number of implantation sites, number of viable newborns and
post-implantation loss. None of these parameters was affected
by treatment (see Appendix 2, Tables 6.6.3., 6.6.4., 6.8.1.,
6.14.3., 6.14.4., and 6.16.1. .aken from the study report).

C. CONCLUSIONS:

Atrazine at dietary levels of 10, 50, and 500 ppm had no effect on the
reproductive parameters studied; however, pup weights at postnatal day
21, second generation were statistically significantly lower than those
of the control group at 50 and 500 ppm. The significance of these body
weight effects could have been better addressed if two 11tters had been
produced in each generation. In the absence of this information, the
reduced pup weights at this time point are considered to be treatment-
related.

Body weights, body weight gain and food consumption were statistically
significantly decreased for parental animals, males and females, through-
out the study at the HUT. These are considered to be treatment-related
effects. In addition the statistically significant increase in relative
testes weights could be treatment-related, since this effect was seen in
both parental generations.

Parental NOEL = 50 ppm
Farental LEL = 500 ppm based upon decreased body weight, body weight gain,
and food consumption for parental animals throughout the
. study. In addition, the increase in relative testes weights
could be treatment-related, since this effect was seen in
parental males of both generations.

Reproductive NOEL = 10 ppm
Reporductive LEL = SO ppm based upon decreased body weight of pups on postnatal
day 21 in the second generation.

0. CORE CLASSIFICATION: Cora-Minimum




006937

006718

Appendix 1.




ATRAZINE 080803

Page is not included in this copy.

Pages 17’7 through 239 are not included.

The material not included contains the following type of
information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality contrél procedures. ;
Identity of the source of product ingredients.

Sales or other commercial/financial information.

A draft product label.

The product confidential statement of fortiula.

Information about a pending registration action.

2§ FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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Mutagenicity--In vitro Microbial Assays

(Bacillys subtilis Rec Assay and
Salmonella typhimyrium Reverse

STUDY IDENTIFICATION: Sutou, S., Kimura, Y.,
A. In vitro microbial assays
(Unpublished study No.

:auagé4;§{ CIBA-GEIGY (Japan) Ltd.,

0.
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APPROVED BY:.

I. Cecit Felkner, Ph.D. Signature:
Department Manager
Dynama: Corporation Date:
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for mutagenicity testing of atrazine.
NRI-79-2884 prepared by Nomura Research Institute,
Japan; dated August 1979.)
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7. CONCLUSIONS:

Atrazine was investigated in a series of three microbial assays. The
conclusions for each assay are presented beleow:

1. Bacillus subtilis Rec Assay

Six nonactivated doses of atrazine were assayed for the ability
- to induce ONA damage/repair in 8. subiilis H17 and M4t. Under
the conditions of <the assay, the test material. did not cause
preferential inhibition of repair-deficient M45 when compared to
the parental and repair-competent H17 strain. However, the assay
- was not performed using S9 activation; therefore, the study is
incomplete.

we conclude that the assay provides acceptable evidence of a non-

. genotoxic effect for the nonactivated test material; however, it
{s uynacceptabie as an overall screening procedure for genctoxic
effects.

2. Escherichia coli Reverse Mytation Assay

Under the conditions of this assay, 50, 100, 500, 1000, 2000, and
5000 wng/plate nonactivated and S9-activated atrazine did not-
induce reversion to tryptophan prototrophy. The test material
was assayed both to the limits of solubility (>1000 wug/plate

+/-59) and to a level causing cytotoxicity (5000 wug/plate
+/-59).

<: We conclude that this assay is acceptable.
\_—_—/___ H

3. Salmonella typhimurium Reverse Mutation Assay

Sseven doses of atrazine ranging from 50 to 10,000 ug/plate,
both in the presence and absence of S9 activation, did not cause
an appreciable increase in histidine revertants of $. typhimurium
TA1535, TA100, TA1538, TA98, or TA1537. However, the results
were compromised for the following reasons:

1. The S9-activated spontaneous reversion frequencies for TA1535,
TA1538, TAS8, and JA1537 were abnormally high and well beyond
acceptable ranges.

b 8

de Serres, F. J. and Shelby, M. D. Recommendations for data production
and analysis using the Salmonella/microsome mutagenicity  assay.
Environ. Mutagenesis 1(1979):87-92.

)
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- 2. The concentration of essential nutrients available to TA100
was approximately tenfold less than is recommended to ensure
. that several rounds of ONA replication occurred.® Thus.
the spontaneous reversion frequency and sensitivity of the
strains to detect the mutagenic effects, if any, of an unknewn

test material are equivocal.

. 3. Although evidence of cytotoxicity was noted, particularly at

- precipitating doses, the data were difficult to interpret
because of conflicting results for individual strains and
among the tester strains.

we conclude, therefore, that the S. typhimurium assay is unac~
" . ceptable. .

8. RECOMMENDATIONS:

The following recommendations are made to upgrade additional studies:

a. The 8. subtilis assay should be conducted in the presence and
absence of S9 activation to make the study fully acceptable
Hence, the entire assay should be repeated.

b. The S. typhimurium assay should be repeated in accordarte witn
recommended progzedures.

¢. Since the combined study results iadicated that the limit of
solubility was achieved at 1000 wug/plate, both with and without:
S9 activation, the evaluation of higher test doses is not
necessary.
d. A QA/GLP statement is required for future sStudies.
Items 9 and 10-~-see footnote -,

11. MATERIALS AND METHODS (F JTQOCOLS):

A. Materials and Methed.. (See Appendix A for details.)

1. Test Material: Atrazine, lot No. G 30027, was described as a
white powder with 98.8% purity; the powder was stable at 20°C
for at least '2 months. The test material was dissolved in
dimethylsulfex:42 (DMSO).

a
Marcn, D. M. and Ames, 8. N. Revised methods for the Salmoneila muta-
genicity test. Muytat. Res. 113(1983):173-215.

3 I
Itig.

']
Only items appropriate to this JER have been included.
3
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Bacterial Strains: B. suybtilis H17 and M&S, E. coli WF2
Her-, and S. typrimurium TA1S35, TA100, TAIS37, TAYS3E, and
7498 were used in these studies. Neither the source nor

storage conditions for the strains were reported. Qvernignt
nutrient broth cultuyres of each strain were prepare¢ for the
assays. .

$9 Activation: The S9 fraction used for metabolic activation
was derived from tne livers of Wistar male rats induced with
"Tetra® (500 mg/kg of polychlorobiphenyi). The S$9 mix was
prepared according to Nagao et al.? on the day of use.

Microbial Assays

a. B. subtilis Rec Assay: The DNA-repair assay was con-
ducted with six nonactivated doses of the test material,
Overnight broth cultures ¢f the repair-competent K17 and
repair-deficient M4S strains were diluted 1:2 and streaked
radially over the surface of nutrient Droth agar plates
prepared tso containa A central, 1 cm, concaved well.
Fifty-microliter volumes of the six selected test daoses,
+he solven:t control (OMSO), the negative controls (7.5 N
NaOH, 2 N HCl!, an¢ 100 ug/well Kanamycin, XM), or the
positive centrol {10 wg/well 2-(2-furyl)-3-(S-nitro-2-
furyl)acrylamide, AF-2) were added to the central well on
the appropriate piates. 1+ was noted that tabular
presentation of the data indicated that 100-uL volumes
were applied to the wells.

The plates were incubated overnight at 37°C; the 1length
of the innibitory zones were measure¢ and the difference
in growth between M45 and H17 for respective treatment
groups was comparec. ,
b. E. coli Reverse Mgtation Assay: Six concentrations of
the test material were assayed both in the presence and
the absence of S3 activation in the E. coli reverse
mutation assay. One-tenth milliliter of an overnight
broth culture of £. coli, grown to a density of 3.3 x
129 celis/mL, was inoculated into ‘tubes containing
2.5 mL of molten top agar (0.6% NaCl, 0.8% Difco agar,
and 1 ug/mL tryptophan). Bacterial inorulation was
followed by the addition in O0.1-mL volumes, of ‘the
selected coses cf the test material, solvent control

BEST AYAILABLE COPY

3
Nagao, M.,
42(1917):

Yahagi, T., Seinc, Y., Sugimura, T., and Ito, N. Mutat. Res.
33s.
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{OMSO), or positive controls (2 wg/plate N-methyl-n'-

nitro-N-aitrosoguanicire, MNMG, -S9, or 20 ug/plate
2-aminoanthracene, AL, +S9).

for the S9-activatec assay, an unspecified amount of 53
mix was incorpcratec i~to the reaction mixtures. The con-
tents of each tube were mixed and poured cver VYogel-Bonner
medium € (VBE); dupiicate plates were prepared for all
treatments. Plates were incubated at 37°C for 3 days.
At the end of incubation, the anumder of revertant ctolonies
was counted and averages were calculated.

¢c. S. tychimurium Reverse Mutation Assay: The S. typhimurium
reverse mutation assay was conducted with six S9-activated
and nonactivated doses of the ztest material. Overnight
broth cuitures of the appropriate tester strain in Q.1-mi
volumes w~.-e added to tubes ccniaining 2.5-mL volumes of
molten top agar supplemented with histidine and bioctin.
for unexplained reasons, the final concentration of
nistidine and biotin in top agar preparec for strain TAY00
was tenfold less (0.00S ﬁﬁ nistigine/diotin) than the
recomnended concentration, It was noted, however,
that the remaining strains were inoculated into top agar
prepared to contain the rezuired concentration of
essential nutrients (0.05 mM nistidine/biotin).

Following strain inoculation, C.1 mlL of the appropriate
test material dilution, sclvent (DMSO), or positive con-
trols were added. The amount of S9 mix added to the top
agar tubes for the §9-activated assay was not reported.
The following mutagens were used as the positive controls:

oncentratiocn

Strain Mutagen {ug/plate) S9 Activation
TA1535 B-propiolactone (8-PL) 100 -
TA100, TASS AF=2 0.1 -
TA1538 2-Nitrofluorene (2-NF) 50 -
TA1537 g-Aminoacridine (9-AA) 200 -
TA1535,TA1C0, 2AA ' 20 +

and TA98

TA1538, TA1S37 2AA 10 +

6
Maron, M. and Ames, 8. N. MuyTat. Res. 113(19E€3):173-215.
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The contents of each tube were mixed and overlaigd orio
v6f medium; plates were incubated at 37°C for 2 deys.
Revertant colonies were counted and the average nunmber of
nis* colonies were determined from the counts of dupli-
cate plates for each treatment groug.

4. Evaluation Criteria

a. B, subtilis Rec Assay: No specific criteria to evaluate
assay validity or a positive response were reporied. The
positive control was judged genotcxic basad on a 10-mm
difference in inhibition Dy M43 when compared to H17.

b. E. coli Reverse Mutation Assay: Nc specific criteria to
evaluate assay va:idity or & positive response wene
reported. The positive controls were judged mytagenic
based on the markec -increase in the number of tryptophan
revertants when compared to the negative control.

¢c. S. typhimuyrium Reverse Mytation Assay: Aithough no
specific criteria for a Scsitive response were reported,
11 was deduced from the authors' comments that a compound
was considered mutagenic *f a 2>2-fold increase in his*
coionies was azcumsanizd Dy A dose-related effect. Based
upen the incr.ase =n re.ertant coionies when compared to
the solvent controi, the aulhors considered the positive
controls to be muytagenic.

Protocol: A protocol was netl presented.

12. REPORTED RESULTS:

a.”

8. subtilis Rec Assay: ~~e& six CQses se ected fzr the nonacti-
vated Rec assay were 0T 20C. 1000, 2000, 3300, and 10,000
wg/well. The authors resariec compound precipitation at gose

>500 ug/well. Neithe zne test material doses nor the DMSO

control were cytotoxic far eitner strain. Approximate.y egual
zones of snhibition, indicative of cytotoxicity, were recorded
for the negativ: controls (7.5 N NaOH, 2 N HC1, or 100 wug/well
KM). dy contrast, greferential inhibiticn of repair-deficient
M4S when compared to repair-cempetent H17 was obcerved follawing
exposure to the positive contrei, 10 ug/well AF-2. Representa-
tive results of the Rec assay are shown in Table 1. ’

£. coli Reversec Mutatior Assay: The six nonactivated and S%-

were 50, 100, 500, 31000, 2000, and 5000 pg/plate. 1n both the
presence and absence cf IF activation, cempound precipitation was
reported for doses >1C00 wg/plate.

activated doses evaluatec in the E. colil reverse mutation assay
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TABLE V. Representative Resuits of the Bacillus subtilis Rec Assay
©oo.with Atrazine

Zone of innibition (mm}
of 8. subtilis strains?®

A Difference
subszance pose/well H17 (Rec+) M45 (Rec-) {mm)®

———

Solvent ggntrdiA :
Dimetnyisulfoxide 100 wi ] 0 )

Negative Control:

nzor (7.5K8) . 100 wi 21.5
HCY1 (2N) 100 ul 20.0
Kanamycin 100 ug 8.5

o~

0 on
O ntn
+ o+ F
O -
wn

positive Control :
z-(2-furyl)=3- 10 wg 10.0 22.3 +12.3¢
(S-nitro-2-furyl)-
acrylamide

Test Material
“Atrazine 10,000 wgd 0

(=]
o

a ,

Average length of zones ¢rom duplicate plates for all test conditions byt the

nighest assayed dose (results from 1ingle plates presented for 10,000 wg/well):
average zone lengths were calculated by our reviewers. ;

b.. :
pifference = (Average zone for M45) - {average zone for Hi17):; calculated by our
reviewers. .

c o
~Judged positive by the authors. -

g, . . 3
Highest assayed dose; compound precipitation reported for doses >500 ug/mL;
results for lower doses (100, 500, 1000, and SOOC ug/well) were comparable to

the solvent control.
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: cytotoxicity. as indicated by a greater than 40% reduction in
" gryptophan revertants, was observed a2t the highest dose both with
" and withcut s9 activation. No evidence of cytotoxicity was noted

pelow this concentration and no appreciatle increase in revertant

colonies of E. coli WP2 Hcr™ resulted from exposure to the five
nonactivated and s9-activated test doses. Both MNNG (2

“ug/plate, -s9) and 2RA (20 ug/plaze, + S9) were mutagenic.

Representative results are presented in Table 2.

s. typhimyrium Reverse Wutation Assay: Presented in Table ¢ are

representative results of the S. typhimurium reverse mytation
assay. For this study, seven concentrations ranging from S50 to
10,000 wg/plate were assayed with and without $9 activation.
In agreement with the findings of zthe E. coll reverse mytation

©.assay, doses >1000 wg/plate (+7-59) precipitated. in the
_absence of S9 activation, the two highest doses {5000 and 10,000

ug/plate) were cytotoxic for all strains except TA1S537. Strain

_TA\OO appeared to be more sensitive to the cytotoxic effects of
" the nonactivated test material (35% reduction in his* colonies

at 1000 ug/plate) than the remairing strains.

Inv the presence of 59 activaticn, cytotoxicity was generally
confined to the highest dose for the majority of strains; however,
a 50% reduction in hist colonies of strain TA1537 was evident

" at 5000 wg/plate. {n contrast <o the nonactivated results,
which indicated that TA100 was the most sensitive to cytotexic

action, S9-activated atrazine appeared more cytotoxic to strain
TAYE" ": however, the dose response was reversed (i.e., more cytlo-

_toxic at 100 wug/plate; less cyzotoxic with increased test
~‘material doses).

" No anpreciable increase in his* colenies of any strain
“accompanied exposure 10 the gradec dose of the test material,

either with or without 39 activazion. (Data were omitted for
strain TA100 at ‘the 5000-ug/piate ‘level, +S9). A1l strains
responded to the appropriate girect-acting or metabolically
activated mutagen.

STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A.

B.

The authors concluded, satrazine was not mutagenic in any of the
test systems used. Atrazine is concluded to be a nonmutagenic

under the present experimenta) cenditions.”

A quality assurance statement was fnot provided.

REVIEWERS' DISCUSSION AND INTERPRETATICN OF STUDY RESULTS:

We assess that within the confines of these studies, atrazine was not
mutagenic; however, individual studies were compromised either by the
absence of key elemenis or by specific ~echnical problems.
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sa8LE 2 Representative Resulfs ot *re Eschecichis coli and Sginoneilg e
i m » 5

Reverse Mutation Agsseyt with Atragine

T

Revertants per Plate of Becterisl Tesrer Serein®

P
§9 Acti- Dose €. coli . T

arance | . vation  (ug/plate) wP2 Hzr™  TAIS33  TAIS3T  tAaisle 198 WX

-+ Con®rol

q,:;ulfonid! - 0 9 26 ] 33 ? 1.°
. ] 18 &0 35 93 1ot o2

ive Con-rols

hyl-“'-ﬂifro-ﬂ—' ’

soguanidine - 2 1,620 - - - . .

piolactone - : - 100 - 790 - - - .

noscridine - 200 - - 2,667 - - -

rofluorens o - 50 - - - 2,089 - .

fvryl)-)-(ﬁ-ni*ro?

yl)-scrylamido - 0.1 - - - - 520 t,8°°

noanthracene S - 20 295 577 - - - .

' 10 - - 217 1,065 1,588 i,38

Hpterial

ine - 100® 19 23 14 33 33 T
* 22 27 47 101 108 153
- 5000 1" 14 7 24 23 7¢ §
* -} 44 19 88 93 -
- 10,000¢ - 15 10 3 18 2
* - 43 1 50 56 1c:

age count of duplicate plates.
s+ dose showing evidence of cytotoxicity (strain TAIS3S only, +59).

est dose assayed with E. coli; values for lowsr coses (50, 500, 1000, and 2000 ug/plate) were comarsbls %o
solvent control.

vest dose assaved with S. typhimur ium; valuss for remaining doses (50, 500, 1000, snd 2000 upg/pieve) were
sarsble to the solvent control.

Campound precipitation was reportad for doses >1000 ug/plate.




8 jrgtiiig Rec ASS8Y’ Atrazine did not cause cellylar QKA damage in
; —p. subtilis stralns: hewever, the lack of exogeneous Meta-
Dc11c'a:t1vation rencders the study incompliete and precludes an overe
anl assessment of the JHA-damaging potential of the <est material in

the Rec &ssay.

[ Eoii Reverse Mutazion ASS3y: Atrazine was assayed both 1o the
Timits of solubiliity and o a cytotoxic dose with no mutagenic effect

in an acceptable study.

S. typhimyrium peverse Muytation Assay: The following technical
prqb?ems were uncovered in reviewing the S. txghimurium revarse
mytation assay:

1. The spontaneous revertant frequencies for TA1535, TA1S37, TA1518,
ang TA98 in the presence of 59 activation were abnormally high
f,and exceeded acceptable ranges.

2. . Although the conzrol values for TA100 were acceptable, the 90%
© peduction in available nistidine and piotin (see Section 11.A.5¢)
probably lowered the actual rate of spontaneous reversion; hence,
the numbers do rot reflect the true packground counts for TAV00.
0f added concern jg the probable reduction in strain sensitivity
caused by the decreased nistidine. The recommended concentration
“of ‘histidine in the top agar was established to guarantee that
poth auxotrophs and prototrophs undergo ceveral divisions. Since
DNA replication js necessary in many cases for mutagenesis, the
lack of sufficient amino acid may have obscured the results with
TA100 and led to 3 false negative conclusion.

3. The cytotoxicity findings were difficylt to interpret because of
" tpe conflicting results reported for certain strains and the
differe~-2s among strains (i.e., not cytotoxic for TA1537 =533
put cy:.:oxic for +S9; marked cytotoxicity for TA100 -S9 but
reduced cytotox‘city for +359; moderately cytotoxic for TA1535 -S89
put increasingly cytotoxicity with a negative dose response for
+59). It is possibie ~nat compound precipitation at the three
nighest doses interfered with accurate mutant counts and data
from concentrations >1000 wg/plate should probably be excluded
from the evaluation.

wWe conclude, however, +nat the problems associated with high
packground frequencies for TA1535, TA1537, TA1538, and TA%8 and the
reduction in essential nutrients provided 1o strain TA100 render the
findings gnsupportanlie evidence of a nonmutagenic response.

Item 15--see footnote 4.

{%x A, Materials and uethods. CBI pp- §7-59.
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. OFPIER OF
MEMORANDILUM PRITICIDES AMO TORIC BUABTANSES
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Subiect: Atrazine - Submission of addizicnal Mutagenicity Data in Response
o zhe Registration Stancdard. Suomitted by Ciba-Geigy. Juns 19,
19587, Accession No.: 264052: =RID 402466-0l1.
Tox. Project No.: ~-0902 Tox. Chen, No.: 63

To:  Rooert Taylor
' - Product Manager #25
.Registration Division (TS-767C)

&m: ‘Jhtith W, musw’.rth' Ph.D. - ' “}_ W‘W ? /q/&"} .
’ Seczion Head, Section ‘I (7 /
andg
Trving Mauer, Ph.D. L e &44-«;:-7 Meccer. 9/l € 7
Section VI )
Toxi1cology BranciVHED (TS-765C}

Thru: eodore M, Farber, Ph.D., Chies (fd/k?/{
Y 37

Toxicology Branch/HED (TS-769C)

Action Recuested: Review a recently conducted Ames Salmonella assay
conducted on atrazine and consider arguments presented by Ciba-Geigy to
support the adequacy of two prevm-_slv reviewed mutagenicity assays
(UDS in rat nepatocytes and daminant letnal in mice) that were judged
by Toxicology Branch to be unacceptable.

Conclusions/Recoanendations:

/ 1.) Ames Sal.rrcmlla Assay: Acceptable and negative up to 5000 ug/plate
he "lumit Jose® at which sIJ.gnt. toxicity was observed). ﬁ(ﬁD o p9Y¢6-0 ‘

T ——— :

2. U wi0) _Rat Hepatocytes: bea«.;exgy s resgoxg_sgs_m_m:ap:able,
N as provide *  data 1T the-sSupple oo original report (dated

October E6TT This study 1S Now corSidersitu-be—sessptable. MILD

: : Qo024
T3 oEErEnt oethal-Assay in Mice: Ciba-Geigy's-respon$és are not $6072
accectatle for concludmg that atraseas was adequately tested in this

assay. An acceptable assayin the category oi™thegy oscnal aberrations
is still a data-g&p Lor atrazine.

ydetailed review follows,
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Studv Title: Atrazine: Salmonella/wammalian — Microsame Mutagencity Test

Autncr: E. 2eparade
Repors Datec: Decamoer 5, 1986
Oon2acziag Lascratory: Ciba-Geigy Limited, Basle, SWitzerland

Study Numoer: 861172

Test Materia.: G 30027 Technical: parity, 98.2%; Batch No., Loz 210200

vehicie: Dwmethylsaifoxide

Procecare: The assay was concucted according to the metnods of Ames, et al.
‘ref. 1-3). The strains tested were TA 98, TA 100, TA 1535 and TA
1537 botn with and without metabolic activation, The metadolic
activation system was derived fram the S9 fraction of liver from

—1£:RAIf(SPF) rats treated with Aroclor 1254, Positive controls
consisted of the following:

without metadolic activazion

—A 98 dauncrubicin-Cl

—a 100 4-nitroquincline-N-oxide

= 1535 sodium azide

-3 1537 9(5)-amincacridine hydrocnloride monohydrate

with metadolic activation

A 98 2=-zninocantaracene

~A 100 2-amincanthracene

TA 1535 cyclophosphamide -
<A 1537 2-anincanthracene ’

A signed quality assurance statement was included with the report.
distorical control data for each strain were also included,

Prel:minary Toxicity Screen: The toxicity screen was conducted with TA 100
1n the aosence of metabolic activationn. Con-

centrations ranged fram 0.08 to 5000 ug/0.1 ml.
One/zenth of an ml was aaded to each plate.

Corcentrat:ons of Test Mater:al: 20, 78, 313, 1250 and 5000 ug/0.1 ml dotn
with and without metabolic activatim.

Crizeria f=r a Pos:itive Response: (The following is taken directly from the
report).

The -est s.uostance 1S considered o De positive in this test system 1f one
or coth of tne following conditicns are met:

247
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- a. rep’:)ducxble dousling of the mean numbder of revertants per plate
anove zhat of the negative control at any concentration level for
oné or more of the foliowing strains: TA 98, TA 1535 and TA 1537,

- a repraducidle increase of the mean number of revertants per plate for
any congentration apove that of the negative contrel by a factor of 1.5
for strain TA 100.

Generally a concentration-related effect should be demonstrable.

Results: In the preliminary toxicity screen, no toxicity was seen up to
5000 ug/plate (the limiting dose) and this was, therefore,
chosen as the highest dose to be tes:ied.

NO increase in the incidence of histidine-prototrophic mutants
in comparison with the negative control was seen with any of
concentrations of G 30027 tested. Minimal toxicity was seen
at 5000 ug/plate for all strains tested both with and without
metabolic activation.

Conclus:ions: This is an acceptable assay, indicating that G 30027 is
negative when tested up to 5000 ug/place in the Salmonella/
mamalian - microsame mutagenicity test.

‘ritle: Atrazine: Autoradiographic DNA Repair Test on Rat Hepatocytes
/

was completed on May 16, 1984 and su!:utted/tfo the Agency

on July 28,N\986. It was reviewed by Toxicology Branch and their comments
were transmit to Ciba-Geigy by letter on 23, 1987. The study
<as cons:dered td\pe unacceptable for the following reasons:

a. "The cawined 24- hepatocyte atrtachment pericd and S5-hour test
camoound exposure t caused a-marked reduction in assay sensitivity
as indicated by the ledg thap adequate response of the positive
conzrol; -

b. Cytoplasmic background counting was not performed:;

c. Siices were not coded™,

s
Cina~Geigy has submi itional data to address the above points,
These include: '

a. "Both time /p’eriods used appear to be appropriate in that the positive
control assays provided a clear, consistaqt positive response. These
responses, as well as a numder of historical control values can be
corpared 1n the supplement to the report | supplement was included
1n the submission.]:;

. Cytoplasmic background grain counts are provi

the report [The supplement was inclujed in the s

" Tne slides were not coded; however, they were coun

eliminating bias”".

in the supplement to
ission.};
electronically there>

N

After raviewing the submitted data, Toxicology Branch concludes that the assay

248
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0027 does not induce

ca= ==w be cxis:dered acceptable fur showi:
UDS 1= rat henpatocytes.

Sl;.udv Title: Atrazire: inast iethal Tast

This stidy was origimally sumitied to the Agency o July 28, 1986. It
was feviewed by Toxicology Branch and found to be wuacceptable. Our
crirerts w-e trassnitted to Ciba-Geigy by lecter o April 23, 1987.
lsith this surission, Ciba=Geigy has responded to cur cowents indicating
that they believe that the assay should be considered acceptable.

\

Toxicolagy\&ranch Cament:
N\

N\
Under the camﬁx;fio:s of the study, 444 or 1332 mg/kg G30 027, administered
oy cavage to male mice, did not elicit a domirant lethal effect. However,
G30 027 did rot\induce a toxic or a cytotoxic effect. Therefore, we ave
utadble to assess:whethe-: the test material reached the target organ

(gomads). Ciba~Gaigy's Response:

There is nothing i:*.\the TSCA test guidelirne requirement (40CFR part
798.5450) citing the xeed for determining whether the test substance

reached the gonads. (A systemically administered campound would be expected
to reach all organ systams.)

Toxicology Branch Camment:

although performed and reported in 1981, this study was not submitted

wotil 1986, at which time the current Test Guidelines (September 27,

1985) had been i= effect for at least a year. XAccording to these current
Guidelizes ["at least]....3 dose levels ate employed, the highest should
produce sicns of toxicity, either clizical (in treated males), or reduced
fertility (in untreated regnant fermales)." Neither procedure was followed
i~ rhis test, and oo evidence given that any portiom of the orally
administered single dose reached all organ systems in effective amowunts

(to cause either target toxicity or mutagenic events).

Ciba=-Geigy Respxxise:

As stated in a footnote cr. page 5 of the report, the aprroximate oral
Ly of atrazine in mice is 3992 rg/kg. The rresent study conducted at
levels of 1332 and 444 mg/kg used doses that were 33 and 11 percent of
the Lk, Gose, respectively. The dose of 1332 mg/kg would be expected to
elizit systemic toxicity based on findings of sedation, dysmea,
piloerection, and hunched appearance observed in mice treated with a dose
of 1670 mg/kg (see refereence 1). From these data, it would ampear that
the maxi~m tolerated dose would be exceeded at a level of 1332 mg/kg.

Tox:czlogy & anch Coment:

The high dose of 1332 mg/kg is indeed cuite high, but produced no effects
in amy of the treated males. The selection of doses was stated to have
Dee~ hased o~ Refere-ce 1 (attached to the Dack of the report): “Acute




Oral msl)\:)\ Tech. Atrazize iz the Mouse”, a~ undated study conducted with
a differe~t batch of test chemical with an uistated prity and, hemce, not

approg-iate for dose selection.
Ciba~Geigy Response: 006937

i~ the Sentember 24, 1986 Federal Recister (Vol. 51, No. 158, n. 34009),
it is stated that “"the Agency will piace greater weight on tests conducted
iz germ cells than iz somatic cells, on tests nerformed in v1vo Tather
than in vitss, i eukaryotes rather than p.—oka’yotes. a:ﬁ i~ marmalian
species rather thas im.su—azvalian species.” The attached test repoTt
fulfills or exceeds those criteria. B

Toxicolocy Branch Camments,

A
The "criteria"described herevrefer to an overall assesement of mutagernic
potential for maz, and not th\a scientific evaluation of any particular
rutagenicity assay (where cu:"-e-t Test Guidelines goverm}.

Pueother, this dm.—.a-t. lethal stidy is deficient in not sampling the

entire specmatogenic cycle of the 'mouse, acktowledged by seasoned investi-
gators as more closely approximating 8 weeks, not the six weeks of matings
employed in this study. That 8 weeks of mating was standard practice

ever in the laboratory is re~enforced in the additioral data submitted as

a supplerent (startig on p. 52 of the pf:ese::: version of the study Teport),
20 a positive control group performed in the same year as this atrazine

study, cetailing the results of 8 Heeks af mating. .

Conclusizn:

This study remains unacceptable for the 'eas.\ts outlined in the Toxicology
zramch corents above.

Sgfarerces:

-

System for the Detection and Classification of Mutagens and Carcinogens.
Proc. Natl. Acad. Sci. USA 70:782-786.

1. Ames, BN, Lee, FD and Durston, WE (1973), An Improved Bacterial Test

2. Ames, BN, Durston, WE, Yamasaki, E and Lee, FD (1973), Carcinogens

are Mutazens: A Simple Test Systam Combining Liver Hamogenates for
tivation and Bacteria for Detection. Proc. Natl. Acad. Sci. USA 70,

2281-2285.

3. 3es, BN, McCann, J and Yamasaki, E (1375), Methods for Detecting
Carci: -e-s and Mutagens with the Salmorella/Marmnal ian Microsame Mutagenicity
Test. zation Res. 31:347-364.
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DETAILED REVIEW

A.

006937

Tesgiﬂaterial - G30-027 Technical (ATRAZINE)

Description: (Not stated)

Batch (Lot): 210200

Purity (%): 98.2:

Solvent/carrier/diluent: Suspended in 0.5% carboxy-
methylcellulose (CMC)
for oral administration.

Test Qrganism - Rodent

Species: Mouse
Strain: Tif:MAGF, SPF--NMRI-derived
Age: (Not stated)
Weights-~-Males: 30 to 34 g
Females: 21 tc 30 g
Source: Ciba-Geigy Tierfarm, Sisseln (Switzerland)

Study Design (Protocol) - A formal protocol was not
included i1n this report, but 2 list of authoritative
publications was appended. :

Both a Quality Assurance statement as well as a testament
of compliance to FIFRA GLPs were included in the Final
Report.

Procedure/Methods of Analysis - Following a preliminary

toxiclity test (up to acute doses of 5000 mg/kg) to
select the highest dose, the main assay was performed
in two parts. In tlh=2 first part, 24 male and 24 femals
mice were intubated once with 2250 mg/kg test material,
and groups of 8/sex sacrificed 16, 24, or 48 hours
postdosing. In the second portion, groups of animals
(8/sex) were administered atrazine at acute doses of
562.5, 1175, and 2250 mg/kg and sacrificed 24 hours
later. Both a negative control group (CMC vehicle) and
positive control, cyclophosphamide (CP, 64 mg/kg) were
included in each part of the study.

At sacrifice, bone marrow was flushed from both femurs:
of each animal, spread on glass microscopic slides, and
air-dried. The next day, the slides were stained with
May-Grunwald, counter-stained with diluted Geimsa,
rinsed in water, cleared in xylene, and mounted under
coverslips.

Coded slides £rom S5 animals/sex/treatment were scored
for micronuclei in 1000 polychromatic erythrocytes
{(m-PCE) per animal and the ratio of PCE to normochromatic
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06937

" erythrocytes (PCE/NCE) determined. A test substance

' was considered positive if there was a statistically

- significant increase (by chi-square) in micronucleated
PCEs at any dose or sampling time.

RESULTS

In>pfeliminaty toxicity testing, doses of 3750 mg/kg atrazine
and above were lethal, but mice survived 2250 mg/kg.

In the first part of the main study, four females due

to be sacrificed at 16 hours and three scheduled for the
24-hour kill died shortly after receiving 2250 mg/kg.
Henze, only Zour females were available for scoring m-PCEs
at ‘the 5-nour sampling; an extra male was included for this
time group. In the second part of the mutagenicity assay,
one mid-dose female (1125 mg/kg) died before her scheduled
gsacrifice (24 hours).

No statistically significant increases over vehicle controls
(i.e., p > 0.05) in m-PCEs were recorded in any test group
at any sampling time in either portion of the study (summary
tabulations from the Final Report are attached to this (DER),
and no apparent effects on PCE/NCE ratio (a measuze of cyto-
toxicity ia bone marrow erythropoiesis) were found.

By contrast, CP-treated animals manifested 25- to 75-fold
increases (p < 0.05) over their respectiva controls, again
without compromising erythropoiesis.

The author concluded that atrazine was negative for
inducing micronuclei in mice intubated up to acute doses
causing dea:h.

T8 EVALUATION

This two-part study appeared to have been conducted with
adequate procedures and appropriate controls, rendering
valid the interpretation of the results. Although no
significant cytotoxicity (bone marrow erythropoiesis) was
demonstrated, the test material was administecred up to a
dose causing death (2250 mg/kg), and the positive controls
responded as expected with significant increases in
micronuclei. Hence, the negative result with atrazine is
assessed as valid, and the study ACCEPTABLE.

Attachments




ATRAZINE 080803

Page is not included in this copy.

Pages ‘2575 through QLSE‘ are not included.

The material not included contains the following type of
information: «

_____ Identity of product inert ingredients.
_____ Identity of product impurities.

_____ Description of the product manufacturing process.
_____ Description of gquality control procedures.

_____ Identity of the source of product ingredients.
_____ sales or other commercial/financial information.
_____ A draft product label.

_____ The product confidential statement of fortiula.
_____ Information about a pending registration action.
;Z;_ FIFRA registration data.

_____ The document is a duplicate of page(s) .

The document is not responsive to the requést.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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~alian - Micresape Yiiaze
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7

; Limited, Basle, S~itzerland

=TItV Tess

/ -
l//
’I
clT Tesnmical; parity, 98.2%; Batsh No., Lot 210200
SN Z€
A
Protellre: 2882, W ccn:.;::e?’ according to the metndds cf Ames, et al,
1=51. \ ™e s:rafns tested were TA 98, TH 100, TA 1535 an3 Ta
ocen wiin 2ans without metadbolic activation, Th2 metadcilc
37120 syizar was Carived from the S8 fraction of liver fram
AIE{SFT, meus owreated with Aroclor 1254, Positive controls
ztes ol wng foliowing:
X
wizhass mesancyic)activation
)
T 32 daunorpicin=HCl
Th Lo s-rinroXeoinoling-N~oxide
Ta L2335 sxiir aiide
Tn :3:% s -zoinpacridine nvdrocnloride monohydrarte
Wlto metaSIlis activatd
C-z-i1as&nunracene
L-ZTonsanthragens
Tycispnospranige
c-arincanthracene
24 s:gned quality essurance statement was includec with the report.
=:storical control data for dach strain were alsc included.
3
?:-\:—-;:;:ar," Toxicity SCrest:  ThE toxiclitw screen was conductaed with TA 100
in the anser cf merabdolic acgzivation., Con-
/ . Y -
cc— zrations kanges fram 0.08 to 5000 ug/0.1 ml.
! z’'tentn cf an ml was adjdes to each pla.c.
Tz seatrzt.oms of Test wzteriel: 20, 7€, 313, 1250 and 5002 ug/0.1 ml doun
with and w;\iho,t metanolic activatic.
Critsria iir 3 Pasitive mesponse: (The following is taken directly from the
report).
Thz test s.ostante 1S Ions.tErel to De positive iR this test systew if one
Zr oown i otne fZliowing COTIZLLIONS are met:
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- 2 prErracutie GouT1:ng Of Ul mean nawey of revertafts peEr oplate
ad e tna the NEZaTIVE CONLrol at asy odnlent won le-'el tor

e fo.iOowing strains: TA 85, TX1%35 and TA 1537,

- x TELrDILlille i1NSrease of the mEan 1J1ﬁer/z£ reveriants per late for
2=, comsemrration ROoove tnat of the ne-y'r‘:e conezel by a facter of 1.5
1T osTral~ TA a0

N

ated effect snho.ld be samonstradle,
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ND in the 1ncicdenee of histidine—prototrophic mutants
in ive contrel was seen with any of
ez ¥inimal toxicity was seen
z $ testec both with and without

Conziisions: This 1S an acceptradle assay, 1ndicating tnat G 30027 is
» nezative whan testel up td 5000 Jdg/plate in the Salmonella/
smx—alian - microsoms rutag senicity\test,

mn

wudy Title: Atrazine: Autcradiocraphic DA Repair Test on Rat Hepatocyvtes

e —————— e,
™13 study was comg.eted on May 16, 1984 and submitted to the Agency
Julv 28, 1986, It wzs reviewed by Toxicology Branch and their caxmments
rz transmotieZ to Cizz-Geigy by letter on April 23, 1987, The study
s consicered w2 De unasceptaslie for tne following reasons:

2. "Te oI ;ne::‘ 24 h:u:' hepa 'r.e attazment pet:;od and 5-‘1:4: test

as i1ncicated by tne less than ajdejuate v'es;onse of the posxr.xve
contrzl:

=. {yr=zlastic background grain counting was not performed;
Z. Sl:Zes were not coded”,

-3>2igy has suomitied argomenzs’aidZ:itisnal data to adidress the above poinis.

z. “"poth time per.ods usel afpesr TS De agpropriate in that the positive
control assays provided a clesr, consiszent positive response, These
responses, as well as er of historical control values can De
corpares in the s.;;;:e:en to the report [The supplement was inclice
in tne s.omission. )

z. C,':O’las"c Sackzround grain coanzs are provided in the supplement to
tne repere [The SJ;;;"& 1t wz2s inciudes 1in the suarission.];

<. Tne siiies were Not CO0EZ; hiwever, they were counted eleciromically there
eluranating Sies”,

1

D
=’
0
La)

Lfter revie~in; the S.id>Tittel cata, Toxicoi.ogy Branch concludes that the assa;
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006937

* $833

DATA EVALUATION RECORD
ATRAZINE

Hutagenicity--Unscheduled DNA Repair in Primary Rat
Hepatocytes

STUDY  IDENTIFICATION: Puri, E. and HMuller, D. Autoradiographic DNA
repgir test on rat hepatocytes with G 30 027, technical. (Unpublished
study No. 331171 prepared and submitted by CIBA-GEIGY Ltd., Basle,
Switzerland; dated May 16, 1984.) Accession No. 284052.

y MRID FOX¢c07

APPROVED BY:

I. Ceci? Felkner, Ph.D. Signature: L.Q‘,‘{Q M@MH

Oeparzrent Manager

Oynamac Corporation Date: "),."1?- - g?
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4.

TEST MATERIAL: 6 30 027 tech
had a purity of $8.2%; no further details were provided.

STUDY/ACTION TYPE: Mutagenicity-—-Unscheduled DNA repair in primary

rat hepatocytes.

STUDY 1DENTIFICATION: Puri,

study No. 831171 prepare
Switzerland; dated May 16,

REVIEWED BY:

Nancy E. McCarroll, B.S.
pPrincipal Reviewer
fynamac Corporation

8renda Worthy, M.T.
Independent Reviewer
Dynamac Corporation

APPROVED BY:

1. Cecil Felkner, Ph.D.
genetic Toxicology
Technical Quality Control
Dynamac Corporation

Henry Spencer, Ph.D.
EPA Reviewer

Albin Kocialski, Ph.D.
EPA Section Held

CHEMICAL: Atrazine; 6 30 027.

nical was from batch No. p 210200 and

€. and Muller, 0. Autoradiographic DNA
repair test on rat hepatocytes with 6 30 027, technical. (Unpublished
4 and submitted by CIBA-GEIGY Ltd., Basle,
1984.) Accessfion Ko. 2840352.

Signature: ___LW(J\

006927

Signature: ‘/h;ylhw

Date: 2-23-TF

Date: 1-21 —(7

Signature:
Date: 1-17A<")

s/ = v
Signature: Z . et~

Date: 3/ .7 7
7~ 7

Signature: C.. \do i

Date: '?ﬁ‘h-‘gf"f’
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In support of this recommendation, Barfknecht et al.® recently
demonstrated that an 18~-hour exposure periocd was superior to
shorter intervals for detecting the ONA repair elicited in
response to chemicals such as a-nitroquinoline-1-oxide, mitomycin
€, and dimethylnitrosamine, which are well known for their ONA-
damaging activity.

It is noteworthy that the concentration of DMN (100 m*} selected
by the authors to demonstrate a positive 13.5-fold increase in
upsS over the control was approximately 1000 times higher than the
level used by Barfknecht et al. (1x10"4 M) to affect a response
4 hours posttreatment, comparable to that reported . in this
stuay. The latter showed that after 18 hours, 1x10™4 m DOMN
induced a A40-fold increase. From a compariscn of the study
authors' results and those of Barfknecht et aY. using DMN, we
assess that the combination of a 24-hour attachment per~iod and a
s-hour exposure period caused a marked reduction in assay
sensitivity. Of egual cancern is the extreme difference in the
positive control’ concentration and the highest assayed dose of
6 30 027; the DMN dose was 50 times higher than the highest
concentration of the test material (150 wg/mL).

Cytoplasmic background grain counts were not counted. These data
are essential Dbecause silver grains are not homogeneous 1y
distributed over the slides; therefore, the only way to correct
for random grain distribution is to count and subtract the grains
of adjacent cytoplasmic areas from the nuclear counts.

The slides were not coded.

conclude, therefore, that the study should be repeated in

accordance with recommended procedures for the primary rat hepatocyie
UDS assay.

r+em 15--5ee foctnote 2.

and Methods, CBI pp. &-7.

]
Barfknecht, 7. R., Naismith, R. W. and Kornburst, 0. J. Vvariations on

the

standard protocol design of the hepatocyte ONA repair assay.

(Manuscript sybmitted to the J. Appl. Toxicol.)
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TABLE 1. Representative Results of the Priéary Rat Hepatocyte
Unscheduled DNA Synthesis Assay with 6 30 027

No. of Average
Cells Silver Grains/

Substance Qose Scored Nucleus
Negative Control

Untreated cells - 150 1.61
So\vehf Control

gthanol - 150 1.61
positive Control

Dimethylnitrosamine 100 WM 150 21.82
Test Material

G 30 027 150 wg/mLb 150 1.42

3positive by authors' criterion (>2-fold increase in the number of silver
grains/nucleus over the control).

bHighest dose assayed; compound precipitation was reported for this dose

in the preliminary cytotoxicity assay. values for lower doses (1.2, 6,
and 30 uq/mlL) were slightly lower than the controls.
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2. REPORTED RESULTS: 006937

A.. Preliminary Cytotoxicity Assay: The seven doses 0Ff the test
material examined in the preliminary cytotoxizity assay ranged
from 3.125 to 150 wg/mL. No cytotoxicity wes -eported for the
selected concentrations; however, the report siated that at the
highest dose assayed, slight compound precipitation was observec.

8. UDS Assay: The UDS assay was conducted with 1.2, 6, 30, and
150 wg/mL of the test material. The choice of this dose range
was based on the results of the preliminary cytotoxicity assay.

The authors did not report compound precipitation at the high
dose. No evidence of a cytotoxic effect was observed at any
dose, and the mean silver grains/nucleus for all doses were
either comparable to or slightly lower than the control values.
Representative results are presented in Table 1.

13. STUDY AUTHORS' CONCLUSIONS/QUALITY ASSURANCE MEASURES:

A. The authors stated, "It fis concluded that, under the given
- experimental conditions, no evidence of induction of ONA damage
by 6 30 027 or by its metabolites was obtained that could be

interpreted as suggestive of mutagenic or carcinogenic properties
of the substance.®

8. A quality assurance statement was signed and dated May 10, 1984.

14. REVIEWERS' DISCUSSION AND INTERPRETATION OF STUOY RESULTS:
We assess that the study is unacceptable for the following reasons:

1. Since the attachment period was prolonged (i.e., 24 hours), it is
1ikely that the metabolic activity of the cells was reduced;
hence, cells with less than adequate sensitivity were exposed to
the test material. The recommended attachment period 35 1.5 to 2
hours.? :

2. The length of exposure of the hepatocytes to the test material (5
hours) may have been too short to finduce a UDS resporse. The
U.s. Environmental Protection Agency Gene-Tox Program*
recommends an 18-hour exposure.

3
Mitchell, et al. (1983). Mutat. Res. 123(1983):363-410.

a
Ibid.
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freshly isolated cells were suspended in Williams' Medium €
(WME),  counted, ~ and  dispensed (105 cells/mL)  onto
gelatinized coverslips in multi-well culture plates. The
cultures were allowed to attach to the coversliips for 1.5-2.0
hours under unspecified conditions. Prior to use in the
assay, attached cells were washed, refed fresh medium, and
incubated overnight.

preliminary Cvtotoxicity Assay:

Cells were exposed to seven concentrations of the test
material and the solvent control for 5 hours. Dosed cells
were rinsed, stained with Trypan blue, and fixed, and the
percentage of unstained cells in 100 scored hepatocytes was
determined. The following criteria were used to evaluate the
cytotoxicity results and to establish doses for the U0S
assay: a sufficiently large number of cells must adhere 1o
the coverslip, at least 25% of the cells must show viability
upon examination by means of the vital-staining techniques,
and a corresponding percentage of the cells must display
normal morphological characteristics.

§. UDS Assay:

a. Treatment: Four preselected concentrations of the test
material were evaluated in the UDS assay. Quadruplicate
cultures per group were exposed to the test material
doses, the negative control (untreated), the solvent
control (ETOH), and 100 mM dimethylnitrosamine (DMN), the
positive control, in the presence of 1 wuCi/mL [3H}-
thymidgine for S hours. Exposed cells were washed and

fixed with ETOH/acetic acid (3:1) and the coverslips were
mounted onto slides.

b. Preparation of Autoradiograghs/ﬁrain Development: The
procedures (")

and solutions used t develop the nuclear
grains were not described; the report stated, however,
that the exposure time was 6 hours. Autoradiographs were
stained with nematoxylin-eosin. The report did not
indicate whether the slides were coded.

¢. Grain Counting: Nuclear grains of 150 cells for each of
the dose and control groups were counted. The background
count was determined in cell-free areas and the reported
stated, "It was found to be negligibly low."

6. Evaluation Criteria: The assay was considered positive if
the mean nuclear grain count was >2-fold higher than the
negative control at any dose.

8. Protocol: A protocol was not presented.
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7. CONCLUSIONS:

A. The primary rat hepatocyle unscheduled DNA synthesis (UDS) assay
conducted with 6 30 027 technical 1s unacceptable for the
following reasons:

1. The combined 24-hour hepatocyte attachment period and 5-hour
test compound exposure time caused 2 marked reduction in
assay sensitivity as indicated by the less than adequate
response of the positive control (see Reviewers' Discussicn).

2. Cytoplasmic background grain counting was not performad.

3. Slides were not coded.

8. The study is unacceptable.

8. RECOMMENDATIONS:
The repeat assay should be performed in accordance with recomrended
procedures.?

items 9 and 10-—See footnote 2.

11. MATERIALS AND METHOOS (PROTOCOLS):
A. Materials and Methods: (See Appendix A for details.)

1. Test Material: 6 30 027 was from batch No. F 210200 and had
a purity of 98.2%. No information on the physical
appearance, stability, or storage conditions was provided.
The test material was dissolved in ethanol (ETOH).

2. 1lndicator Cells: Primary rat hepatocytes were collected from
a male rat (Tif:RAIf, SPF); the method used to harvest the
hepatocytes was not reported. The rat was obtained §from
CIBA-GEIGY Tierfarm, Sisseln.

3

Mitchell, A. 0., Casciano, D. A., Meltz, M. L., Robinson, D. E., San,
R. H. C., wWiiliam, 6. M., and VYon Halle, E. S. Unscheduled DNA
synthesis tests, a report of the U.S. Environmental Protection Agency
Gene-Tox Program. Mutat. Res. 123{(1983):363-410.

Z0nly items appropriate to this DER have been included.
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DATA EVALIATION REPORT
I. SUMMARY ¢
STUDY TYPE: Metabolism ~ rat (85-1) CASWELL NOQ: 63
ACCESSION NUMBER: MRID RO.: 404313-04

IEST MATERIAL: Atrazine

SYNONYMS : 2-cnlc:o-4-cthylnino-c-ilcpropylnino-g-trnz;nn
STUDY NUMBER: ABR-87048

SEONSOR: CIBA-GEIGY Corp., Agricultural Division, P.O0. Box 18300

Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GtIGY Corp., Blochemistry Dept., P.O.
Box 18300 Greensboroe, NC 27419
-‘nd-

SRI International, 333 Ravenswvood Ave., Mnelo
Park, CA 94025 (Study No. LSC-1469)

IITLE OF REPORT: Disposition of Atrazine in the Rat (General
Metabolism) .

AUTHOR: G.R. Orr
REPORT ISSUED: October 23, 1987
CONCLUSIONS:

The distribution of atrazina in rats was found to be dose-
dependent and indepsndent of sex. Of the tissues studied, the
red ceslls store the highest 1levels of atrazine, apparently
through the covalent binding of a metabolite. 1In rats given a
single oral dose of 100 mg/kg atrazine, in decrsasing order, the
levels found in the following tissues wvere: red blood calls,
heart, spleen, lung, liver, kidney, brain, gonads, pituitary,
muscle, bone, fat, and plasma. In rats given repeated daily
cral doses of 1 mg/kg atrazine, in decreasing order, the levels
found in the following tissues were: red blood cells, liver,
spleen, kidney, lung, heart, pituitary, brain, gonads, muscle,
bone, fat, and plasma. Under the axposurs regimen used in this
study, atrazine does not accumulate in the tissues of the rat,
except perhaps for the red blood cell. The pattern of atrazine
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tissue distribution for atrazine in this study is similar to that
found in rats repeated exposed to atrazina (MRID Nos. 404313-05
and 404313-09).

The distribution of atrazine was reported to follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or t;,;, and the volume of distribution, or Va,
are independent of léﬂ ‘dose of atrazine and (2) the plasma
concentration of atrazine or its metabolites are directly
proportional to tha dose of atrazine. Plasma concentrations of
atrazine measured.during and after atrazine expcosure showed that
the whole bdody half-life (£1/2) ©of atrazine or its metabolites is
31.3 hecurs (1.3 days) in raé-. These rsported findings further
indicate that atrazine does not accumulate under this eaxposura
regimen in the =at.

Excretion of atrazine in rats. About 95% of the atrazine
administered orally is excreted within 7 days after cessation of
exposure. The route of atrazine excretion was reported to be
independent of the dose and sex of rat. About 75% of the
atrazine is excreted through the urinary route whersas about 20%
of the atrazine is eliminated in the fecss. The alimination
route for the remaining 5% was not reported. Also, the level of
atrazine elimination by exhalation or through the skin (swsating)
was not reported.

summary. The whole body half-life of 1.30 days for atrazine is
consistent with the observation that about 9$5% of the
administered dose is eliminated within 7 days after exposure.
The red cells store the highest concentration of atrazine in the
rat, apparently through the covalent binding of a metabolite.
“rder the dose regimen employed in this study, atrazine dces not
accunulats in the rat. ’

classification: Acceptable: This classification is baged
on the fact that the msthodology requirements established in the
Pesticide Assessment Guidelines, Subdivision P §85-1 have been
satisfied only for reporting the distribution and excretion of
atrazine in male rats. However, all of the data rsquirements for
metaholism studies set forth in §83-1 have not been reported.
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IT. MATERIMLS:

A. Test Compound: htrazine (2-chloro-4-ethylamino-6-
isopropylamino-g-triazina)

Description: Not provided in this summary report.

Batch #: Not provided in this summary report.

Purity: Not provided in this summary report for the
, nonradiolabeled compound. .

- Radioclabeling procedure:

- . All carbons in the trizzine nmoiety of atrazine were
replaced with carbon-14. The gpecific activity of the.
radiolabeled compound was 95.8 microCuries/mg in low
dose experiments and 1.06 microCuries/mg in the high
dose experiments. The purity of the radiolabelad test
compound was reported to be > 98% ascertained by two
different thin-layer chromatography systams.

B. m.mmn:

Species: Rat

Strain: Sprague-Dawley CD

Age: Hot provided in this report.

Weight (mean): 160-225g

Socurce: Charles River Breeding Laboratories, Portage, MI
(refer to p. 53 of this study).

IIX. STUDY DESIGN:
A. Animal Assignment:

Animals were assigned randomly to the following tast
groups:

Table 1
Animal Assignment in this Study
(Atrazine Elimination and Distr-ibution Experinent)

Daily Oral Duration
Test Dose Given® Rats of
Group _ (mqg/kg) =~ male female _  Exposure
1 Control 6.0 2 2 none
2 low 1.0 5 5 1 day
3 High 100.0 5 s 1 day
4 SubqQ 1.0 5 s 15 days
——

After the last oral dose was given, the urinary and fecal
levels of radicactivity were nmeasured for 7 days.

269
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Aninmals vere individually placed in metabolise cages for
the collection of feces and urine. The collection of
- metabolits was conducted &t SRI International. The

3amples vere then shipped to the CIBA-GEIGY laboratory in
Grsensbore, NC for analysis.

Dose Method: The rats were alloved a one-week acclimation
period prior to initiation of experimentation. Atrazine

- was given orally (via a stomach tubae) to the rats as an

active ingredient or zs a radiolabeled active ingredient.

- The vehicle was 3% corn starch and 0.5% polysorbate 80

(v/v). The rats vere tllowved free access to animal feed
(Purina) and tap water.

 statistics:

The following precedurss vers utilized in analyzing

- the numerical data:

One~- and two-way analysis of variance (ANOVA) vas used
to asssss the statistical significance of rssults betwsen
dose, treatment groups or sex. When appropriste, Dunnetts
or Newman-Keuls t-tests wvere performed ¢o assess

- differences betvwsen group means.

For generating the kinetic models, the excretion data
was used. This evaluation was performed by I.W.P. Davidson
of Bowman Gray Schcol of Medicine. Additional kinetic
paramaters such as rats constants, half-1ife valuss, and
alpha and beta distribution values were obtained with the
use of the EZSTRIP and PCNONLIN computer programs calculated

by C.HM. Metzler and D.L. Weiner (Statisticsl Censultants,
Edgewood, XY).

Quality Assurance:

A signed quality assurancs statement vas provided by a
quality assurance inspector from SRI Intsrnaticnal, the
subcontracting laboratory where the metabolism of
radiclabeled atrazine was studied. According to the
statement, the Good Laboratory Practice methods were
followed in this study. However. the analytical phase of
the metabolism study was reported not meet the Good
Laboratory Practices Requirsments of 40 CFR Part 160
because: (1) "there was no QA {quality assurance)
inspection of the analytical phase of the study® and (2) *®
there was no QA audit of (this] final report ABR-87048."
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- 8elected tissues ware analyzed for

C0é7i3

METRODS :
L 4

ohservations: The frequency of clinical cbservations made
on these rats was not provided in this study.

H There wera no

Toxicity/mortality (survival) results
treatment-related deaths reported in this study.

: The precadure was conductsd to

Experimental Protocol
- assegs the distribution (and elimination) of atrazine.

, As shown in Table 1, three groups of rats (5 males and

'S females) were trested orally with atrazine. The first

group recsived a singls dose of l4C-strazine at 1 »g/kg: a

second group wers given a single dose of 100 ng/kg léc-

atrazine; and a third group received daily doses of 1

ng/kg of nonradioclabeled ﬁ.nzino for 14 days and on day
C

15, wvas given 1 ng/kg -atrazine. A contrel group
received vehicle only. ‘

Following the last dose of l4c-atrazine in each group,

the feces and urine wvere measured in each animal for 7
days. Following this, the rats wers sacrificed and the
“urine, feces, and red blocd CQJf.l, and the following
Ac content (Figure 1).
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4 FIGURE 1
| | Tongue I | Aortar |X | Braine,g
] | Salivary glands® |X | Hearte¢ | | Peripherzl nerves$
| | Esophagus» | | Bone marrow*$ | | Spinal cord (3 levels)+*s
| | Stomache i | Lymph nodes® iX | Pituitary»
| | Duodenum® 1X | Spleen@ | | Eyes (optic n.)+#
I | Jejunume I | Thymuse®
1X | Red bloecd call Glandular
| | Ileume Urogenital | | Adrenal gland*
| | Cecum# X | Kidnays*+§ | | Exorbital lacrimal gland#
| | Colonw }] | Bladdere 1X | Mammary gland+$
| | Rectume 1X | Testes=*¢ | | Parathyreidss++
iX | Liver =*@ | | Epididymides | | Thyroidss**
| | Gall bladder+§ | | Prostate 5
| | Pancreas+ | | Seminal vesicle|X | Bone (femur)#$
[X | Ovaries**e¢ IX | Muscle*#¢

| | Trachea+$ | | Uterus+§ 1 | Skin#$
iX | Lung+%@ | | Cervix I | All gross lasions
| | Nose~ } | Fallopian tubss and nasgsg*
| | Pharynx~ |X | Residual Carcassé
| | Larynx~ |X | Pace

T {X | Plasma (blood)@
* Required for subchronic and chronic studies.
~ Required for chronic inhalation.
¢ In subchrornic studies, examined and preserved only if indicated

signs of toxicity or target organ involvement.

Organ weight reguired in subchronic and chronic studies.
Organ weight required for non-rodent studies.

€ Required for determining distribution in metabolism studies.

+

b
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V.  BESULTY: _
Y Retiparites —and_its

Five cale and S femals rats wers used to assess the
disposition and elimination of atrazine after acute or
~subchronic exposurs. Table 2 shows that the total racovary
of atrazine aver 2¢d 102.9% for the group given a single
dose of 1 mg/kg C-atrazine, 103.2% for the group of rata
given a single dose of 100 mg/kg ‘4C-atrazine, and 88.3%
for the group of rats given a daily dcse of 1 ng/ke
atrazine followed by a single dose of 1 mg/kg léC-atrazine
on day 15 (referred hers as the subchroniec group) .

: Concerning the elimination of nt.r&zin. or its
metabolites, approximately 95% of the di4C-label was
excreted within 7 days of the last axposure (Table 2). In
all 3 groups of rats, rouchly 75% of the 14(:-]1315.1 was
excretecd in the urine whersas about 208 of the t4c-label
vas eliminated in the feces. Both discussion of other
routes of elimination and t¢he remaining 5% of the
administered atrazine were not reported.

ngcvcr, differsnces between dosage grouge for tissue-
borne l4c-label were observed. A statistically significant
decrease (p <0.08) in the mean lsvel of tissue-borne 14c-
label was found in those rats given a single dose of 100
ng/kg when compared to the group of rats who received a
single dose of 1 mg/kg atrazine. Also, 2 statisticall
significant decreasa (p <0.03) in the mean level of tissue-
borne 14c-label was found in those rats subchronically
treated with atrazine when compared to @& group of rats
who received a single dose of 1 Bg/kg C-atrazine. No
differences were observed between sexss regarding L4C-label
in the urinci feces, and the tissues measured 7 days after
exposure to 14C-atrazine.

The red blood cells (RBC) had the highest levels of
léc-label of all tissues studied (Table 3). The ratio of
RBC binding of the l4c-label was proportional to the doss
administered, i.s., the concentration fer the high dose
single exposure group (100 Bg/kg) was about 100 times that
of the low dose single exposure group (1 Bg/kg), and the
tissue concentration of the subchrenic group (1 mg/kg for
15 days) was the saune (1.11 and 1.00) to that of the low
dose group. The ratios, 1.11 and 1.00, also provide some
indication that atrazine and its metabolites had not
accumulated in the red blood calls or any other tlssues
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_under this exposure regimen. This assertion is based on
~ths observation cthat tissue concentrations wvare the same in
-the acute and subchronic exposure groups (Table 3).

' .. The high concentratiorn of l4c-label reported in the
red blood cell is discussed in further detail. The author
‘suggeats that l4c-label binding in the red blood cell is
the produc& of a covalent interaction between the triszine
molety of l4c-gtrazine and the cysteinal sulfhydryl groups
in the rat hemoglobin macromclecule.

. .The remaining tissues listed in Table 3 show lover
‘levels of l4c-atrazine apd its metabolites. Also, in these
tissues, the ratic of l4c¢c-label binding was propertional
lower than the administered dose, e.g., J4c-labe)
concenctrations in the subchronic gEouUp were lover than
that for the acute exposure group (Table 5). This finding
provides evidence that atrazine or its natabolites appecr
not o accumulate in any ¢tissues under this BXPOBUT
regimen. However, cumulative binding of atrazine
metabolites in RBCs after chronic SXPpoOsSUTE BAY oOCCuUr.

%Wﬂm The whole body half-life (ty/9) of
**C=labsl was 31.3 + 2.8 hours (1.3 days) was calculated
from the urinary excretion data. The author raported that
the data best fits an open tvo-compartment toxicokinetic
rodal. In addition, neo statistically significant
differsnces were reported betwvaen Treatment groups or sex
regarding the values for: alpha, beta, k10, k332 and k,q or
the whole body tj/ 3 value.
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V. DISCURSION:

The distribution of atrazine in rats was found to be dose-
dependent and independent of sex. Of the tissues studied, the
red calls store the highest levels of atrazine, apparently
through the covalent binding of a metabolite. 1In rats given a
singla oral dose of 100 mg/kg atrazine, in decrsasing order, the
levels found in the following tissues were: red blood cells,
heart, spleen, lung, liver, kidney, brain, gonads, pituitary,
muscle, bone, fat, and plasma. In rats given repeatad daily
oral doses of 1 mg/kg atrazine, in decreasing ozder, the lavels
tfound in the following tissuss were: red blood cslls, liver,
splesn, kidney, lung, heart, pituitary, brain, gonads, nuscle,
bone, fat, and plasma. Under the exposure regimen used in this
study, atrazine does not accumulate in the tissues of the rat,
except perhaps for the red blocod cell. The pattern of atrazine
tissue distribution for atrazine in this study is similar to that
found in rats repeated exposed to atrazine (MRID Nos. 404313-0%
and 4043113-09).

The distribution of atrazine was reported to follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or tj;,3, and the volume of distribution, or V4,
are independent of {h. dose of atrazine and (2) the plasema
concantration of atrazine or its metabolites ars directly
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine sxposurs showed that
the wvhole body half-life (€1/2) of atrazine or its metabolites is
31.3 hours (1.3 days) in rats. These reported findings further
indicate thet atrazine dces not accumulate under this exXposure
regiman in the rat.

Excretion of atrazine in rats. About 95% of the atrazine
administered orally is excreted within 7 days after cessation of
eXposure. The route of atrazine sxcretion was reported to be
independent of the dose and sex of rat. About 75% of the
atrazine is excreted through the urinary route whersas about 20%
of the atrazine is eliminated in the feces. The elimination
routs for the remaining 5% was not reported. Alsc, the level of
atrazine elimination by exhalation or through the skin (sveating)
was not reperted.

sSumpary. The wvhole body half-life of 1.30 days for atrazine is
consistent with the observation that about 95% of the
administered dose is eliminated within 7 days after exposure.
The red cells store the Lighest concentration of atrazine in the
rat, apparently through the covalent binding of a metabolites.
Under the dose regimen employed in this study, atrazine dces not
accumulate in the rat.

27
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Clasmification: Acceptable: This classification is based
ocn the fact that the msthodology requirements established in the

Pesticide Assessment Guideiines, Subdivision P §83~1 have been
satisfied only for reporting the distribution and excretiom of
atrazinae in male rats. However, all of the data raquirenents for
netabolism studies set forth in §85-1 have not been reported.

PCl/reports/atrametb.004

278
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DATA EVALUATION REPORT
I.  SIMMARX: |
STUDY TYPE: Metabolism - rat (8S-1)  CASWELL NO: 63
ACCESSION NUMBER: : MRID NO.: 404313-08

IEST MATERIAL: Atrazine
SYNONYMS: 2-Chloro-4-sthylaminc-é-isopropylamino-g-triazine

STUDX_NUMBER: ABR-87087

SPONSQR: CIBA-GEIGY Corp., Agricultural Division, P.O. Box 18300
Grsensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

IESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greensboro, NC 27419

_‘M-

SRI International, 333 Ravenswood Ave., Menlo
P:xr:. CA 94025 (Study Ko. 1LSC-1469)
Agrisearch Incorporated, 26 Water Street,
Frederick, MD 21701 (Project No. 1271)

TLTLE OF REPORT: Study of delta-l4c-atrazine Dose/Response
Relationship in the Rat (General Metabolisam).

AUTHOR: B. Thede
REPORT ISSUED: October 23, 1987
CONCIUSIONS ¢

The distribution of atrazine in rats wvas found to be dose-
dependent. Of the tissues studied, the red blocd cells stors the
highest levels of atrazine, apparently through the covalent
binding of a metabolite. In rats exposed to a dose of 100 »g/kg
atrazine for 10 days, in decreasing order, the levels found in
the following tissues were: red blood cell, liver, kidney,
ovary, pituitary, brain, pectoral region of the mammaries.
Under the exposure zegimen used in this study, atrazine does not
accumulate in the tissues of the rat, except perhaps for the red

Faniel] FRCQEIERIOY
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blood csll. The pattarn of atrazine tissue distribution found
in this repott was similar that found in male rats eXposed to a
sinilar dosage regimen (MRID No. 404313-09, Study No. ABR-85104).

The distribution of atrazine was reported to follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or t;,;, and the volume of distribution, or Va.,
are independent of e doss of atrazine and (2) the plasma i
concentration of atrazine and/or its metabolites ars directly !
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine oxXposure showed that
the vhole body half-life (t,,;) of atrazine or its metabolites is
38.6 hours (1.61 days) in r(ta. Thesa raported findings further
indicate that atrazine does not accumulate under this exposurae
reqimen in the rat. ‘

Sunmary. The whole body half-life for atrazine is 1.61 days.
The red blood cells store the highest concentration of atrazine
in the rat, apparently ¢through the covalent binding of a
metabolite. Under the dose regimen employed in this study,
atrazine does not accumulate in the rat, except perhazps for the
red bleood cesll.

clasgitication: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment Guidelines, Subdivision P §85-1 have been
satisfied only for reporting the disposition of atrazine In
female rats. However, all of tha data requirements for
metabolism studies set forth in §85-1 have not been reported.
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II. MATERIALS:

A. Tast Cocmpound: Atrazine (2-chloro-4-ethylamino-6-
isopropylaminc-g-triazine)

Dascription: Not proviced in =his SURBRITY report.

Batch $#: §83-08%53-3 .

Purity: 98.8% (expiration date -~ November, 1939}

Radiolabeling procadure:
All carbons in the triazine noliety of atrazine \ are
rapiaced with carbon-14. The specific activity of the
radiolabeled compound (reference CL~IX~77) was 95.8
microCuries/mg in low dose experiments and 1.06
microCuries/ag in the high dose axperinents. The
purity of the radioclabeled test compound was rsported
<o ba 97.9% ascartained by twe different thin-layer
chromatography systeas.

B. Tast Animals:

Spociou Rat (tmi-)

Strain: Sprague-Dawley ¢D

Age: Not provided in this report.

VWeight (mean): 243.29 = 2.7 SE (240-265g)

Scurce: Charles River Breeding Laboratories,
Wilmington, KA
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III. STUDY DESIGN:
A. Animal Assignment:
Animals wers assigned randomly to the following test
groups:
Tabla in
Animal Assignment this Study
(Atrazsine Distribution Experizent)

3 Daily Oral Duration
Test Dose Given Rats -3 4
Group RG/kg) (female) __  FExpogure (davs)
1 Control 0 2 10
2 Lowl (LDT1) 1.0 2 19
3 Midl (MDT1) 3.0 4 10
4 Mid2 (MDT2) 7.0 2 10
S Towl (MDT3) 10.0 ] - 10
6 Mide (MDT4) 5¢6.0 2 10
7 High (HDT1) 10¢.0 2 10

& After the last oral dose was given, ths urinary and fecal

levels of radicactivity wvere measured for 7 days.
Anisals vere individually placed in Retanolism cages for
ths collection of feces and urine. The collection of
metabclits was conducted at SRI international. The

samples wers then shipped to the CIBA-GEIGY laboratory in
Greensboro, NC for analysis. '

Dose Method: The rats were allowed a ono~wesk acclimation
period prior tec initiation of experinentaztion. Atrazine
was given orally (via a stomach tube) to the rats as an
active ingredient or as a radiolabeled active ingredient.
The vehicle was 3% corn starch and 0.5% polysorbate 80
(v/v). The rats were alloved free aCCess to animal feed
(Purina) and tap wvater.
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V. DISCUSSION

The distribution of atrazine in rats vas found to be dose-
dependent. Of the tissues studied, the red blood cells store the
highest levels of atrazine, apparently through the covalent
binding of a metabolite. In rats exposed to & dose of 100 =g/ kg
atrazine for 10 days, in decreasing order, the levels found in
the following tisaues wers: red blood cell, 1liver, kidnay,
ovary, pituitary, brain, pectorsl region of the mammaries.
Under the <xposure regimen used in this study, atrazine does not
accumulate in the tissues of the rat, except perhape for tha red
blood cell. The pattern of atrazine tissue distribution found
in this report was similar that found in male rats exposaead to a
similar dosage resgimen (MRID No. 404313-09, Study Ne. ABR~85104) .

The distribution of atrazine Was reported to follow firse-
order: kinetics. 7Two major relationships are found: (1) the whole
body half-life, oz t1/2, and the voluma of distribution, or Vg4,
ars independent of (ho dose of atrazine and (2) the plasma
concentration of atrazine and/or its metabolites are directly
proportional to the dose of atrazine. Plasma concantrations of
atrazine measured during and after atrazine sxposure showed that
the wholo body half-life (€1/2) of atrazine or its metabolites is
38.6 hours (1.61 days) in réts. These rsported findings further
indicate that atrazine does not accumulate under this eXposure
regimen in the rat.

in the rat, apparently through the covalent binding of a
setabolite. Under the dose rsgimen eEployed in this study,
atrazine does not accuamulate in the rat, except Perhaps for the
red blood cell.

s : Acceptable: This classification is based
on the fact that the methodology requirements establisned in the
Pesticide Assessment Guidelines, subdivision P §85-1 have been
satisfied only for reporting the disposition of atrazine in
femals rats. However, all of the data Sequirements for
metabolism studies set forth in §85-1 have not been rsported.
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Reviewed by: Sanford W. Bigelow, Ph.D. ~ e
Section VI, Toxicology Branch (TS-769C)

Secondary reviewer: Judith W. Hauswirth, ﬂ&.n. MURPTRT D N AT DU,

Section VI, Toxicology Branch (TS-765C) . Wl

ADDENDUM TO THE DATA EVALUATICN REPORT

I. SUMMARY: ,

SIUDY TYPE: Metabolism - rat (85-1)  CASWELL NO: &3
AGCESSION NUMBER: K7D NO,: 404313-06
TEST : Atrazine

SYNONYMS: 2-Chloro-4-ethylamino-6-isopropylaminoc-g-triazine

SIUDY NUMBER: ABR-87115

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.0. Box 18300
Greansboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CISA-GEIGY Corp., Bicchemistry Dept., P.O.
Box 18300 Greenskoro, NC 2741%

TIILE OF REPORT: Chrracterization and Identification of
Atrazine Metabolites From Rat Urine (General
Msetabolism).

AUTEQR: B.J. Miles
REPORT YSSUED: November 17, 1987

CONCLUSIONS:

After furthar review of MRID No. 404313-06 and the data
evaluation rsport on MRID No. 404313~06, it was found that the
major urinary metabelites in the female rat are chlorinated
triazines, not hydroxylated triazines as stated obstensibly in
MRID Nc. 404313-06. The registrant states that the hydroxylated
metabolites of atrazine are artifacts of the procedurs used to
isolate the retabolites. Therefore, the major urinary ’
metabolites of atrazine in female rats reported in MRID No.
404313-06 are:

<] 2-chloro-4-amino-6-isopropylamino-g-triazine (13),

o 2-chloro=4-ethylamino-é6-amino-g-triazine (14), and

o 2=-chloro=4,6~diamino~g~triazine (15%5).




2

The molecular structures of the above atrazine metaboli*ss are
shown in Figure 1 (the numbers in Figure 1 correspond to thosge
associated with the above metabolites). Of the metabolites
listed above; 2-chloro-4,s-diamino-g-triazine (1S) is raported o
be the major urinary metabolite. The identification of the
metabolites above indicates that N-dealkylation is the sajor
metabolic pathway for atrazine in female rats.

: Acceptable: This classification is basad
on the fact that the methodology requirements astablished in the
Festicide Assesszent Guidelines, Subdivision F §85~1 have been
satisfied only for reporting the identity of urinary metabolites
of atrazine in female rats. However, all of the data
requirements for m.tabolism studies set forth in §85-1 have nct
Seen raported, i.e., the urinary and fecal metabolites ef
atrazine in male rats and the fecal metabclites of atrazine in
females must be icentified. ‘

PCl/reports/atrametl.006
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Reviewad by: Sanford W. Bigelow, Ph.D. /y(,)// v 7L

Section VI, Toxicology Branch (T3-7639C) A
Secondary reviewer: Judith W. Hauswirth, Ph.D. M L. /Ua.uwua‘-
Section VI, Toxicolegy Branch (TS-7657%) £/98

DATA EVALUATION REPORT

I. SUMMARY :
SIUDY TYPE: Metabolisa - rat (8s-1) CASWPLL NO: 63 |
ACCESSION NUMBER: N MRID NO,: 404313-06

IEST MATERIAL: Atrazine
SYNONYMS: 2-Chlora-4-cthylanino-s-inopropylnino-g-triazint

STUDY NUMBER: ABR-87115

SPONSOR: CIBA~GEIGY Corp., Agricultural Division, P.0. Box 18300
Greensbore, NC 27419 Thomas Parshley, Reqgqulatory
Specialist (919) 292-7100 X7207

IESTING FAGILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greenskoro, NC 27419

TITLE OF REPORT: Characterization and 1Identification of
Atrazine Metabolites From Rat Urine {General
Metabolism).

AUTHOR: B.J. Miles
REPORT ISSUED: November 17, 1987
SCONCLUSIONS :

The characterization and identification of a nusber of
atrazine metabolites in the female rat was reported in this
study. To this end, two experiments were conducted with the use
of twe groups of rats.

The data reported in this study indicates that
dechlorination of the triazine ring and N-dealkylation are the
major metabolic pathways for atrazine in rats. Oxidation of the
alkyl substituerts of atrazine appears to be a m=minor and
secondary metabolic route.
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The elimination of atrazine in female rats was also Teported
in this study. The urinary route accounted for 47.4% of the
elinination of atrazine and/or its netabolites whereas 49.3% was
eliminated via the fecal rcute. The tissuas contained 5.75% of
the atrazine and/or its metabolites whila the bloed contained the
remaining 1.4%. This pattarn of excretion differs from male or
fexala rats given repeated oral dosss of atrazine, i.s., single
oral exposure results in about 50:50 urinary:fecal excreticn
whezreas repeated oral exposurs results in about about 75:25
urinary:fecal excretion (see MRID Nos. 4043135-0%5 and 40431309
for more details). The amcunt of atrazine and/cr its metabolitas
elininated via exhalation was not reaported. A recovery of
103.78% of the administered radiolabeled atrazine was achieved.
The majority of atrazine and/or its netabolites was reported to
be axcreted via the urine and feces.

Classification: acceptable: This classification is based
on the fact that the methcdology requirements establisked in the
Pesticide Assassment Guidelines, Subdivision » §85-1 hava bkeen
satisfied only for reporting the identity of urinary metabolites
of atrazine in femala rats. However, all of the data
requirements for metabolism studies set forth in §85-1 have not
been zreported, i.e., the urinary and fecal natabolites of
atrazine in male rats and the fecal metabolites of atrazine in
fenales nust be identified.
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IXI. NBATERIALS:

A. ZIagt Coppound: Atrazine (2-chloro-4-~ethylaminc-s-
: isopropylaninc-g-triazine)

Description: Not provided in thie report.

Batch #: Not provided in this report. _

Purity: Not provided in this raport for the

nonradiolabeled compound.

Radiclabeling procedure: o
All carbons in the triazine moiety of atrazine were
replaced with carbon-14. The specific activity of the
radioclabeled compound was 1.0 aicroCuris/ng. The

purity of the radiolakbeled test compound was reported
to ba 2 $7%.

B. Test Animals:
Species: Rat (female)
Strain: Sprague-Dawley
Age: Not provided in this report.

Weight (mean): about 0.2 kg
Source: Harlan Sprague-Dawley, Indianapolis, IN

ITI. STUDY DESIGN:

Animals were assigned randomly to the following tast

groups:
N Table }
Animal Assignment :n this Study
(Atrazine Metabolisa Experiment)
Daily oOral Duration

Test Dose Given Rats of
Group —(Ra/kg) (female) EXposure /dav)
1 High 100.0 s 1
2 Miad 16.2 - 19.6 8 1

a7 after the last oral dose was given, the urinary and fecal
levels of radicactivity were measured for 24 hours.
Animals were individually placed in metabolism cagas for
the collection of urine.
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Dosa Method: The rats were allowed a S-day acclimation
period” prior to initiation of exparinentation. Atrazinas
wvas given orally (via a stomach tube) to the rats as an

. active ingredient or as a radiolabeled zctive ingredient.
" The vehicle was 1% methyl carboxymethyl cellulose and Hi-
. S511-233 brand of powdered silica used to suspend the

atrazine in solution. The rrts were allowed free access to
animal feed (Purina) and deionized wvater.

- Statlgticas:

No statistical procadures were used in this study.

" Quality Assurance:

A signed quality assurance statsment wvas provided by
a quality assurance inspector from the registrant, the
laboratory where the metabolism of radiolabeled atrazine
was studied. According +o the statement, the Gocd
Laboratory Practice methods were followed in this study.
However, this netabolisa study was reported not meet the

Good Laboratory Practices Requirements of 40 CFR Part 160
because:

(1) "A complete set of biological phasa SOPs have not
been established.

(2) There was no QA inspaction of the stidy becaure

the QAU was not a fully tunctional unit at the
time the study was conducted.

(3) Thers was no QA audit of the final report ABR-
87115.%

292
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METBEODG

¢ The frequency of clinical cbservatiocns nade
on these ratas was not provided in this UBRAry repcert.

H There were no

. treatment-related deaths raportaed in this study.

] : This experiment was conducted to
identify the atrazine metabolitas in two groups of ratcs.

Az shown in Table 1, one group of female rats was
given a single dose of atrazine in an effort to produce

- sufficient levels of urinary metabolitas of atrazine for

identification. Pive adult femels Spraguc-?avley rats
(about 0.2 kg) wera administered 100 ng/kg l4c-atrazine.

‘Samples of urine and feces were obtained at 24, 48, and 72

hours. After taking samples for 72 hours, the rats were
sacrificed and 5 ml of blood and the liver vere obtained.

In another group of animals, 8 rats were given a
single oral exposure of 16.18 - 19.64 ng/kg l4c-atrazine.
Urinary metabolites were collected over & 24-hour pericd
following treatment. The metabolites of atrazine were
isolated and identified by the following series of

analytical chemistry stepa:

(1) charcoal cleanup,
(2) Ci1s Bond-Elut separaticn,
(3) Aminex A-4 cation exchange column chromatography,

(4) Aminex A-25 anion exchange column chromatography
or PRP-1 (reverse-phase) HPLC, and finally

(S) confirmation by comparing to the inZrared spectra
and mass spectra of authentic synthesized
standards. '
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RESULTS:
: -

To ex2eine the nmetabolism of atrazine in_rats, 100

" mg/kg of léc-atrazine vas given to rats and the l4c-labeled

metabolites were isolated and ident.fied. a rscovery of
103.78% of the tctal radicactivity was achieved. The
urinary route ac .:auffnd for 47.3% of the elimination
whersas 49.3% of tine +4C-label was clininatsg via the fecal
route. The tissues contained 5.75% of the i%C-label while

- the blood contg}ncd the remaining 1.4% of the 14c-label.

‘The amount of
reported.

C-label eliminated via exhalation was not

The =molacular structures of the urinary metabolites

- obtainad frem the firet group rats were unattainable, so a

second group of 8 rats were given 16.18-19.64 ag/kg léc-
atrazine. The netabolites wers collected within the 0 to
24 hour time period after exposure. The urine was freeze
dried. Metabolites weres then dissolved in a small amount
of wvater that was acidified with HC1 to pH 3.0 and
separated with an amino acid analyzer (to detect the amineo
acid residues of glutathicne) coupled with a cation
exchange column.

A total of 19 radiocactive pssks were detected, three

bot which were identified as natabolites by comparison of

the infrared and mass gpectra. The identity of two other
metabolites was postulated based on additional nmass
spectral information. The molecular structu_es of some of
ths atrazine mevabolites are shown in Prigqure 1 and the
numbars in this figure correspond to the metabolites
discussed in the text. Only four of these metabolites wvere
idontit_icd an:et’nrn reported, they were:

o 2-hydroxy-atrazine (7),
4’2

-] 2=k -4-aninc-s—1sopropy1uino-g-triaz ine (9),

-] 2=~ =4~-ethylamino-é-aminoc-g-triazine (14),
an

) 2-hydroXy-4,6-diamino-g-triazine (3).

The identification of the four metabolites above indicates
that dechlorination of the “riazine ring and N-dealkylation
are the major metabolic pathways for atrazine in rats.
Because severzl other minor metabolitss that possess omega-
carboxyl moieties were identified (5, 10, 11, 12),
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oxidation of the terminal methyl aoleties in the alkyl
substifuents appears to bs a minor and secondary netabolic
route. :

. : . ’ . ne.

The author of ¢this study offers the results of a
published study on atrazine metabolism performed by

- Dautarman and Muecke (1974.

4:212-219) in an effort to account for the

- covalent binding of atrazine in RECs.

' The mnethod published by Dauterman and Huecke is
reportad as the following steps. Radiolabeled atrazine was

" incubatad with iat liver microsomes with or without the

addition of the matabolic cofactors, glutathione and NADPH.
Six metabolites were identified by chromatography against
synthetic standards. The results corroborats the findings
in the in vivo experiment that N-deslkylation is the najor

‘metabolic pathway. Also, the isopropyl unolety is

hydrolyzed more easily than the ethyl gubstituent.
Conjugation with glutathione was found to occur with most
of the atrazine metabolites previocusly discussed when

. cytosolic cell fractions were included in the in yvitro

reactions.

covalent binding in RBCS. The author argues that the
glutathione-containing metabolites of atrazine may be
catalyzed by a “carbon-sulfur lyase,” an anzyme that
cleaves the glutathione residue and leaves a thiel group on
the atrazine metadolite. However, the author has not
presanted evidence whether lyase is pregent in red bioed
cells.
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V. m:

The characterization and identification of a number of
atrazine mstabelites in the female rat vas csported in this

study.. - To this end, two experizents were conducted with the use
of two groups of rats. .

~The data reported in this study indicates that
dechlorination of the *riazine ring and N-dealkylation ars the
major metabolic pathways for atrazine in rats. oOxidation of the
alkyl substituents of atrazine sppears to ba & wminer ang
secondary metabolic routs.

The elimination of atrazine in female rats was also rsported
in this study. The urinary route accounted for 47.4% of the
elimination of atrazine and/or its metabolites wheress 49.3% vas
aliminated via the facal route. The tissues contained S.75% of
the atrazine and/or its metabolites while the blood contained the
remaining 1.4%. This pattern of excretion differs from male or
female rats given repeated oral doses of atrazine, i.e., single
oral exposure results in about 50:%0 urinary:fecal excretion
wherezs repeated oral exposure results in about about 73:2s
urinary:fecal excretion (see MRID Nos. 404313-05 asnd 404313-09
for more details). The amount of atrazine and/or its metabolites
eliminated via exhalation was not reported. A recovery
103.78% of the administered radiclabeled atrazine vas achieved.

The majority of atrazine and/or its metadolites was reported to
be excreted via the urine and feces. ‘

] : Acceptable: This classification is based
on the fact that the Rethodology requirements established in the
Pesticide Assessment Guidelines, subdivision r §85-1 have been
satisfied only for reporting the identity of urinary metabolitas
of atrazine in female rats. Howvever, all of ths data
requirements for metabolism studies set forth in §85-1 have not
been reportad, i.e., the urinary and fecal metabolites of

atrazine in male rats and the fascal metaboliteas of atrazine in
females must be identified.

PCl/reports/atrametb.006§
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Reviewed by: Sanford W. Bigelow, Ph.D. /& & / Jj/"{./}?

Section VI, Texicology Branch {TS=-769C)
Secondary reviewer: Judith W. Hauswirth, Ph.D. ) poib b)) decowiet~

Section VI, Toxicology Branch (TS~769C)
o 7l9/e8
DATA EVALUATICN REBORT
I.  sooeRy:
STUDY TYPE: Metabolism - rat (85-1) CASWELL KQ: 63
ACCESSION NUMBER: ERID NO.: 404313-09

TEST MATERIAL: Atrazine
Smma 2-Chlorc-&-asthylmna-6~iacprapylmino-g-triazino

STUDY NUMBER: ABR-85104

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, Pp.O. Box 10300
Greensboro, NC 27429 Thomes Parshley, Regulatory
Specialist (919) 2927100 X7207 :

IESTING FACILITY: CIBA~GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greensboro, NC 2741% ~

TITLE OF REPORT: Metabolisa of léc-atrazine in Orally Dosed
Rats (General Metakolism) . ‘

AUTHOR: B.J. Simoneaux

REPORT ISSUED: December 6, 198S
CONCIUSIONS:

This zeport is a balanca study of the disposition of
atrazine in male rats repeatedly orally exposed to this agent.
Atrazine appears to be rapidly excreted in the rat under these
exposure conditions. About 95% of the administered dose is
elininated within 18 days after the last atrazine axposure. The
urinary route accounted for about 70% of the elimination whereas
about 25% was eliminated via the fecal route. The RBCs store the
highest levels followed by the liver, kidney and brain. Under
these exposure conditions, atrazine does not accumulate in the
rat. The total recovery of adminiztered radiclabeled atrazine
for the high and low dose groups was 93.4% and 103.9%,
respectively.
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Atrazine appears to be rapidly excreted in the rat under
these exposufe conditions. About 95% of the adninistersed dose is
eliminated within 18 days after the last atrazine exposure. For
the low and high dose groups of rats, respactively, the urinary
route accounted for 72.7% and 67.2% of the elimination whila
27.8% and 23.9% of tha atrazine and/or its netabolites were
eliminated via the fecal route. Elimination of atrazine and/ozr
its metabolites by way of exhalation wvas not monitored or
reported.

The tissues contained the remaining amount of the atrazine
and/or its metabolites. The peak tissue -avels in the low dose
group occurred at 10 days whereas :he Peak luvels in the high
dose group was reported at 8 days. The highest tissue levels in
the low dose group (0.1 »g/rat) ware fou: ¢ at 10 days in the RBC
followed by livar, kidney and brain. In dscresasing order, the
highest tissue levels of atrazine in the high dese group of rats
(1.0 mg/rat) at 8 days weres: R3C, liver, xidray and brain. In
general, 10 days after the last dose of atrazine (at the 1g-day
sacrifice), the RBCs, liver, kidney and brain had minima) levels
(about 1%) of atrazine and/sr its satabolites « Under
these exposure conditions, atrazins Goes not accumtlata in these
tissues in rats rspeatediy exposed tc atrazine. The pattern of
atrazine tissue distribution found in this report was similar
that found in female rats exposed to a sinilar dosage regimen
(MRID No. 404313-0S, Study No. ABR~-87087) .,

Classification: Acceptable: This claseification is based
on the fact that the methodology rajquirements established in ths
Pesticide Assessment Guidelines, Subdivision F §85-1 have been
satisfied only for reporting the distribution and axceretion of
atrazine in male rats. However, all of the data requirements fcr

metabolism studies sst forth in §85-1 have not been reported.




Ix.

506937
006718

Description: Atrazine

Batch #: Not regorted in this study

Purity: Not provided in this summary report for the

nonradiolabeled compound.

Radiclabeling procedure:
All carbens in the triazine moiety of atrazine were
replaced with carbon~14. The specific activity of the
radiolabeled compound weras 13.5 microCuries/mg and 12.9
microCuries/mg for the 1low and high dose groups,
respectively. The purity o¢f the radiolabeled test
compound was reported to be > 97.5% ascartained by a
thin-layer chromatography syste=m.

Test Animals:

Species: Rat (male)

Strain: Harlan Sprague-Dawley
Age: Not provided in this report.
Weight (mean): 250g

Source: Harlan Madison, WI

301



IIX. SIUDY DE3IGN:

groups:

006937

006718

Animals were assigned randomrly to the following test

Table 1
Animal Assigmment in this Study
(Atrazine Mstadolism Experiment)

Daily Oral Day Curation
Test Dose Givan® Rats ot of
Group —(mg/kg) f
2 Low 0.4 3 S 4
Low 0.4 3 7 7
Low 0.4 3 9 7
Low 0.4 3 10 7
Low 0.4 3 14 7
—lQW 0.4 3 18 2
3 High 4.0 3 ] 4
High 4.0 3 7 7
High 4.0 3 9 7
High 4.0 3 10 7
High 4.0 3 14 7
High 4.0 3 18 7
3 After the last oral dose was given, the ur and fecal
levels of radicactivity were measursd at 24-hour

intervals in the group of rats

exposed
Animals werse individually placed in zetabol

the collection of feces ana urine.
group.

for 18 days.

ism cages for

WS no control

H Atrazine was given orally (via a stomach

Dose Method
tubs) to the rats as a radiolabeled active

ant.

The

250 g rats vere given 0.1 mg/rat (low dose) or 1.0 Bg/rat
(high dose). The vehicle was in the aqueocus Carbowax-200
(PEG 200) formulation (0.3 ml ethanol:0.2 ml water:0.5 =l
PEG 200). The rats were allowsd free access tc animal feed

and tap water.
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006937
00é&718

w:
The following procedurs was utilized in analyzing the
numerical data:

The  SOP methed of Welf and Sumner, A\G-276,
"Statistical methcds in the measurement of radioic\;ivity'

wera used to calculate ppa~equivalents of the 14c-label
cbtained from the rats. _ :

Quality Assurance:

A signed quality assurance statement was provided by
a quality assurance inspector frem the registrant, the
laboratory where the mnetabolism of radiolabeled atrazine
was studied. According to the statement, the Geod
Laboratory Practice methods were followed in this study.

(A
S
o>



00¢715

Qhosrvationg: The frequency of clinical cbsezvations made
on these rats was not provided in this study.

Toxicitv/mortality (survival) - regultg: There wars ne
trsatnent-ralated deaths raported in this study.

1: The broccduzc wag conducted to
assess the metabolism of atrazine.

Three male rats in each group were repeatedly dosed
and th.-: sacrificed S5, 7, 9, 10, 14, and 18 days aftar
dosing .as initiated (for details, see Tabls 1)« Urine and
feces wers collaectad for analyocis from the rats axposed for
the 18-day period. The rats were -acriz;lcﬁ and the
roilcvinq selected tissues were analyzed for C content
(Figure 1).
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006718
7
PIGURE 1
Tongue | | Aortas |1X | Braine,3
Salivary glands*t | | Heart+§ i | Peripheral nervert -
Esophaguse | | Bone marrow*# | | Spinal cord {3 lavels)*s
Stomach# | | Lyeph nodes?* | | Pituitarye
Duodenun* | | Spleeng | | Eyes (optic n.)e*#
Jejunum» | | Thymus*
|X | Rad bloed cell Glandulsr
Ileun» | | Adrenal glands»
Cecum# |X | Kidneys*+9 | . | Exorbital lacrimal gland¢
Colonw " | Bladderw | | Mammary glande¢
Ractum#* | | Testame*g | | Parathyrcidsatt
Liver »*@ | | Epididymides | | Thyroidss**
Gall bladder+*$ | | Prostate
Pancreas* | | Seaminal vesicle| | Bone {femur) »4
| | ovariesws*g IX | Musclevse
Tracheat$ | | Uterus=¢ | | Skineg
Lunge*¢ | | Cervix | | All gross lesions
Nose~ | | Pallcpian tubes and nasgses®
Pharynx~ IX | Residual Carcassé
Larynx» 1X | Pate

I1X | Plasma (blood)e

Required for subchronic and chronic studies.

Required for chronic inhalation.

In subchronic studies, examined and Preserved only 1if indicated
signs of toxicity or target organ involvement.

Organ weight required in subchronic and chronic studies.

Organ weight requirsd for non-rodent studies.

Required for determining distribution in metabolism studies.

(FIFRA Subdivision P test guidelines §85-1 (@) (3) (1) require

th

at, in addition to the tissues listed in Pigure 1 above, the

levels of atrazine or its metabolites shall be measured in the

te

stes, heart, lung, spleen and uterus.)
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B. mxmun_qx_um

To examine the metaboliga of atnzirﬁ in rats, twe

deses waera employed, O.t and 4.0 wg/kg of C-atrazine was
given to rats and the ¢c-label was neasured in selactad
tissues and in & rats exposed for 18-days, urinary and
fecal levels of l4c-label vere monitored, A recovery of
103.9% and 93.4% was found for the low and high doze
groups, respectively. For the low and high dose groups,
respectively, the urinary route accounted for 72.74% and
§7.2% of the elimination whereas 27.79% and 23.92% of the
l4c-1abel was eliminatea via the fecal route. The author
reports that about 9%5% of the administered dose is
elininatad within 48 hours after the last eXposure.

The tissues contained the remainder of the l4c-1ane1
(Tables 2 and 3). The highest tissue levels in the low
dese group (0.1 ag/rat) were found at 10 days in the RBC
(1.95 ppm) followed by liver (1.10 ppm), kidney (0.74 Pp®m)
and brain (0.38 ppm) nﬁ are listed in Table 2. The
highest tissue levels of C-label, in decreasing order, in
the high dose grecup of rats at 8 days were found as such:
RBC (21.66 ppm), liver (6.40 ppm), kidney (5.28 ppm) and
brain (2.48 ppm). In genexazl, 10 days after the last dose
of l4c-atrazine (at the 18-day sacrifice), the nm!‘ liver,
kidney and brain had minimal levels (about 1%) of C-label
remaining. The remaining tissues had lower levels of léc-
label at 8 or 10 days and lower levels remaining at 1s
days. The peak tissue levels in the low dose group
occurred at 10 day whereas the Peak levels in the high dose
group was reported at 8 days.

As- percentage of administered dose (Table 3), the
nuscle had the highest 1levels followed by the liver and
RBC. Percentage of tissue levels wvers highest in those
rats sacrificed 4 days after initial atrazine exXposure
(Table 3).
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| 11
VI. DISCUSSIQN

This report is a balance study of the diapoxition of
atrazine in male rats Tepeatedly orally exposed to zhix agent.
Atrazine appears to be rapidly excreted in the rat under these
exposure conditions. About 95% of the adninistered doss is
@liminated within 1s days after the last atrazzine exposure. The
urinary route saccounted for about 70% of the elimination vherseas
about 25% was eliminated via the fecal routa. The RECs store the
highest lavels followed by the liver, kidrey and brain. Under
these axposure conditions, atrazine does not accumulate in the
rat. . The total recovery of administered radiolabeled atrazine
for the high and 1low dose groups was 93.4% and 103.9%,

Atrazine appears to be rapidly excreted in the rat under
these exposura conditions. About 95% of the administersd dose ig
eliminated within 1g days after the last atrazine exposure. Por
the low and high dose groups of ratas, respectively, the urinary
route accounted for 72.7% and 67.2% of the elimination while
27.8% and 23.9% of the atrazine and/or its netabolites were
eliminated via thae fecal route. Elimination of atrazine and/or
its metabolites by wvay of exhalation was not monitored or
reported.

The tissues contained the remaining amount of the atrzzine
and/or its metabolites. The peak tissue levels in the low dose
group occurred at 10 days whereas the Peak levels in the high
dose group was reported at 8 days. The highest tissue levels in
the low dose Jroup (0.1 mg/rat) wers found at 10 days in the RBC
followed by liver, kidney and brain. In decreasing order, the
highest tissue levels of atrazine in the high dose group of rats
(1.0 mg/rat) at s days were: RBC, liver, kidnay and brain. 1n
general, 10 days after the last dose of atrazine (at the ls-day
sacrifice), the RBCs, liver, kidney and brain haa ainimal lewvels
(about 1%) of atrazine and/or its metabolitas remaining. Under
these exposure conditions, atrazine dceg not accumulate in these
tissues in ratsg Tepeatedly exposed to atrazine. The pattern of
atrazine tissue distribution found in this report wvas similar
that found in female rats exposed to 2 similar dosage regimen
(MRID Neo. 404313-0s, Study No. ABR-87087) .

Classification: Acceptable: This classification ig based
on the fact that the methodology Tequirements established in the
Pesticide Assessment Guidelines, Subdivigion P ggs-1 have been
satisfied only for Teporting the distribution and excretion of
atrazine in male rats. Hovaver, all of the data requirements for
matabolisam studiss sat forth in 285-1 have not beean reported.

PCl/reports/atrametb.gos 309
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Reviewed by: Sanford W. Bigelow, Ph.D. \f; .
Section VI, Toxicology Branch (TS-765C) 4{
Secondary reviewer: Judith W. Hauswirth, DBt &' Acieiant ™ oo
Secticn VI, Toxicology Branch (TS~769C) / r LS

L J w ! . ®

ADDENDUM TO THE DATA EVALUATION REPORT

I. - SUMMARY:

STUDY TYPE: Metabolism ~ rat (85-1) CASWELL NO: 63
ACCESSION NUMBER: HBIQ.HQ&é 404375-01

IEST MATERIAL: Atrazine
§ngﬁxn§: 2-Chloro-4-ethylamino-é~isopropylamino-g-triazine

STUDY NUMBER: ABR-87116

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.0. Box 18300
Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GEIGY Corp., Biochenmistry Dept., P.O.
Box 18300 Greensbore, NC 27419

TITLE OF REPORT: A Summary of the Dispos:tion, Kinetics and
Metabolism of Atrazine in the Rat {(Generzl

Metabclism).
AUTHOR: G.R. Orr
REPORT ISSUED: November 17, 1987
CONCLUSIONS :

After further review of MRID No. 404375-01 and the data
evaluation report on MRID No. 404375-01, it was found that the
major urinary metabolites in the female rat are chlorinated
triazines, not hydroxylated triazines as stated superficially in
MRID No. 404375-01. The registrant states that the hydroxylated
metabolites of atrazine are artifacts of the procedure used to
isolate the metabolites. The major urinary metabolite of
atrazine in female rats reported in MRID No. 404375-01 is
2-chloro=-4,6-diamino~g-triazine (15). The molecular structure of
this atrazine metabolite is shown in Figure 1 (the number in
Figure 1 correspond to number '15' with the above metabolitec) .
The identification of the metabolites above indicates that N-
dealkylation is the majcr metabolic pathway for atrazine in
female rats.
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: Acceptable: This classification is based
on the fact that the methocdology requirements established in the
Pesticide Assessment Guidelines, Subdivision F §85-1 have been
satisfied orly for reporting (1) the identity of urinary
metabolices of atrazine in female rats ss well as (2) the
distribution an¢ excretion of atrazine in male and femzle rzts.
However, all of the data requirements for metabolisnm studies set
forth in Subdivision F §85-1 have not been rapcrted, i.e., (a)
the urinary and fescal metabolites of atrazine in male rats and
(b) the fecal metabolites of atrazine in females must be
identified to satisfy complestely tha §85~-1 data repoerting
requirements for the metabolism of atrazine in the rat.

PCl/reports/atrametl.003
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SUBJECT:V Atrazine Registration Standard: Mutagenicity Testing
. Requirement
‘ 27 et
FROM: . . Kerry L. Dearfield, Ph.D. /szl_f PR N AN
. Geneticist ‘ !/;.‘ /{ 5¢;4“1ff
Science Support Section e
Sciencea Analysis and Coordination Branch
Healtn EZfects Division (TS-76%C)
TO: Marion Copley, D.V.M.
Acting Sectioa Chief
. Section 2

Toxicology Branch I - IRS
Health Effects Division (TS-769¢C)

THRU: John Quest, ?h.D. /ﬁ@;d‘ /R- 748
Chief
o Science Support Section
' Science Analysis and Coordination Branch

Health Effects Division (T$-769C)

g /2-/,57;(

Atrazine CAS No. 1812-24-9 Tox. Chem. No. 63
I. Background

As of my previous memc to you dated Aug 19, 1988, Ciba-Geigy
had not fulfilled the minimum requirements for mutagenicity
testing as required by the OPP. Ths only acceptable tests that
had been submitted fulfilled only one of the three mutagenicity -
testing categories, i.e. gensa mutations (e.g. acceptable
Salmonellia assay). The two other categories had not been
fulfilled, i.e. structural chromosome aberrations and other
geriotoxic effects. In a subsequent submission from Ciba-Geigy,
an acceptable mouse micronucleus test (MRID # 407223-01) was
reported and minimally fulfilled the structural chromosone
aberration category. A recent Ciba-Geigy letter (dated June 29,
1988) mentioned that a UDS assay in rat hepatocytes they
performed was earlier considered acceptable; however, upon
rereview, it was downgraded to unacceptable for reasons outlined
in a memo dated April 26. 1988 from this reviewer to Robert
Taylor. Therefore, one mutagenicity category (other genotoxic
effects) remains unfulfilled for registration purposes.
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The submitted negative mouse micronucleus assay would ncw
minimally fulfill the structural chromosome aberration category.
However, it may still not alleviate our concern about atrazine's
potential genotoxicity in wvivo. A published report (Adler,
Mutat. Res. 74: 77-93, 1980) suggested that atrazine induced a
positive increase in aberrations at a dose of 2000 mg/kg by oral
gavage in clive oil. The subritted micronucleus test, although
found negative, tested to a similar level of 2250 mg/ka by oral
gavage in CMC. In another Ciba-Geigy submission in «hich Dr.
David Brusick performs an assessment on atrazine ({dated
Cecember, 1987), Brusick makes several points relevant here: the
micronucleus assay would not totally offset the reported positive
bone marrow metaphase assay because (a) the metaphase assay is
generally considered to be more sensitive, and (b) the negative
assays were performed at roughly equivalent dose levels. Alse,
vehicle effects may influence the results. The positive study
used olive o0il and the negative study used CMC. Brusick again
points out that a closer inspection of olive oil studies would be
valuable and that the bicavailability of atrazine from CMC might
be investigated. Owverall, it would have been useful to rapeat
the published study to address the possible concern for atrazine
mutagenicity. Additional testing for dominant lethal effacts,
effects by plant metabolites and possibiy aneuploidy was also
recommended in the April 26, 1988 memo.

II. Recent ccmmunication from Adler on published paper

This reviewer has been in contact with the author of the
Adler paper published in Mutation Research. Dr. Adler has sent
to OPP the summarized Progress rReports of the atrazine work
performed by her and her colleagues. These include summary
tables of their data for our evaluation. Summarized progress
reports of four studies submitted by Dr. Adler included 1)
induction of dominant lethals in male mice, 2) spot test for
somatic mutations in mice, 3) chromatid aberrations in movse bone
marrow, and 4) micronuclei in polychromatic erythrocytes orf mouse
bone marrow. The first three studies are reported positive by
the investigators and the micronucleus test negative. It should
be noted that raw data and complete protocols were not provided
and that Dr. Adler plans to publish this information in 1989%.
While each of these studies individually would not be classified
as acceptable to satisfy the different categories for
mutagenicity testing (e.g. incomplete protocols; no report of
positive controls; use of only one sex in the mnmicronucleus
assay), the data provide enough information to elicit 2 concern
for a possible mutagenicity concern for atrazine. It is the
responsibility of the Agency to be aware of such concerns and
address them. That was the intention of the April 26, 1988 memo
from this reviewer to Robert Taylor when it stated that tke
reported pesitive published studies should ke examined in more
detail. The registrant should address these concerns with
acceptable submitted studies.
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Atrazine was examined for dominant lethal effects in hybrid
male (1l01xC3H)F; mice (investigators were U.H. Ehling and J.
Kratochvilova). ~ Male mics were exposed to atrazine at a dose of
2000 mg/kg by oral intubation in olive oil. This dose was lethal
to 14% of the exposed nmice. Males were mated to females for up
to 48 days post-treatment in 4 day mating intervals (new females
every 4 days). There was a low frequency of fertile matings in
the first mating period (38.6% compared to 96% frsquency for the
control) . Howaver, once pregnant, females appearad to have a
comparable number of corpora lutea and implants as the controls.
There was a slight increase in dominant lethal mutations in the
first 3 mating periods (i.e. first 12 days mating post-treatment)
as evidenced by an increase in the percent dead implants over
controls.

A spot test was parformed to examine for presumed somatic
nutations in mice (investigator was A. Neuhauser-Kliaus). Embryos
waere treated in utero with atrazine on the ninth day after
conception by orazl administration to <the mothers. Three
experiments were reported. The original experiment administered
atrazine in olive oil at single doses of 600, 800, 1000 and 1250
mng/kg. Offspring wers exanined for color spots at 2-3 weeks
after birth and then again at 3-4 weeks. Toxicity was seen as an
increase in sterile females up to 800 mg/kg. Higher doses killed
some females (precise numbers not provided). However, litter
sizes at weaning were not influenced. No evidence in an increase
of color spots was evident after atrazine administration up to
80C mg/kg in olive oil (no data at higher dosing;. Atrazine was
orally administered in corn oil with 0.2% tocopherclacetate at
600 mg/kg in the remaining two experimenta. Other conditions
appeared similar to the original experiment. In one of these
experiments, atrazine increased the number of color spots over
control in a statistically significant manner (p=0.031), whereas
in the other experiment, there was an increase, but was not
statistically significant (p=0.061). The investigator examined
the results in all three experimenta and found they were
homogenous within control and within experimental groups.
Therefore, the data were pooled and a statistically significant
difference baetween controls and treated groups was found
(p=0.007). The author concluded that 600 mg/kg atrazine induced
spots when suspended in oil. Only spots of genetic relevance
were analyzed (i.e. white mid-ventral spots not included). Wwhile
these data do not impact on heritable risk, they suggest there
may be a concern for somatic mutations and perhaps for
reproductive/developmental effects.

Two in vive cytogenetic studies ws.« Jerformed with atrazine
{(investigators were U. Kliesch ard I.-0. Adler). Abarrations and
micronuclei were assayed in bcone marrow from hybrid (101xC3H)F;
male mice after oral administraticn of atrazine. The aberration
study is the one mentioned above (Part I). A single oral dose of

3
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atrazine at 2000 mg/kg ir. olive oil was given to 8 animals. Bone
marrow was obtained 24 hours after <treatment and 125
mitoses/animal scored. An average aberration frequency increase
of 4.1% vs. 0.7% for controls was found. Only deletions of the
chromatid type were reported. In the micronucleus experiment, a
single orzl) dose of atrazine at 100, 500 or 1000 mg/kg in DMSO
was given to 4 animais/dose/sacrifice time. Bone marrow was
obtained at 24, 48, 72, 96 and 120 hours after treatment and 2000
polychromatic erythrocytes/animal were scorad. Negative results
wera obtained. In this same report, an additional data entry
appears to show that atrazine was also tested in the micronucleus
test at a single dose cf 2000 mg/kg in olive oil and bone marrow
obtained 24 hours after treatment. These resgults were also
negative. The negative micronucleus results appear consistent
with the registrant's own micronucleus test rasults performed in
a different mouse strain (MRID #407223-01).

III. Requirements for Registration Standard

As far as minimal requirements for mutagenicity testing is
concerned, tha category for othar genotoxic effects has not been
fulfilled. This is a data gap that should ba addressed in the
Registration Standard. Tests that may be appropriate here may
examine for aneuploidy and/or the impact of plant metabolism.
Since these are not routine tests, the selection of what test(s)
to perform for this category should be discussed with the OPP.

The results from the dominant 1lethal assay suggest that
there may be a concern for heritable risk from atrazine exposure.
The reduced fertility frequency indica:es that there is exposure
to the germ cells in the exposed males. The slight increase in
dominant lethal erffzcts suggests that there may be genetic
alterations that could be transmissible. It should be noted that
since the results are not overwhelmingly positive, the results
alone do not suggest a very high priority concern for heritable
risk. However, atrazine warrants further examination due to the
potential exposure to humans. Atrazine is among the most
commonly occurring pesticides in ground water. It is also found
in surface waters. The high frequency of atrazine detection in
ground water is related to its high volume of use. More pounds
of atrazine active ingredient are applied in the United States
annually than any other pesticide (with the possible exception of
alachlor). 1In addition, for applicator exposures, there are many
instances where the margins of safety and margins of exposure are
considered to be of toxicological concern. With this high
potential for human exposure, the Agency should deal with any
concern for potential health effects, heritable risks included.

Ciba-Geigy has also performed a dominant lethal test in mice
{Document #005833). However, this assay was considered
unacceptable despite the collection of additional information
concerning this dominant lethal assay. It should be noted that

4
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this endpoint was a concern as Adler (1980) reported a positive
effect in this assay (discussed above). The Agency wouls like to
see this result addressed. Brusick states in his review that the
positive effects were found at a higher dose level thau that of
the submitted dominant lethal study and since there were no other
confounding factors, the positive results are accepted in hisg
analysis. Again, it should be mentiocned that vehicla aflects
may play a role here (the positive study used olive oi1l, the
negative study used CMC).

It is suggested for the Registration Standard that an
acceptable dominant lethal asgay with male mice be perforued with
atrazine active ingredient. Since it is the Iintertion to
reproduce the published study's results, it is highly recummended
that the registrant discuss with the OPP the protococl(s) for
which to perform this test (e.g. selaction of doses, cose range,
vehicle, animal strains). This test should be able to be
completed and reported to the OFPP within a one vear tinme period.
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Reviewed by: Sanford W. Bigelov, Ph.D. /{’?'/7/ /688
Section VI, Toxicology Branch (TS=769¢) ~ /

Secondary reviewer: Judith w. Hauswirth, ph.D. ' -
Section VI, Toxicology Branch (TS~769¢C) ?.M mlqm/g riche

DATA EVAIUATION REPCRT

I. SUMMARY :
SIUDY TYPE: Metabolism - rat (85-1) CASNELL NO: 63
ACCESSION NUMBER: MRID NO.: 404375-01

IEST MATERIAL: Atrazire

SYNONYMS: 2-Chloro-4-cthyluino-s-icopropyluino-g-trhzinc

SIUDY NUMPER: ABR-87116

SPONSOR: CIBA-GEIGY Cozrp., Agricultural Division, P.0. Box 18300
Greensboro, NC 27419 Thozas Parshley, Regulatory
Specialist (919) 292-7100 Xx7207

IESTING PACILITY: CIBA-GEIGY cCorp., Biochemistry Dept., Pp.o.
Box 18300 Greensboro, NC 27419

w: A Summary of the Disposition Kinetics and
Netabolism of Atrazine in the Rat (Cenemrs

Metabolism).
AUTHOR: G.R. orr
REPORT ISSUED: November 17, 1987
SONCLUSIONS:
The data regarding the distribution, Retabolisa and
the .lilffl—:-i..ré%t atrazine were provided in this report. 7o

this end, three Séparzte experiments wers conducted with the use
of three groups of rats. Radiolabeled atrazine (triazine ring,
uniforml labeled) was used by the author to Beasure the
disposit of atrazine and/or its Retabolites in the rat. The
first experiment was perforned toc assess the distribution and
elimination of atrazine in male and female rats repeatedly
exposed to daily doses of atrazine. The second experiment was
performed to assess in further detail the distribution of
atrazine in female rats, especially in the red blood cell. The
third experiment was conducted ¢to identify the urinary
netabolites of atrazine formed by the femaie rat. The
absorption of atrazine in male or female rats vas not rsported.
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adninilt-red.orany is excreted within 7 days after cessation of
eXposure. The route of atrazine excretion wvas Teported to he
independent of the dose and sex of rat, About 78% of the
atrazine is excreted through the urinary route whereas about 20%
of the atrazine is eliminated in the feces. The elimination
route for the ramaining S% was not Teported. Alsc, the level of
atrazine elimination by exhalation or through the skin (sveating)
was not reported.

+ The data reported in this study
indicates that dechlorination of the triazine ring ang N=
dealkyiation are the major metabolic Pathvays for atrazine ia
rats. oOxidation of the alkyl substituents of atrazine appears to
be a minor and secondary metabolic route. :

The author argues that a "carbon-sul fur lysse,” cleaves the
glutathione residue from an atrazine metabolite to produce a
'chiol-containing atrazine metabolite. The author further posits
that the action of the lyase results in the covalent binding of
the thiol-conuininq atrazine metabolite to hemoglobin in the
red blood cell, a finding from the multiple expesure studies
(depicted in Table 7). However, the author has not provided
evidence in this study wvhether lyase is Present in red blood
Cells.

SUNmAry. The vhole body half-life of 1.61 days for atrazine is
consistent with the cbservation that 9sg of the administered dose
is elimination within 7 days after eXposure. The rad cells store
the highest concentration of atrazine in the rat, apparently
through the covalent binding of a metabolite. Under the dose
regimen eamployed in this study, atrazine does not accumulate in
the rat.

Slassification: Acceptable: This classification is based
on the fact that the methodology requirements astablished in the
Pesticide Assessment Guidelines, Subdivision r ggs-3 have Deen
satisfied only for reporting (1) the identity of urinary
metabolites of atrazine in female rats ag vell as (2) the
distribution and excretion of atrazine in male and female rats.
Hovever, all of the data requirements for Retabolisa studies set
forth in Subdivision P §85-1 have not been reported, i.e., (a)

(b) the fecal netabolites of atrazine in famales nmust be

identified to Completely satisfy the §8s-3 data reporting
requirements for the metabolism of atrazine in the rat. '
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N Table fn
sigument this s
(Atrazine Distribution Experisent)
Daily Oral Duration
Test Dose Given Rats of
1 Control 0 | 10
2 Lowl (LDT1) 1.0 2 10
3 Low2 (LDT2) 3.0 2 10
4 Low3 (LDT2) 7.0 2 10
3 Lows¢ (LDT4) 10.0 2 l0
6§ Mid1 (MDT1) %0.0 2 10
7 Bigh (BDT1) 160.0 2 10
N Table :n
Assignment this study
(Atrazine Metabolism Experiment)
Daily oral Duration
Test Dose Given Rata of
Sroup {ma/kg) {feamale)
1 High 100.0 L] 1
2 Mia 16.2 - 19.6 8 1
H Atzrazine was wag given orally to the

rats (via a stomach tube) as an active ingredient or as a

labeled active ingredient. Animals wvers allowved free
access to animal feed (Purina) ang tap wvater. The animals
were asllowed a one-week acclimation period prior to
initiation of experimentation.
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m: _
obsexvationg: The fraquency of clinical observations made
on these rats was not provided in this summary report.

mmmmxm_unmun_mgmz Thare were no
treatnent-related deaths Teported in this st

Atrazine dosage regimens: Three Separate experiments were
conducted with the use of three gzoupe of rats. The first
experiment was performed to assess the distribution and
elimination of atrazine. The second experiment was
. performed to assess in further detail the distribution of
atrazine, especially in the red blood cell. The third
- experiment was conducted to identify the atrazine
metabolites formed by the rat.

Experizent 11. As shown in Tables 1, 2, and 3,
respectively, three groups of rats (5 males and % femzles)
wvere treated orally with atrzizin.. The first group
received a single oral dose of l4c.gtrazine at 1 ? a
!:cond group vere given a single orzl dose of 100 ug/kg

C-atrazine; and a third group received daily oral doses
of 1 mg/kg of nomdiolnb:}od atrazine for 14 days and on
day 15, wvas given 1 ng/kg *+%C-atrazine. :

Following the last dose of 14c-atrazine in each group,
the feces and urine were collected in each animal for 7
days. Following this, the rats vere sacrificad and the
urine, feces, and red blood cells, and the following
selected tissues were analyzed for léc content (Figure i).
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in ﬂch group vas sacrificed 3 hours after the tenth dose
-of Cratrazine and the other animal in ea group was
- sacrificed 72 hours after the tenth dose of 4c-atrazine.
The distribution of C-label in the urins, fecaes, rad
-blood cells, and the fellowing selected tissues was
. deternined for each female rat (Pigure 2).

FIGURE 2

Tongue | | Aortae IX | Braine®_§
Salivary glands® | | Heart+*¢ _ I | Peripheral nervaes
Escphagus» | | Bone marrow*4 | | Spinal cord {3 levels)#*s
Stomach®» | | Lymph nodes#* IX | Pituitarye
gu;domm* } :slpl«n: I | Eyes (optic n.)#*$
ejunume+ Thynus

X | Red blood cell
Ileum#* Uregenital [ | Adrenal glands
Ceacum® |X | Kidneys#»+¢ I | Exorbital lacrimal gland¢
Colon® | | Bladderw IX | Mammary glands
Rectum* | | Testas**g | | Parathyroidsg*
Liver »*¢ | | Epididymides | | Thyroidse*+
Gall bladder+3 | | Prostate
Pancreas» | | Seminal vesicle| | Bone {femur) +»#

|X | Ovaries**¢ ] | Muscle*#@
Trachea*$ | | Uterus+¢ [ | Skineg :
Lung#*¢ | | Cexrvix I | All groes lesions
Nose~ | | Fallopian tubes and sasses*
Pharynx~ I | Residual Carcass¢
Larynx~ I | Pate

I | Plasma (blood) ¢

Required for subchronic and chronic studies.

Required for chronic inhalation.

In subchronic studies, examined and preserved only if indicated
signs of toxicity or target organ involwvement.

Organ weight required in subchronic and chronic studies.

Organ weight required for non-rodent studies.

Required for determining distribution in metabolism studies.

323




006937

. The S male and S female rats vere used to
assess the disposition and elimination of atrazine after
single or nmultiple cral doses of atrazine. Table 4 shows
that the total recovery of atrazine .v.ftq.d 102.9% for the
greup given a single dose of 1 ng/kg +4C-atrazine, 103.2%
for the group of rats givan a singla doss of 100 ng/kg 14c-
atrazina, and 88.3% for tha group of rats given a daily
dose of 1 mg/kg atrazine followed by a single dose of 1

' mg/kg l4c-atrazine on day 15 (referred here as the
multiple dosing or the multiple exposure group).

Concerning the elimination of nt:liine or its
metabolitaes, approximately 95% of the C~label was
excreted within 7 days of the last exposure (Table 4). In
all 3 groups of rats, roughly 75% of the ‘c-llabol vas
excreted in the urine whereas about 208 of the 4c-label
vas eliminated in the faces. Both discussion of other
routes of elimination and the remaining 5% of the
administerad atrazine were not reported.

Howvever, differences between dosage groups for tissue-
borne l4c-label were observed. A statistically liqnififant
decrease (p <0.05) in the mean level of tissue-borne léc-
label was found in those rats given a single dose of 100
ng/kg when compared to the group of rats who received a
single dose of i mg/kg atrazine. Also, a statistically
significant decrease (P <0.0%) in the mean level of tissue-~
borne l4c-label wae found in those rats treated with
multiple oral doses of atrazine when compared to the {+]
of rats whe —eceived a single oral dose of 1 ng/kg Léc-
atzatine. No differences were observed between sexes
regarding the percentage of léc-label that was excreted in
the urine and feces (Tanle 4). The pattern for tissue
distributed between single and multiple SXposure groups
W similar (Table S c:cllected 7 days after expesure to
l4c-gtrazine.

The red blood cells (RBC) had the highest levels of
léc-1abel of all tissues studied (Table S). The ratio of
RBC binding cf the 14c-lasel was proportiocnal to the dose
administered, i.e., the concentration for the high dose.
single exposure group (10C ug/kg) was about 100 times that
of the low dose single axposure group (1 =g/kg), and the
tissues concentration of tas multiple dose group (1 rg/kg
for 15 days) waa the same (1.11 and 1.00) to that of the
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Ancther experiment was conductad with a lgrotocol
4

designed to determine the bodily disposition o C~label
after multiple doses of lé4c-atrazine. The reacovery of the
total dose avcri?d, 89.2% in rats killed 3 hours after the
- tenth dose of ‘%C-atrazine and 94.2% in rats killed 72
"~ hours a!t.f the tenth dose of léc-agtrazine averaged. The
amount of ‘4c-label of the total dose excrated in the fecss
in rats killed at 3 hours was 13.4% and was 14.8% in rats
killed at 72 hours independent of tha dose. Tha amcunt of
l4c-label of the total dose sxcreted in the urine was 69.5%
in the rats killed at 3 hours and 76.3% in the rats killed
-~ at 72 hours independent of the dose. The total percentage
~of the initial dose l4c-atrazine excreted in the urine and
feces in the rats killed at 3 hours was €2.9% and in the
rats killed at 72 hours was 91.1%.

« In this multiple dosing
experinent, pl&:m concentrations were related linearly to
the dose of I4c-atrazine (Table 6). That is, plasma
concentrations in rats given 100 ®»g/kg l4c-atrazine vere
roughly 100 times that of rats given 1 mg/kg léc-
atrazine. This comparison applies te all of the dosage
groups at most time points listed in Table . Overall,
during daily dosing plasma levels of atrazine or its
metabolites generally rose and resached an apparent plateay
or steady-state. After daily dosing had stopped <the
following toxicokinetic values were calculated from the
data obtained:

° the whole body half-life, or 1/2, ©f 38.6 hours

(1.51 days) for the eliminatich® of atrazine or
its metabolites,

- ths estimated volume of distribution, or vg4, for
the Jaily dose of 10 mg/kg was 4.15 L/kg, an

-] 3t 2 dosa of 10 Bg/kg, the mean plasma
concsntration of atrazine or its netabolites at

steady-state was 5.61 ag-equivalents l4c-label/r
of plasma.

For distribution models that follow first-order kinetics
such as this model proposed for atrazine, two relationships
are found: (1) ¢, /2 and V4 are independent of the dose and

(2) the plasma ’‘concentration of 1Pc-lah.1 is directly
proportional to the dose of l4c-atrazine.
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- methode used for determining plasma concentrations of

. atzagine its netabolites was eEploysd to measure the
level of ‘c-ubﬁ in red blood cells (RBCs). The
concentration o

- daily dosing of l4c-atrazine and did mot reach 8 plateau or
steady state (Table 7). RBC concentrations appearad ti be .

. proportional (usually Supralinear) to the dose of iéc-

- atrazine. Att"r cessation of daily dosing, the

- concentration of l4c-label declined for sll doses except

. the highest dose, 100 mg/kg l4c-atrazine.

After daily doging vas stopped, the data wvas obtained
from the level of léc-label in the urine. The following
-toxicokinetic values were calculated from thosa data:

e the mean dosage half-life, or t1/2, wvas 1562.9

hours (8.14 days) for the elimination of atrazine
or its metabolites from RECs 0

o the estimated volume of distribution, or Va, for
the daily dose of 10 Bg/kg wvas 0.7 L/kg, and
'7'_o at & dose of 10 ng/kg, the mean Plasma

concentration of s :razine or its utafolitos at
staady-state vas 104.6 mg-equivalentsg 14
of cells.

- The RBC:plasma concentration ratic was roughly
related linearly in all dose levels. The estimated half-
life of 8.14 days and the large volume of distribution
104.6 mg-equivalents/L) in RBCs indicate that extensive
binding of atrazine and its metabolites in RBCs wvers
occurring. (The life span of 2 rat RBC is 43-56 days).

The authors speculate that binding of léc-label is of a
covalent naturs.




006937
006937

19

Lissue concentrations of atrazine. The tissue concentrations of
atrazine and. its netabolites were measured in selected tissues

from animals killed at 3} and at 72 hours (Table 8). at all
doses, tissue levels of l14c-label are consistently lover in all
anizals killed 72 hours after cessation of l4c-atrazine exposure,
a finding that corroborates the observed decline in plasma
concentration of l4c-label (Table #}. The liver had tha highess
tissue concentration of L1léc-lake + folloved by the Kidney,
pituitary and ovary. The brain had the lowest tigsue
concentration in this experiment. R respect to =making dose
comparisons, tissue levels of 1 C=label were qcnariily
supralinear, i.e., the tissue level in rats given 100 mg/kg l4c-
atrazina was generally 200 times higher than that of rats given 1
Bg/Rg léc-atrazine. . In animals sacrificed at 72 hours, thas
mammary tissue:plasma concentration ratio at 1 mng/kg wvas 0.042

and at 100 ng/kg was 0.49; a difference that is roughly
proportional to the dese of atrazine. ‘
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B. Ihe Metakolisn of Atrazine

To examine the =metabelism of atrazine in rats, 100
ng/kg of léc-atrazine was given to rats and the l4c-labeled
retabolites were isolated and identified. A recovery cof
103.78% of the total radicactivity was achieved. Tha
urinary routs accounted for 47.4% of the elinination
whereas 49.3%t of the l4c-label was eliminated via the fecal
routa. The tissues contained 5.75% of the 14:{-1&.1 vaile
the blood contained the remaining 1.4% of the iéc-label.

In vivo metaboligm of atrazine. The molecular structures
of the urinary metabclites cbtained from the first group
rats vere unattainable, so a second group of 8 rats were
given 16.18-19.64 mg/Xg léc-strazine. Tha metabolites were
collectaed within the 0 to 24 hour time pericd after
eXposure. The urine was freeze dried. Then the
metabolites wers dissolved in a small amount of wvater that
vas acidified with HC1l ts pH 3.0 and separated with an
anino acid analyzer (to detect the amine acid residues of
glutathicne) coupled with a cation exchange column.

A total of 19 radiocactive peaks were detected, thrase
of which were identified as metabolites by comparison of
the infrared and mass spectra. The identity of two other
metabolites was postulated based on additional mass
spectral information. The molecular structures of some of
the atrazine metabolites are shown in Figure 1 and the
numbers in this figure corzespond to the =metabolites
discussed in the text. Eight metabolites were identified
and the major metabolites are listed below:

o  2-nidrGiy-atrazine (7), |
o 2-h -4~amino-§-isopropylaminc-g-triazine (8).,

7
- 2-h oxy-4-ethylamnino-6-amino-g-triazine (14},
and ,

- z-—n&ﬂq s6=diamino-g-triazine (3).

The identification of the major metabolites above indicates
that dechlorination of the triazine ring and N-dealkylation
are the major metabolic pathways for atrazine in rats.
Because four other minor metabolites that possess comega-
carboxyl moieties were identified (s, 10, 11, 123,
oxidation of the terminal methyl moieties in the alkyl

substituents appears to be a minor and secondary metabolic
route.
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proporticnal to the dose of atrazine. Plasas concentrations of
atrazine measured during and atter atrazine Sxposure shoved that
the whole body half-life (tl(z) of atrazine or izs nstabolites is
38.6 hours (1.61 days) in rits. These reported Zindings further
indicate that atrazine does not accumulate under this expesura
regimen in the rat. '

As mentioned above, the highest level of ntrizino vas found
in the RBC. The estimated half-life of 8.14 days in RBCs (as

occurring. Howaver, after cessation of multiple &Xposure, the
concentration of atrazine or its metabolites in Racs declined at
2ll doses except for the highest dose, 100 »g/kg atrazine.

atrazine is excrsted through the urinary routs vhereas about 20%
of the atrazine is eliminated in the fecas. The elimination
route for the remaining 5% was not reported. Also, the level of
atrazine elimination by exhalation or through the skin (sveating)
wvas not reported.

+ The data reported in this study
indicates that dechlorination of tha triazine ring and N-
dezlkylation are the major metabolic pathwvays for atrazine in
rats. Oxidation of the alkyl substituents of atrazine appears to
be a minor anq sacondary metabolic route.

The author argues that a “carbon-sulfur lyase,™ cleaves the
glutathione residue from an atrazine metabolite to produce a

red blood cell, a finding from the multiple exposure studies
(depicted in Table 7). Hovever, the author hag not provided
evidence in thisg study whether lyase is Present in red blood
cells.

SUERAXrvy. The whole body half-life of 1.61 days for atrazine is
consistent with the cbservation that 95% of the administersd dose
is elimination within 7 days after exposure. The red cells stors
the highest concentration of atrazine in the rat, apparently
through the covalent binding of a metabolite. Under the dose -
regimen employed in thig study, atrazine does not accumulate in
the rat.
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Data Evaluation Report Q08718

Compound Atrazine

Citation

Dermal absorption of l4C-Atrazine by rats (general
metabolism), T. Murphy, Biochemistry Dept., Agricultural
Division, Ciba-Geigy Corp. Study No. ABR-87098; 11/6/87, MIRD
404313-08.

This document contains the following report which
describes the in life portion of the study;

Dermal absorption of l4C-Arrazine in Rats, E.M. Craine,

WIL Research Laho:at?;ies, Pro?ect No. WIL-8201S, 11/5/87.
_&7-

Reviewed by Robert P. 2 an‘Ph.D.j /‘;f’/cf’/
Senior Pharmacologist

core Classification Acceptable
Conclusions

Atrazine in 4L formulation is absorbed in relatively
small amounts through the skin. Typical values are 2.00, 0.53
and 0.26 § for 10 hour exposures to doses of 0.01l, 0.1 or 1.0
mg/cm2. Significant quantities remain on the skin after
washing with soap and water (24.87, 21.10 and 10.49 ). No
significant differences in absorption were observed betseen
the 4L and 80W formulations tested at 1.0 mg/cm2 for 1¢ :
hours. The data indicate that absorption is approaching
saturation at the high dose.

Materials
Artazine uniformly ring labeled,

low and mid doses
22.0 uCi/mg, 99.5%

high doses
2.3 uCi/mg, 99.0%

Crl:CD®BR male rats 27-41 days old from Charles River
Breeding laboratories

Experimental design and methods

Dose preparation and sample analysis was performed at
Ciba-Geigy and the in life portion of the study at WIL.

"The low dose was prepared by mixing throughly 4.0 mg of
l4c-atrazine and 5.3 mg of the formulant (4L), then suspending
the mixture in 2.0 ml of deionized water. The middose was 333



006937

-a- vuérsia
prepared by mixing 40 mg of ldc-Atrazine and 53.0 mg of blank
formulation (4L) and then suspending the mixture in 2.0 ml of
deionized water."

"The 4L high dose fornulation was prepared by mixing
throughly 530 mg of formulaat and 400.0 mg of l4c-atrazine,
cthen suspending the mixture in 4.0 ml of water. The 80W high
dose was prepared by mixing 200.0 mg of l4c-aAtrazine and $0.0
mg blank formulant, then suspending the mixture in 2.0 ml of
deionized water.

Two groups of 15 and one group of 20 male rats were
treated decrmally with single doses of l4c-atrazine at
9.1, 1.0 and 10.0 mg/rat (0.01, 0.1 and 1.0 mg/cm2)
trespectively. Four animals at each dose were dosed with 4L
formulation and exposed for 2, 4, 19 and 24 hourgs. The
temaining four animals at 10.0 mg/rat were dosed wich 80w
formulation and exposed for 10 hours.

"The test matesrial preparations were stored frozen,
warmed to room temperature and sonicated 10 minutes prior to
analysis and dosing on the appropriate test material apolication

day."

The anterior dorsal hair was shaved from each rat and
the area washed with acetone 24 hours prior to dosing. Tes:
material was applied to a 2.5 % 4 cm (1ncm2) area by pipette.
The application site was covered with a prccective device
consisting of a stomahesive bandage as a wall and a filter
paper cover.

Animals were individually caged in metabolism cages and
total urine and feces collected.

Animals were sacrificed at the end of the exposure period.
The protective device was removed and washed. The applicacion
site was washed with a de:ergent solution and water rinsed.

Blood, application s.ze skin, skin under the bandage
and the carcass were collected.

The following samples from each animal were sent to Ciba-
Geigy for analysis;

“pipet washes, urine, Lt<w2s, washes, extracts, samples from
the protective coverings, gauze, blood, skin samples and
carcasses,"

Results

Sample analysis for radioactivity at WIL indicated that
dosing suspensions were homogenous and of the expected activity.

No compound-related effects on the rats were reported. 334
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Dermal absorption data is Summarized in Table 1 below
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and presented in detail in Tables III - VI of the report.

Table 1. Summary of dermal abgorption data. All values are
aeans of 4 animals. All animals desed with 4p, formulation
eéxcept as noted. Data from Tables IIT - VI of the repore.,

Dose Exposure Absorbed, on_skiny, gggggggggc
(mg/cm?)  (hours) (%) (3/hr) (mgxl0~3) (%) {s)
6

0.01* 2 2.63 0.34 23.83 77.25
0.009t 4 1.24 0.31 11 20.56 71.88
- 10 2.00 0.20 18 24.87 69.51

24 4.93 0.21 “ 20.72 69.02

0.1 , 2 0.21 0.11 20 25.06 71.55

0.095 4 0.36 0.09 34 18.97 75.72
10 0.53 0.05 50 21.10 78.93
24 1.26 0.05 119 29.04 67.43

1.0 2 0.13 0.06 107 11.24 88.67

0.82 4 0.09 0.02 74 14.69 88.00
10 0.26 0.03 213 16.49 89.29
24 0.21 0.01 172 9.58 91.03

i.gzaow 10 0.24 0.02 244 8.81 89.15

* Nominal dose.

T Applied dose.

a. Total of blood, carcass, urine and feces.

b. Total of skin I and skin II.

C. Total of bandage rinse, bridge rinse, paper rinse, soap

rinse, water rinse, qauze A, qauze B and cage wash.

Discussion

The percent of dose absorbed followed the most common

pattern of absorption with the percent increasin
and decreasing with increasing dose. Significant
of test material remained on/in the skin followi
water wash. There are clear indications that the
approaching saturation at the high dose in that;

l. The percent absorbed per hour decreased
each dose and the proportionate decrease was lar
increasing dose.

g with time
quantities

with time in
ger with

2. As the dose increased the total quantities absorbed
increased proportionately less per dose increase.

3. The quantity on/in the skin increased tan fold from
0.01 to 0.1 mg/cm2 but only five fold from 0.1 to 1.0 mg/cm2,
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For regulatory purposes the test mat2-:12l which remains
on/in the skin after soap and water wash ic congidered
absorbable. PFor risk assesments the percoar- absorbed is
added to the percent on/in the skin to deze:mining quantity
absorbed. However, the Possibility exists .-hae the relatively
large quantity remaining on/in the skin is :p artifact of the
experimental procedure. A recent study, des ined to determine
if the material remaining on/in the skin af-ir washing could
be absorbed, showed that 2 to 3 times more raterial could be
washed from the skin of living animals ther ‘rom the skin of
recently sacrificed animals. In this Study t-e animals were
Sacrificied before washing the application s re,

This possibility may be tested by treaz: g 4 animals per
dose for 10 hours exactly as was done in th.s study but
washing the appliction Site before sacrific:r: the animals.
The ten hour exposure time is suggested as “Cleling a worker
who washes at the end of the working day.
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Statistics:

The following procedures were utilized in analyzing
the numerical data:

one- and two-way analysis of variance (ANOVA) was used
to assess the statiatical significance of results between
dose, trsatment groups or sex. When appropriate, Dunnetts
or Newman-Keuls t-tests wvere performed to assess
differences bstween group maans.

Por gesnerating the kinetic modals, the excretion data
was used. This evaluation was performed by I.W.P. Davidscn
of Bowman Gray School of Medicine (Wake Forest University).
The evaluation was limited because of the lov number of
rats used in sach group. Additi:nal kinetic paranetars
such as rats constantsa, half-life values, and alpha and
beta distribution values were cobtained with the usge of the
ESTRIP and PCNONLIN computer programs calculated by C.NM.

Metzler and D.L. Weiner (Statistical Consultants, Edgewcod,
KY).

Quality Assurance:

A signed quality assurance statement was provided by a
quality assurance inspector from (1) SRI International, the
subcontracting laboratory where the distribution of
radiclabeled atrazine was studied and (2) Agrisearch
Incerporated, another subcontracting laboratory where the
anount of radioclabeled atrazine was measured. -
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METIODS :
-

Qbservations: The frequancy of clinical cbservations made
on these rats wvas not provided in this summary report.

Toxicity/moxrtality (survival) results: - Thers wers no
treatment-related deaths reported in this study. Rat ¢
3065 (givsn 3 mg/kg atrazine for 3 days) favored its right
side, and upon examination, the lungs wvere found to be
"present in the lower thoracic area."

Experimentsl Protocol: This experiment was performed to
assess in further detail the dose-dependent distribution of
atrazine, especially in the red blood cell. As listed :n
Table 1, in an effort to_study in more detail the
toxicokinetic disposition of l4c-atrazine as a function of
the dose of atrazine and the time of sacrifice, six qrgups
of female Sprague-Dawvley rats wers treated with l4c.
atrazine while another group of female rats served as a
control group. The groups ©of rats were dosed daily for 10
consecutive days at O mg/kg (vehicle only), 1 Ig/k% 3
mg/kg, 7 mg/kg, 10 mg/kg, 50 mg/kg, and 100 mg/kg iéc-
atrazine. The vehicle was an aquecus solution of corn
staxrch/polysorbate~80.

Urine and fecss vere collected daily. At 24, 48, 72,
96, 144, 192, 219, 240, 264 and 288 hours, blood sanplas
were obtained wvia orbital puncture. Five milliliters of
blood were collected by aortal puncturse at sacrifice. The
tissues selected for determining the distribution of lic-
label at each dose are listed in Figure 1. One of the two
animals in ea group wvas sacrificed 3 hours after the
tenth dose of 34C-atrazine and the other animal in each
group was sacrificed 72 hours after the tenth dose of L4c-
atrazine. The distribution of léc-label in the urine,
feces, red blood cells, and the following selected tissues
was determined for each female rat (Figure 1i).
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|
!
!
!
|

® ++ %>

| Tengue ] | Acrta® |1X | Braine,¢
| Salivary glandst* | | Heart#*¢ | | Peripberal nervet¢
| Esophaguse I | Bone marrcw*$ | | Spinal cord (3 leveals)»s
| Stemache I | Lysph nodes» |X | Pituitarye
| Duodenume® ! | Spleent | | Byes (optic n.)*#
| Jejunume* I | Thymus»*
IX | Red blood cell Glandular
Ileun* Trocanital | | AMdrenal glands
Cecum® IX | Kidneys*+¢ | | Exorbital lacrimal glands
Colon# i | Bladdexr* |1X | Xammary glande$
Rectum* | | Testes**¢ | | Parathyroidse*
Liver **¢ | | Epididymides | | Thyroidses**
Gall bladder+$ | | Prostats g
Pancreas® I | Seminal vesicle| | Bone (femur) o¢
IX | Ovaries**p | | Muscle*#¢
Tracheat$ }] | Uterus+*¢ | | Skineg
Lung=¢ | | Cervix | | All gross lesions
Nose~ ] | Fallopian tubes and nasscs®
Pharynx~ | | Residual Carcaes®
Larynx~ | | Fate

o an - o ——

| | Plasma (blood)é

Required for subchromic and chronic studies.

Required for chronic inhalation.

In subchronic studies, examined and preserved only if indicated
signs of toxicity oxr target organ involvement.

Organ weight required in subchronic and chronic studies.

Organ weight required for non-rodent studies.

Required for determining distribution in metabolism studies. -
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RESULTS :
A. Distribution of radiclabaled atrazine after repeated
daily dosing and mult .

The experiment vas conducted with a pﬂotocol designed
to determine the bodily disposition of 4c-}abcl after
exposure for 10 days to a number of doses of ‘4c-atrazine.
The recovery of the total dose avarag 89.2% in rats
killed 3 hours after the tenth dose of lécC-atrazine and
94.2% in rats killed 72 hours after the tenth dose of lic-
atrazine averaged. The amount of l4C-label of the total
dose excreted in the feces in rats killed at 3 hours was
13.4% and wvas 14.8% in rats ki iod at 72 hours independent
of the dose. The amount of C-label of the total dose
excrated in the urine was €9.5% in the rats killed at 3
hours and 76.3% in the rats killed at 72 hours inde ant
of the dosa. The total percentags of the inicial dose 14c-
atrazine excreted in the urine and faces in the rats killed

at 3 hours wvas 82.9% and in the rats killed at 72 hours was
91.1%.

Elasma concentrations of atrazine. In this experiment,
E asaa concentrations were related linearly to the dose of

C-atrazine (Table 2). K That is, plasma concentrations in
rats given 100 mg/kg 14c-at r:in?o were roughly 100 tinmes
that of rats given 1 mg/kg *‘“cC-atrazine. This comparison
applies to all of the dosage groups at most time points
listed in Table 2. Overall, during daily dosing plasma
levels of atrazine or its netabolites generally rose and
reached an apparent plateau or stsady-state. After daily

dosing had stopped the following toxicokinetic values vere
calculated from the data cbtained: :

° the wvhole body half-life, or t1/2, of 38.6 hours

(i.61 days) for the elimination of atrazine or
its metabolites,

-] the estimated volume of distribution, or Vg4, for
the daily dose of 10 mg/kg wvas 4.15 L/kg, u\%

- at a dose of 10 =mng/kg, the mean plasma
concentration of atrazine or its lites at
steady-state was 5.61 ng-equivalents l4c-label/L
of plasma.

For distribution models that follow first-order kinetics
such as this model proposed for atrazine, two relationships
are reported: (1) t;,; and Vq are :lng-poud.nt of the dose
and (2) the plasma concentration of 14c-label is dirsctly
proportional to the dose of l4c-atrazine.
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RAC_concantrations of atrazine

method® used for deteraining plasma concentraticns of
atrazine ufl its metabolites was employed to measurs the
level of ‘c-ub! in red blood cells (RECs). The
concentration o C-label in RBCs rose during repeated
daily dosing of i4c-atrazine and did not reach a plateau or
steady state (Table 3). RBC concentrations -appeared ti be
proportional (usually superlinear) to the dose of léc¢.
atrazine. Att&r cessation of daily dosing, the
concentration of l4c-label declined for all dcsas except
the highest dose, 100 mg/kg l4c-atrazine.

After dally do!}uq was stopped, the data was cbtained
from the level of C-label in the urine. The following
toxicokinetic values were calculated from those data:

o the nean dosage half-life, or t;,3, was 1562.9

hours (8.14 days) for the elimination of atrazine
or its metabolites from RBCs,

° the estimated volume of distribution, or V4, tor
the daily dose of 10 mg/kg was 0.7 L/%g, and
o at a dose of 10 =mng/kg, the mean Plaszma

concentration of atrazine or its utafaoutu at

steady-state vas 104.6 mg-equivalents l4c-label,/r
of cells.

The RBC:plasma concentration ratio was roughly
related linearly in all dose levels. The estimated halg-
life of 8.14 daye and the large volume of distribution
104.6 ng-equivalents/L) in RBCs indicate that extensive
binding of atrazine and its metabolites in RBCs wvas
occurring. (The life span of a rat RBC is 45-3¢ days) .

The author speculates that binding of l4c-label is of a
covalent nature.
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Iissue concentrations of atrazine. The tissue concentrations of
atrazine and its metabolites were measured in selected tissues
from animals killed at and at 72 hours (Table 4). At all
doses, tissue levels of 24cC-label are consistently lower in all
animals killed 72 hours after cessation of l4C-atrazine exposure,
2 finding that corrcborates the observed decline in ‘plasma
concentration of 14c-label (Table 2). The liver had the highest
tissue concentration of 1l4c-label, folloved by the kidney,
pituitary, ovary and brain. The pectoral and inguinal mammary
glands had the lowest tissue concentration in this oxg::mnt.
In respact to making dose comparisons, tissue levels of 4c-label
were generally superlinear, i.e., the tissue level in rats given
100 mg/kg 14c-atrazine was generally 200 times higher than that
of rats given 1 mg/kg }4C-atrazine. In animals sacrificed at 72
hours, the mammary tissue:plasma concentration ratio at 1 »g/kg
was 0.042 and at 100 mg/kg was 0.49; a difference that is roughly
propertional to the dose of atrazines. '
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