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Outlined in the Registration Standard. Submitted by Ciba~Geigy
Corporation December 27, 1987.
Tox. Project No.: 8-0320 Tox. Chem. No.: 63
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Registration Division [TS-767C)

From: Judith w. Hauswirth, Ph.D. ‘:}C' Leth W -
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Toxicology Branch/HED (TS-769C)

Action Requested: Review toxicity and metabolism studies to fulfill the

rvequirements outlined in the Atrazine registration standard.

Conclusions/Recommendations:

The DER's for each of the following studies are attached.

1.

Two Generaticn Reproduction Study; Study No. 852063

Parental NOEL = 50 ppm

Parental LEL = 500 ppm based upon 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.

Reproductive NOEL = 10 ppm
Reproductive LEL = 50 ppm based upon decreased body weights of pups of
the second generation on postnatal day 2f.

Core Classgification: Core - Minimum

Mouse Oncogenicity Study; Study No. 842120

Atrazine was not oncogenic in the CD~1 mouse. The dosage levels selected
for test were adequate to determiae the oncogenic potential of atrazine.
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NOEL = 300 ppm (45 mg/kg/day)

LEL = 1500 ppm (225 mg/kg/day) based upon decreases of 23.5%¢ and 11.0%
in mean body weight gain found at 91 weeks in male and female mice,
respectively and an increase in the incidence of cardiac thrombi in
female mice.

Core Classification: Core - Guideline

Chronic (52-week) Feeding Study in the Dog; Study No. 852008

NOEL = 15 ppm (0.48 mg/kg/day)

LEL = 150 ppm (4.97 mg/kg/day) based upon statistically significant
decreased P-II waves in females at day 175 of study and cardiac
toxicity seen in two male dogs.

At the HDT (1000 ppm?}, EKG alterations such as increased heart
rate, decrease¢d P-I1I values, atrial premature complexes, and atrial
fibrillation and mocderate to severe cardiac lesions (dilatation

of the right atrium, atrophy and myelosis) were observed.

Core Clasgification: Core - Minimum

Dermal Absorption Studies
Study No.: ABR-~83005

Core Classification: Unacceptable. Atrazine was applied in ethanol,
not the field solvent, and the application site was not covered allowing
material to flake off. In addition, the report was very poorly written.

Study No.: ABR-87(098

Core Classification: Acceptable. 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 0.01, 0.1

or 1.0 mg/cm?. Significant quantities rem2in on the skin after washing
with socap and water (24.87, 21.10 and 10.49%). No significant differences
in absorption were observed between the 4L and 80W formulations tested at
1.0 mg/cnz for 10 hours. The data indicate that absorption is approaching
saturation at the high dose.

Study No.: ABR-83081

Core Classification: Unacceptable. The solvent tetrahydrofuran was
used to dissolve atrazine for dermal application. It is not stipulated -
by the registrant whether tetrahydrofuran is the solwvent used for field
application. The dermal site of application was not covered by a
material that prevents the test substance from flaking off the skin.
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5. Metabolism Studies in the Rat.

The following study numbers were submitted by the registrant to
fulfill the reguirement for a metabolism study ian the rat:

ABR~87116 AG-520 *
ABR-87048 ABR-85104
ABR-87087 ABR-87115

These studies taken together are gufficient to show that in the female rat
dechlorination of the triazine ring and N-dealkylation ave the major
metabolic pathways. Oxidation of the alkyl substituents appears to be a
minor and secondary metabolic route. The total body 1/2 life is approximately
one and one half days. Atrazine and/or its metabolites appear to bind to
red bleod cells. Other tissue accumulation does not appear to occur. The
major route of excretion appears to be the urine in both male and female
rats. One study indicated that approximately 75% of the administered
radioactivity was excreted in the urine and approximately 20% in the feces
of male and female rats given one oral dose of either 1.0 or 100.0 mg/kg
atrazine ¢tv 1.0 mg/kg for seven days sub Q. However, in another study when
a gingle oral dose of 100.0 mg of atrazine was given to female rats approxi-
mately 50% of the administered -:Aicactivity was found in the urine and 50%
in the feces.

The following must still be audir:uised by the registrant, concerning the
metabolism of atrazine in the rat:

1. 1Identification of fecal metabolites in the male and female rat.

2. Identification of urinary metabolites in ths =ma2le rat unless an acceptable
rationale can be given that the male and female produce the same metabolites.

3. BAn explan2tion for the differences obtained in the percentage elimination

of radioactiviy in the feces and urine of female rats given a single oral

dose of 100 mg/kg of atrazine; the ratio was 70:25 (urine vs. feces) in one

study and 50:50 in another study.
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Reviewed by: Judith W. Hauswirth, Ph.D., Section Head Qeeleth Lo dlecescritcd
Section VI, Tox. Branch (TS-769C) 4S/ae/68
UATA EVALUATION REPORT
STLLY TYPE: 2-Generation Reproduction Study TOX. CHEM. NO.: 63

(83-4)
MRID NO.: 404313-03
TEST MATERIAL: Atrazine

SYNONYMS : Z-Chloro-4-ethylamino-6-isopropy!aminojgftriazine
STUDY NO.: 852063
SPUNSUK: Ciba-Geigy Corp., Ag. icultural Division, Greensbaro, NC 27419

TESTING FACILITY: Research Department, Pharmaceuticals Divison, Ciba-
Geigy Corporation, Summit, NJ 07901

AUTHURS: J Mainiero, M Youreneff, MLA Giknis and ET Yau
REPORT ISSUED: November 17, 1987

CONCLUSION: Parental NOEL = 50 ppm
Parental LEL = 500 ppm based upon 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 seea in parental males could be treatment-related
since it was seen in both generations.

Reproductive NOEL = 10 ppm
Reproductive 1EL = 50 ppm based upon decreased body weights of
pups of the second generation on postnatal day

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, vAF/
PLUSY 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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STUDY DESIGN:

Animal assignment: According to the report, “One hundred twenty
male and one hundred twenty female rats from the acclimation colony
were randomly assigned a TZROS® temporary animal identificatien
number and at the same time were randomly distributed ints 4

treatment groups...” Permanent numbers were assigned when the arimals
were found accentable for the study.

Experimental design: Male rats were placed on the control and test diets
at 2¥s of age and females at 48 days of age. They were maintained
on thesc 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 c7 the last litter of the first generation, thirty males and
thirty females were selected for the second parental generation. The
remaining 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 generation. 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 0, 10, 50 and 500 ppm. Diets containing
10 to 3000 ppm atrazine were found to be stable at room temperature
for at least 40 days. Periodic homogenei ty 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 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 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 either
parental generation.

W
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Body weights: Body weights were determined weekly and at
termination for males. For females, body weights were recorded
weekly during the premating phase, on days 0. 7. 14 and 20 of
gestation and on days 0, 4, 7, 18, and 21 of lac.a'ion. Selected
body weight data can be found summarized in the roilowing table
for both parental generations.

Selected ™.rental Body Weight Dats

Mean Body Weights (g)

Day
Dose 21 49 70 Terminal
(mg/kg)
Ha]es, Fo
0 198.4 339.0 448.8 500.9 566.3
1 198.1 338.5 449.8 508.9 577.8
50 197.6 337.4 447.8 501.2 567.8
500 198.0 309.3* 396.0* 440.7* 484 .8*
Males, F1
0 167.8 337.6 478.4 541.1 642.3
10 160.8 329.8 471.6 528.5 626.2
50 160.6 325.2 462.6 529.6 627.4
500 146.7* 294 7% 408.9* 459,5*  540.1*
Females, F,
0 158.0 220.8 261.2 281.7
10 154.8 215.2 258.4 230.0
50 155.2 209.8 254.5 269.9
500 154.2 197.5* 231.6* 243.5*
Females, Fy
0 141.7 212.0 262.8 287.8
10 138.7 215.4 272.1 296.1
50 140.1 212.4 264.5 290.4
500 127.9 193.7 232.7* 251.8




Body Weights (Cont'd.) 006718
Females, F, (Gestation) Females, Fo (Lactation)
1
0 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
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, F; (Lactation)
1

0 302.0 408.4 i 329.8 347.5 333.7
10 298.5 413.4 i 334.7 344.5 335.3
50 305.3 418.1 1 331.4 346.7 333.3

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 containirg 500 ppm atrazine (HDT) throughout the study. Body
weight gains were also statistically significantly depressed at the HDT.

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 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 consumpticn 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.

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
testes epididymides seminal vesicles
prostate pituitary coagual tion gland

grcss 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 HDT
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in pareﬁta] males of both generations. The study authors attributed this change
to decreased body weight gain at this dosage level.

2) Gross necropsy: No treatment-related effects were seen in
either generation.

3) Histopathology: No treatment-related effects were seen in
either generation.

2. Reproductive effects:

a. Pup weights: Mean pup weights per litter were recorded on
7 lactation days 0, 4, 7, 14, and 21. Selected overall mean pup
weights for each dosage group and each generationn are shown in
the following table.

Mean Pup Weights (g)

Fi Generation Day
Dosage Group (ppm) 0 4 7 14 21
(pre-culling)
0 6.42* 9.11* 14.43 31.Q00 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 6.3¢ 8.74 13.43 29.27 46.17*

F2 Generation

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 12.66 28.33 43.77*

500 6.22 8.99 13.28 28.06 42.99*

T p<0.05

For the F; litter, 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 not 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 F2 generation, the statistically significant decrease in

pup body weights at day 21 in the mid and 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 in this generation.

b. External observations of pups during lactation: Pups were
observed daily during lactation. No treatment-related effects

P
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were seen.

¢. Sacrifice and necropsy of pups: Pups culled on postnatal day 4
were subjected to gross necopsy as were 40 randomly selaected Fp
pups on day 21. No treatment-related findings were noted.

d. Other reproductive parameters: The following reproductive

: paramenters were studied: number of viabie litters, litter size,
stillbirths, sex ratio, surival indices, male and female fertility,
male and female mating index, number of pregnant females,
number of implantation sites, number of viable newborns and
post-implantation loss. MNone 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).

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 litters 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 consumntion were statistically
significantly decreased for parental animals, males and females, through-
out the study at the HDT. These are considered to be treatment-related
effects. In addition the statistically significant increase in relative

testes weiohts could be treatment-related, since this effect was seen in
both pare:ntal generations.

Parentai NOEL = 50 ppm
Parental LEL = 500 ppm based upon decreased body weight, body we ght 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 = 50 ppm based upon decreased body weight of pups on postnatal
day 21 in the seconc generation.

CORE CLASSIFICATION: Core-Minimum
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Appendix 1
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ATRAZINE 080803

Page is not included in this copy.

Pages '! through lg‘ 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 contrgl 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) .

7Z 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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. 2
Reviewed by: sSanford W. Bigelow, Ph.D. "quVk/ ' 2/3-/6"
Section VI, Toxicology Branch (TS-769C) v ’
Secondary reviewer: Judith W. Hauswirth, Ph.D.

Section VI, Toxicology Branch (TS-=769C) 9*4;Lk,uJ.da~¢4~udAzJ\

RY 172
OATA EVALUATION REPORT

I. SUMMARY:
STUDY TYPE: dhcoqenicity ~ mouse (83-2}) CASWELL NO: 63
ACCESSION NUMBER: MRID NO.: 404312-02

TEST MATERIAL: Atrazine
SYNONYMS: 2-Chloro-4-ethylamino-6-isopropylamino-s-triazine

STUDY NUMBER: 842120

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.O. Box 18300
Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X727

IESTING FACILITY: Division of Toxicology/Pathology, Ciba-Geigy
Corp., Summit, NJ 07901

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

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

REPOR S ¢ October 30, 1987

CONCIUSIONS: Atrazine was not oncogenic to the CD~1 strain of
mouse under the conditions of this assay.

NOEL = 300 ppm (45.0 mg/kg)

LEL = 1500 ppm (225.0 mg/kg) based upon tne effects found in
male and female mice. The NOEL and the LEL were determined on
the following bases. The LEL of 1500 ppm was based upon
decreases of 23.5% and 11.0% in mean body weight gain found
at 91 weeks in male and female mice, respectively. Alseo, an
increase in the incidence of cardiac thrombi was found in female
mice in the 1500 ppm 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 exposure level, 3000 ppm, atrazine exposure
in both sexes of mice caused:

1) a decrease in the mean bedy weight gain at 12 and 351
weeaks,

2) a decrease in food consumption rataes,

3) an increase in the incidence of cardiac thrombi,

4) a decrease in erythrocyte count, hemoglobin
concentration and hematocrit, and

in female mice only, atrazine exposure caused:
1) an increase in nmortality,
2) a decrease in mean brain and kidney weights, and
3) decreased percentages of neutrxophils and lymphocytes.
Classification: core-guideline: This classification is
based on the fact that the methodology requirements established

in the Pesticide Assessment Guidelines, Subdivision F §83-2 have
been satisfied.

20
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II.  MATERIALS:
A. Test Compound: atrazine

Description: atrazine, technical-grade

Batch #: 841802

Purity: The purity of atrazine used in this study was
not given.

B. W

Species: Mouse

Strain: CD=-1 ([Crl: CD1 (ICR) BR]

Age: about 5 weeks

Weight (mean, in grams): females: 21i.0 + <20%
(at week 0) males: 26.8 + <20%

Source: Charles River Laboratories, Kingston, NY

III. STUDY DESIGN:

Animals were assigned randomly to the following test

greups:
Table 1
Animal Assignment in this Study

Dose in Main Study Least number
Test diet 91 weeks of treatment
Group (ppm) male female weeks
1 Control- - 59 60 91
2 Lowl (LDT1) 10 60 59 31
3 Low2 (LDT2) 300 60 60 S1
4 Midl (MDT1) 1500 60 60 91
5 High (HDT) 3000 58 60 91

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

21




Q06718

Diet Preparation:

The diet containing atrazine was prepared within 2
weeks before initial atrazine exposure and thersafter,
about every 3 weeks. Every lot of feed containing
atrazine was used within 3 weeks of preparation. The feed
was stored at room temperatura, and on seversl occasions,
at refrigerated temperatures. The feed was analyzed for
concentration and/or homogeneity on weeks S, 9, 13, 17, 21,

29, 33, 37, 41, 45, 49, 60, 68, 76, 84, 92 and S%4. This
analysis was performed in the Toxicology/Pathology
"Administration and Technical Operations Section (eof Ciba-
Geigy in Summit, NJ) prior to use.

Analytical results: These admixtures were reported to be
stable for at least 40 days at room temperature.
Analytical results state that storage at room temperature

" caused less than 10% variation in the stability,

homogeneity or concentration of atrazine in the laboratory
chow.

The drinking water (tap water) was analyzed
periodically according to the standard cperating procedure
of the Safety Evaluation Facility and was found to contain

no detectable levels of contaminants.

Feeding schedule: Animals received food (called Certified
Purina Rodent Chow #5002) and water ad libitum throughout

.the 91 week study.

Statistics:

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
wag found to be similar between groups by the above tests,
Dunnett's tests were conducted to compare values of the
control and treatment groups.

When outliers (or heterogeneous variances between
groups) were identified, supplemental statistical analyses
were performed. Examples of 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 pathology data sets, if their sample
-size was found adequate, these data were analyzed for each
sex by the Fisher's exact test. Tumor incidences were
analyzed by a time-adjusted analysis by Peto's method.
-Statistical differences for survival curves between
treatment groups for each sex were examined by the use of
~the following statistical methods: (1) the generalized
‘Wilcoxon test for equality, (2) the Mantel-Cox logrank test
‘equality and test for linear trend, (3) nonparametric tests
.and (4) Kaplan-Meier estimates.

D. inglitx Assurance:

A signed quality assurance statement was provided by a
quality assurance inspector. According to the statement,
the study was audited sixteen (16) times during the course
~of the study. »
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IV. METHODS AND RESULTS:
A. € i ons:

, Animals were inspected twice daily for mortality and
once daily for general appearance, behavior and excreta.

2 Viral screens were performed on 6 male and 6 female

~ mice taken randomly from the colony 2 weeks before
.atrazine feeding began. The presence of the following

" ¥iruses were checked: minute virus, pneumonia virus,

. ‘reovirus (type 3), hepatitis virus, K virus, murine

.. encephalomyelitis virus, Sendai virus, lymphocytic

- choriomeningitis virus, adencvirus, ectromelia virus,

" polyoma virus and mycoplasma pulmonis.

Toxicity/moxrtality (survival) results: A total of 301 of

the 596 mice used in the study died. For female mice 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
Group #: 1 2 3 4 S 1 2 3 4 5
Dose (ppm): 0 0 300 1500 3000 0 10 300 1500 3000
4 of mice: 598 60 €0 60 sgP 60 592 60 60 60
Reason for sacrifice:
Found dead: 20 18 lé6 18 17 27 32 27 29 39
Sacrificed moribund: 4 9¢C 8 3 6 7 4 7 4 6

Terainal sacrifice: 35 33 36 39 35 26 23 26 27 15

$ survival at term: 59 55 60 65 60 43 39 43 45 25d

2 Two mice were deleted due to misidentification.

b Tyo mice in group 5 (3000 ppm) were nmis-sexed, and therefore their
data results were deleted from reporting.

€ One mouse in Group 2 (10 ppm) escaped from its cage and was sacrificed.

d P < 0.05, generated from a survival analysis with the use of
Mantel-Cox Logrank test.
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Clinical Results: There were no treatment-related clinical
signs observed dQuring the study. Clinical signs most
frequently observed were: lesions, alopecia, scabs,
perineal stains, fur stains and dermatitis in all groups cf
mice. No treatment-related changes in the incidence of
palpable masses occurred during the study.

Bégx weight:

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

Results: Dose-related reductions were observed at weeks 12
and 91 in mean body weight gain (either % decrease or

% gain) in both sexes of mice who were exposed te 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 exhibited 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.




o Table 3
Mean Body Weight Gain Changes in Mice Fed Atrazine
(taken from Tzble 8.3)

- WQQ&_ll_a —5 , ' Wst_gl_s______1~5
Dose Gain (g) % Decrease ¥ Gain Gain (g) % Decrease % Gain
{ppm) (increase) {increagsey

Males

o ldsé : NA 39.1 11.5 NA 43.7
10 9,1 14.2 37.1 13.3 {15.6) ’ 49.4
300 9;5 10.4 36.1 10.4 9.6 39.5
1500 7.1 33.0 26.74 8.8 23.5 32.9€¢
3600 6.3 40.6 23.8d 8.7 24.4 33.1¢
--------- Females )
e 9.1 NA 43.7 13.6 NA 68.8
16 9.3 (2.2) 44.5 13.G 4.4 64.¢
300 8.5 6.6 40.5 12.6 7.4 . 64.1
1500 7.8‘ 14.3 37.9€ 12.1 11.¢ 61.7
3000 8.0 12.1 37.6F 7.0 48.5 33.3d

2 The reviewer calculated body weight gain by the following formula:
% Decrease = 199 - _Mean bodv weight gain (test group) y 190

{increase) Mean body weight gain (control)

where: Mean body weight gain = body weight (g) for wk 12 (or wk 911-
body weight (g) for wk O

b The authors of the study calculated % body weight gain by the
following formula:

% Gain = Body weight (week 12 or 31) x 190
Body weight (week 0)

C p = <0.05 and 9 p = £0.01, significantly different from control
group when compared by the use of the two-tailed Dunnett t-test
perforred on the raw data.

NA = Not applicable
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Fcod 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 were calculated from these data. The i. :ake
of atrazine was <alcu.ated and is reported below. ,
Efficiency and atrazine intake were calculated from the
consumpticn 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, section 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).]

Fecod consumption results: Treatment-related reductions in
mean food consumption were cbserved 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 ppm atrazine.
Reductions in mean food consumption correlated with similar
raductions in mean body weight and mean body weight gain.
These reduction were sporadic (occurred only in certain
weeks during the study) and were not related to the dcse of
atrazine. No statistically significant reductions in mean
fced consumption were seen in mice fed chow containing 10
ppm atrazine.

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

Dietary Mean Daily Range
Concentration Dose (mg/kqg)? {(mg/kg/day)

10 1.4 1.2 - 2.0
300 38.4 35.7 - 58.3
1500 194.0 184.3 -~ 293.3
3000 385.7 364.3 - 541.6

Males:

Group #

Ut W N

Females:
Group # 1 1.6 1.4
300 47.9 41.1
1500 246.9 215.9

3000 482.7 420.8

2.3
73.1
363.3
660.6

U W N

2 The group mean daily dose was calculated for each study
week as follows:
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Group Mean Food Consumption yx Atrazine
Group Mean Daily = ______(g/mouse/day)
Dose (mg/kg) Mean Group Mid-Period Body Weight (g)

Conclusion: On the basis of a daily dose of mg/kg, female
mice fed 300, 1500, or 3000 ppm atrazine received about a
25% higher daily dose of atrazine than male mice in the
corresponding exposure group.

D; Ophthalmological examination:

ophthalmological examinations were performed prior to
the study on all male and all female rats on weeks 26, 52,
78 and 90.

Results and conclusions: No treatment-related ophthalimic
changes were observed during this study. Corneal ocpacities
and lenticular cataracts were the most frequent
observations and occcurred 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
examined at weeks 78 and 90.

Table 5 X
Summary Incidence of Ocular Findings at 90 Weeks
(taken from p. 2709)

Sex: Males Females
Group #: 1 2 3 4 5 1 2 3 4 5
Dose (ppm): O 10 300 1500 3000 0 10 300 1500 3000
# of mice: 38 36 37 43 37 28 25 27 31 15
Ocular Findings:
Corniea: opacity 14 9 10 17 12 9 S 4 i0 2
Lens: catract 22 17 20 17 24 23 18 24 2% - 15
Adnexa:
blepharitis 2 3 3 2 3
Iris:
ectopic pupil 1 1 1 2

Phthisis bulbi 1
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E. Hematology:

Blood was collected from all animals on days 362, 544
and 633 for hematclogy and clinical analysis from all
animals. Blood smears were obtained during weeks 52 and 78
from the first 20 animals for each sex in the 0 ppm and
3000 ppm atrazine groups. In addition, all animals who
died or who were sacrificed in moribund conditon had blood
smears taken. The CHECKED (X) parameters were examined.

|X| Hematocrit (HCT)* |X| Leukoccyte differential count#*
|X| Hemoglobin (Hb)=* | | Mean corpuscular Hb (MCH)

| X| Leukocyte count (WBC)#* |X| Mean corpuscular Hb conc. (MCHC)
|X| Erythrocyte count (RBC)* |X| Mean corpuscular volume {MCV)

T S U S S 0 T D\ WS A S W S i S T Bl A R D e S 0> D s e D D O S ot S VAP S S O A T M i A

| | Platelet count»™ | | Reticulocyte count
| | Plateletcrit | | Mean platelet volume
| | Platelet dist. width | | Red cell dist. width

Blood clotting msrmts.

(Thromboplastin time)
(Clotting time)
(Prothrombin time)

— . p— ———

* Required for subchronic and chronic studies
Not required for oncogenicity studies

Results and conclusions: At the teruwination of the study,

statistically significant reductions in mean erythroid
variables (erythrocyte count, hematocrit and hemoglobin)
were observed in Groups 4 (1500 ppm) and 5 (3000 ppm) males
and Group 5 females. The authors concluded that these
erythroid effects were secondary to decreased body weight,
food consumption and/or water consumption. These resuits
are summarized in Table 6.

Other hematological effects were observed. Group 5
females (3000 ppm) 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 amounted to 1 per
group (compare Tables 2 and 9).
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Table 6
Selected Hematological Parameters in Mice at 639 Days
(taken frocm Table 8.7)

Group #: 1 2 3 4 5
Dose (ppm): 0 10 300 1500 3000
# of mice examined
males: 34 33 35 39 34
females: 26°€ 23 26€ 28 15
Parameter:
Males ,
RBC 7.68 7.47 7.48 6.65P 6.33b
Hb 14.71 14.02 14.07 12.862 12.52b
HCT (%) 45.24 43.21 43.66 39.742 38.620
Femalesg
RBC 6.64 7.34 6.36 6.29 5.542
Hb 13.25 14.33 12.62 12.58 11.222
HCT (%) 41.04 43.96 39.04 38.62 34.802
Neuts %€ 39.52 37.22 40.84 49.23 56.402
Lymphs %€ 58.32 60.61 57.92 48.54 42.332

& p=<0.05, © p = <0.01, significantly different from control group
when comrzred by the use of the two-tailed Dunnett t~-test performed on the
raw data.

© = For neuvzrophil % and lymphocyte % tests, 25 female control mice and 25
female mice in the 300 ppm exposure group were examined.

F. Sacrifice, Gross Pathology and Histopathology:

All animals were fasted overnight prior to terminal
necropsy. The 301 animals that died in the course of the
study and those mice who were sacrificed on schedule were
examined for gross pathological and histological changes.
Terminal necropsies began August 1, 1986 and ended August
22, 1986 on weeks 92-95 of the study. Necropsies were alsc
performed 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 were collected for
histological examination. The (XX) organs, in addition,
were weighed to determine the organ weight.
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DRigestive systen Cardjovascular Neurological

|X | Tongue X | Aorta* |XX| Brain»*
|X | Salivary glands* |X | Heart* IX | Periph. nerve (sciatic)=t
|X | Esophagus* |X | Bone marrow*$# [X | Spinal cord (3 levels)*t
|X | Stomach* {X | Lymph nodes* X | Pituitary=* ‘
|X | Duodenum# |X | Spleen |X | Eyes (optic n.)+#
X | Jejunum# |X | Thymus*
X | Ileum* | XX| Adrenal glands®
{X | Cecum* |XX| Kidneys** I | Exorbital lacrimal gland#
|X | Colon® |X | Bladder»* X | Mammary gland+#
|X | Rectum* [XX| Testes*t IX | Parathyroids»**
|XX] Livers* IX | Epididymides |X | Thyroids=*+
}1X | Gall bladder*# |X | Prostate ot e
|X | Pancreas#* |X | Seminal vesicle! | Bone (femur)*#

espira |X | Oovaries»* {X | Skeletal muscle(thigh)+z
|X | Trachea*# |X | Uterus»* X | Skin+*#
/X | Lung=® { | Cervix |1X | All gross lesions
| | Nose~ | | Fallopian tubes and masses+*
|X | Pharynx~» |X | Vagina
}X | Larynx~
* Raquired for subchironic and chronie atudies.
" Required for chronic inhalation.
# In subchronic studies, examined and 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. QOrgan wejght: Organ weights were determined for the
liver, kidneys, testes, brain and adrenals in all animals
in all exposure groups at weeks 92-95 during terminal
necropsy. Organ weights were not recorded for animals
found dead or sacrificed moribund. Only 26 of the 36
surviving females had their livers weighed whereas 34 of
35 surviving males had their livers weighed, and
therefore, not all of the mice who were fed atrazine had
their organs examined.

Organ wejght results: Few organ weight changes were

observed in this study. Mice fed 3000 ppm exhibited
decreased mean weight in the following tissues: brain
(females and males) and kidneys (females). Organ weight
increases were found in mean brain to body weight ratio
in females. Table 7 shows the organ weights 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
Selected Organ Weights and Weight Ratios at 91 Weeks
(¥ body weight ratios in parentheses)
(taken from Table 8.8)

Group #: 1 2 3 4 5
Dose (ppm): O 10 300 1500 3000
Organ (in grams):

Males

Brain 0.55 (1.55) 0,50 (1.45) 0.50 (1.55) 0.49 (1.55) 0.48P (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) 0.87 (1.93) 0.64 (1.95) 0.62 (1.96) 0.60 (1.%0)
Liver 1.61 (4.81) 1.62 (4.75) 1.53 (4.69) 1.54 (4.85) 1.53 (4.83)
Testes 0.32 (0.96) 0.32 (0.94) 0.33 (1.01) 0.31 (1.00) 0.29 (0.94)

. Females
Brain 0.52 (1.73) 0.53 (1.78) 0.52 (1.76) 0.51 (1.83) 0.492 (2.01)b
Adrenal 0.01 (0.04) 0.01 (0.03) 0.01 (0.03) 0.01 (0.03) 0.01 (0.05)
Kidney 0.49 (1.61) 0.48 (l1.62) 0.47 (1.60) 0.44 (1.59) 0.41pP (1.70)
Liver 1.60 (5.26) 1.48 (4.93) 1.49 (5.02) 1.54 (5.50) 1.41 (5.68)

a p = <0.05, ® 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 patholoqy results: Several gross observations were
noted in the mice fed higher levels (i.e., 1500 ppm
and/or 3000 ppm) of atrazine. These observations were:
enlarged atrium (or atria) of the heart, tan-colored
lesions of the heart and pallid color of the kidney(s) .
The cbservation 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 lLasions Observed in this Study
(taken from Table 9.6.3)

Sex: _______ Male Mice F
Group #: b 2 3 4 5 1 2 3 4 5
Cose {ppm): 0 10 300 1500 3000 4] 1¢ 300 1500 3000
Total # of mice: 59 60 60 58 58 60 59 80 60 60
re o ite:
Heart, 1. atrium:
eniarged 1 4 4 1 4 8
Lesion, tan 2 2 3 3
Heart, r. atrium:
enlarged 1 b 2 1 13
Kidney, pallid 2 3 2 3 4 3 10 3
color v
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- esg ¢ As seen after the termina)
Nécropsy, dose-relateq cardiac thrombi (Primarily in the
atria) were Seen in male mice raceiving 1509 ppm 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 spontaneoualy—occurring renal
amyloidosis (p. 24). However, the incidence of cardiac
thrombi in mice with unscheduled deathsg and who were
sacrificed moribund is statistically significant from
control mice (this group of mice ig referred by the
authors asg "early deathg" -- this term is adopted in thig

amyloidosis in any group of mice. Table 9 shows that the
incidence of cardiac thrombi in female mice treated with
1500 ppm or 3000 ppm was higher in the "early death"®
group of female mice than the corresponding female mice

Other statistically significant amyloid lesions
occurred in exposeq groups but were termed "sporagjicn by
the authors. The following amyloid lesions were
observed:

1) A statistically significant increase in incidence
of amyloidosis of the liver ang the adrenal gland
were found in female mice fed 300 Ppm atrazine.

2) Likewise, thyroig amyloidosis wag observed the
"early death# group of female mice who ate chow
containing 10 Ppm atrazine.

3) Lymph node amyloidosis wasg cbserved in the "early
death» group of female mice who were fed 1500 Ppm
atrazine,
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Table S
Summary Incidence of Cardiac Thromhi Observed in this Study
(taken from p. 2749)

Sex: Male Mice F
Group #: 1 2 3 4 5 1 2 3 4 5
Dosa (ppm): 0 10 300 1500 3000 0 10 300 1500 3000

"Early death™ 3/24 5/27 3/24 7/21 9/232 3/34 4/36 1/34 ll/33b 247452
group

Mice surviving 0/35 1/33 0/36 0/39 0/35 0/26 0/23 1/26 0727 2/15
to terminal

sacrifice

All mice 3/59 6/60 3/60 7/60 9/58 3/60 4/59 2/60 117602 26/60°

¥ ap<o0.05, P=p < 0.01, © = p <0.001, significantly different from
control (by Fisher's exact test).

Table 10
Summary Incidence of Renal Amyloid Lesions Observed in this Study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: Male Mice F
Group #: 1 2 3 4 5 1l 2 3 4 5
Dose (ppm): 0 10 300 1500 3000 Q 10 300 1500 3000

"Early death™ 9/24 10/27 6/24 8/21 6/23 18/34 22/36 23/34 20/32 25/45
group '

Mice surviving 5/35 2/33 4/36 3/39 8/35 8/26 5/23 7/26 5/27 0/15
to terminal
sacrifice

All mice 16/59 9/60 14/60 14/60 18/58 28/60 31/59 31/60 25/6G 29/60
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; Table 11
Summary Incidence of Adrenal Amyloid Lesions Observed in this Study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: ______ Male Mice Female Mice

Group #: 1 2 3 4 5 1 2 3 4 5
Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000

"Early deaths" 8/24 8/27 6/24 11/20 9/22 18/34 24/35 24/33 20/32 30/44
group

Mice surviving 3/32 1732 2/35 0/37 8/32 5/26 2723 9/25 6/27 0/15
to terminal
sacrifice

All mice 11/56 9/59 8/59 11/57 17/54 23/60 26/58 33/583 26/59 30/59

T o P < 0.05, significantly different from control {by Fisher's axact
test).

Table 12
Summary Incidence of Hepatic Amyloid Lesions Observed in thie Study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: Male Mice Female Mice
Group #: 1 .- 2 3 4 5 1 2 3 4 5
Dose (ppm): 0 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 15/33 29/45
group '

Mice surviving 2/35 1/33 2/35 0/39 4/34 4/26 2/23 6/25 5/27 0/15
to terminal
sacrifice

All mice 8/59 7/60 5/60 10/59 10/58 20/60 25/59 30/602 22/60 29/60
as P < 0.05, significantly different from control (by Fisher's exact
test).
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Table 13

Summary Incidence of Lymph Node Amyloid Lesions Observed in this study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: —Male Mice
Group #: 1 2 3 4 5
0 10 300 15600 3000

Dose (ppm):.

Female Mice
1 2 3 4 5
0 10 300 1500 3000

"Early deaths" 3/22 0/25 0/23 0/16 3/21
group :

Mice surviving 1/35 1/31 2/35
to terminal
sacrifice

0/36 1/33

All mice 4/57 1/56 2/58 0/52 4/54

5/34 8/32 10/32 11/312 8/41

3/26 3/23 3/26 3/26 0/14

8/60 11/55 13/58 14/57 8/55

. 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 from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex:
Group #: 1 2 3 4 5
Dose (ppm): 0 10 300 1500 3000

Female Mice
1 2 3 4 5
0 10 300 1500 3000

"Early death®
group

8/24 8/25 5/23 9/21 10/22

Mice surviving 2/35 1/33 2/35 0/39
to terminal
sacrifice

4/34

All mice 10/59 9/58 7/58 9/60 14/56

17/34 25/342 23/34 20/33 29/45

4/26 2/23 6/25 5/27' 0/15

21/60 27/57 29/59 25/60 29/60

2 = p < 0.05, significantly different from control (by Fisher's exact
test).
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: Overall, atrazine exposure did not
cause a dose-related increased incidence of neoplasms in
these mice in this study.

Histological evaluation of palpable masses were
performed. Of the palpable masses examined, 3 female
mice were found to have developed mammary adenocarcinomas
(one mouse in the control group and 2 mice fed chow
containing 3000 ppm atrazine). One female in the 10 ppm
exposure group developed a fibroma and one female in the
300 ppm group developed malignant lymphoma. In male
nice, two developed fibrosarcoma in the 10 ppm axposure
group. One male mouse in the group fed 1500 ppm atrazine

'_ was determined to have a hemangiosarcoma (a malignancy

formed by the proliferation of endothelial and

* fibroblastic tissue). These neoplasms were found after

histological examination of these palpable masses in
these mice; some of these tumors are listed in the tumor
incidence tables below.

As shown on Table 15, in male mice fed 10 ppm
atrazine, a statistically significant increase in the

" incidence of hepatocellular adencmas was cbserved, vet no

statistically significant increase in incidence of this
type of tumor was obsaerved in groups of mice fed higher
levels of atrazine (i.e., 300 ppm, 1500 ppm or 3000 ppm).
This effect is not dose-related.

Wo statistically significant increases in incidence
were found for the following types of neoplasms: mammary
adenccarcinomas, adrenal adenomas, pulmonary adenomas and
malignant lymphomas. The incidences for these tumors are
listed in the tables below.
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Table 15
Summary Incidence of Hepatocellular Adenomas Observed in this Study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: Male Mice . Female Mice
Group #: 1 2 3 4 5 b 2 3 4 5
Dose (ppm): 0 16 30C 1500 3006 0 10 300 1500 3000

"Zarly death“ 0/24 5/272 0/24 1/20 0/23 0/34 0/36 ©/34 0/33 0/45
group ,

Mice surviving 10/35 8/33 6/36 3/39 1/35 1726 0/23 o/26 0/27 0/15

to terminal
sacrifice

All mice ¥ . 10/59 13/60 6/60 4/59 1/58 1/60 0/59 0/60 0/60 0/60

aa P < 0.05, significantly different from control (by Fisher's exact
test).

Table 16
Summary Incidence of Mammary Adenocarcinomas Observed in this Study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: Male Mice Female Mice
Group #: 1 2 3 4 5 1 2 3 4 5
Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000
"Early death® 0/13 0/9 0/13 0/14 0/9 1/33 0/35 0/33 0/33 2/44

group

Mice surviving 0/18 0/12 0/19 0/22 0/20 0/26 G/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 1/58 0/60 2/59
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o Table 17
Summary Incidence of Adrenal Adenomas Observed in this Study
(taken from Tables 9.6.1:1, 9.6.1.2, 9.6.1.3)

Sex: . Male Mice e e M
Group #: 1 2 3 4 5 1 2 3 4 5
Dose (ppm): .. 0 10 300 1500 3000 0 10 300 1500 3000

"Earlz deathé" 0/24 0/27 0/24 0/20 0/22 /34 0/35 0/33 0/32 0/44
group o
Mice surviving 3/32 0/32 3/35 4/37 3/32 0/26 0/23 0/25 0/27 0/15
to terminal

sacrifice

All mice 3/56 0/59 3/59 4/57 3/54 0/60 0/58 0/58 0/59 0/59

2 = 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 Adenomas Observed in this Study
(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3)

Sex: Male Mice . Female Mice
Group #: 1 2 3 4 5 1 2 3 4 3
Dose (ppm): o 10 300 1500 3000 0 10 300 1500 3000

"Early deaths" 1/24 1 1?7 1/24 0/21 1/23 1/34 1/36 1/34 1/33 1/45
group

Mice surviving 3/35 3/33 3/36 5/39 6/35 0/26 0/23 1/26 2/27 1i/15
to terminal
sacrifice

All mice 4/3%9 4/60 4/60 5/60 7/58 1/60 1/59 2/60 3/60 2/60.
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Summary Incidence of Malignant
(taken from Tables 9.6

Table 19

Lymphoma Observed in this Study
-1.1, 9.6.1.2, 9.6.1.3)

Sex:
Group #4:
Dose {ppm):

2 3 "4 5
10 200 1500 3000

(o

Female Mice
2 3 4 5

0 10 300 1500 3000

"Early deaths®
group

Mice surviving
to terminal
sacrifice

All nmice

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

6/34 5/36 5/34 13/33 3/45

13/26 9/23 11/26 98/27 4/15

19/60 14/59 16/60 12/60 7/60
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DISCUSSION:

Atrazine exposure did not cause a dose-related increase
in the incidence of neoplasms in the CD-1 strain of mice in
this study. No dose-related effects are seen for macroscopic
gress lesions or scular changes in either sex during the 91~
week atrazine feeding study.

The NOEL and the LEL are determined on the following
bases. The LEL is set at 1500 ppm based upon decreases of
23.5% and 11.0% in mean body weight gain found at 91
weeks in male and female nice, respectively. Also, an
increase in the incidence of cardiac thrombi is found in
female mice in the 1500 PPR exposure group. None of the
above effects are found at 300 ppm, thus the NOEL is set at
300 ppm.

This oncogenicity study shows that there are dose-
related effects of atrazine in mice fed chow containing 1500
pPpm or 3000 ppm atrazine. The dose-related effects are the
production of cardiac thrombi, a decrease 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 in the 1500 ppm and 3000 ppm
exposure groups. In addition to amyloidosis, cardiac thrombi
contributed to the deaths of the group of mice who did not
survive to terminal sacrifice (this group of mice are termed
as "early death" mice). This assertion is based on the
observation that a statistically significant increased
incidence of cardiac thrombi is found in "early death” mice
whereas no statistically significant increase in incidence of
cardiac thrombi 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 recieved
almost twice the dietary intake levels of atrazine when
compared to male mice in the 3000 PpPm exposure group. This
observation 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 exposure 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 decrease in food consumption rates,
3) an increase in the incidence of cardiac thrombi,

4) a decrease in erythrocyta count, hemoglobin
concentration and hematocrit, and

in female mice only:
l) an increase in mortality,
2) a decrease in mean brain and kidney weights, and
3) decreased percentages of neutrophils and lymphocytes.

Both the 1500 ppm and the 3000 ppm atrazine exposure
levels are deemed sufficient doses to cause an adequats level
of toxicity in male and female mice because:

1) the high percentage of mortality at 91 weeks (75%) in
female mice in the 3000 ppm atrazine exposure group,

2) decreased mean body weight gain at 91 weeks in female
mice (48.5%) and in male mice (24.4%) fed chow
containing 3000 ppm atrazine,

3) a 23.5% decrease in mean body weight gain in male mice
and an 11.0% decrease in female mice in the 1500 ppm
atrazine exposure group at 91 weeks, and

4) at 12 weeks 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 methodology requirements
established in the Pesticide Assessment Guidelines,
Subdivision F §83-2 have been satisfied.

PCl/reports/atraonco.002
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Reviewed By: Irving Hauer, Ph.D. TB Project No.: 8-0320

Section VI, Toxicology Branch (TS-769C) Date:
Secondary Reviewer: Judith W. Hauswirth, Ph.D., Hea .
Section VI, Toxicology Branch (TS-769C) e L) Maccoureick
4/2e /6T
TOXICOLOGY BRANCH: DATA REVIEW
Chemical: Atrazine Caswell No.: 063

TOX Chem No.: 083803
Study Type: Chronic (52-Week) Feeding =- Dog

Citation: Atrazine Technical - S2~Week Oral Feeding in Dogs
(MIN 852008)

Accession No.: 404313-01 (3 volumes)

Sponsor: Ciba-Geigy, Corporation, Greensboro, NC

Testingﬁtab.: ;iba;feﬁg¥. Division of Toxicology/Pathology
ummit,

Study No.: 852008 (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, 158, and 1000 ppm.

Intake equivalent: mg/kg/day

Male - 0, 0.48, £.97, and 33.65
Female - 0, 0.48, 4.97, and 33.80
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DETAILED REVIEW

Test Article:

Atrazine technical {(Batch FL 850612); nature and purity not
stated here (but reported elsewhere as 97 percent); mizxed 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 5-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 weexly 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 hematological parameters (hemoglobin,
hematocrit, rbe, wbc, differential, platelets, and prothrombin
time) were also measured during the pretreatment period and
quarterly 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 out 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
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Cecum Muscle, thigh Stomach

Colon Nerve, sciatic Testis w/epididymis (2)
Duocdenum 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 joint] Vagina

Je junum {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 the NO3 pathology data
base. A detailed examination of the hearts of all animals
sacrificed at study termination was performed, including
measurement of left and right ventricular wall thickness, 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 EKG tracings were stored in the Bec.uman
toxicology system data base (TOXSYS) in the IBM 4361 mainframa
computer, and analyzed separately for each sex by a two-tailed
Dunnett's multiple comparisons test {37 < 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 equalitv of all
treatment group means was performed. Nonparametric versions of
these procedures (based on rank rather than numerical values)
were employed on paramete-s not normally distributed :e.g.,
highly skewed). Suppleme: tal statistical analyses were necessary
where the significant dev:.ations were detected via diagnostic
procedures. These inclu:x:>d data transformation, nonparametric
tests, and tests without assuming homogeneity <f group variances.

Results:

Chemical Analysis/Unsimetry

Routine {monthly) c.iemical 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, 1600 ppm.) Analysis of

-3
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multiple subsamples during week 1 of treatment revealed atrazine
was homogeneously 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 10QQ
ppm, Appendix 9.9).

Based on feed consﬁmption and iverage-group mid-period 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) {mg/kg/day) (mg/kg/day)
M 2 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 - ¢6.6

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 withocut incident. The authors
considered the moribund condition of 14 M to have developed
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 reports of digsseminated fibrinoid necrotic arteritis
(termed "polyarteritis nodosa,”™ or, alternatively, nacrotizing
vasculitis), considered a spontanecus 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

-4~
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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. MNecropsy 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
presence of "compound-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, 15 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/or
morphologic evidence of heart disease (characterized as irregular
heartbeat, tachycardia, and increased heart rate), in contrast to
the mid~dose dog., 14 M, which did not. These treatment-related
clinical 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 to 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 Tablie 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 sicnificant
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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Ophthalmoscopy

No compound-related ocular changes were found on
ophthalmoscopic examinations (Appendix 9.2). A summary of
individual ophthalmoscopic findings revealed comparable inciden-
ces and types of changes in control as in test groups.

Electrocardiography

Treatment-related EKG changes were stated in the text of the
report to be found only in the high-dose groups at various time
points of recording (Appendix 9.3). Statistically significant
findings in males were recorded for increased heart rate on days
85, 175, and 361; decreased P-II (height of P wave) on days 85,
175, 267, and 361; decreased PR-interval time on day 361; and
decreased QT-interval time on days 267 and 361. Statistically
significant findings in females consisted of decreased P-II on
days B85, ‘175, 267, and 361; decreased PR on day 175; and
increased heart rate on day 175.

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-IXI z2nd PR at day 267
in low-dose females; increased R waves at day 35! in mid-dosse,
and at days 267 and 361 in high-dose males; but also sig-
nificantly decreased P-II of 0.200 mV (p < 0.95) in mid-deose (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 high~-dose females, p < 0.C1l.} The value
in 150 ppm females was stated to be within the normal background
range of values for the species. (Background values were not
provided in the repor%, however, but the concurrent control value
was given as 0.267 mV.) The staff cardiologist for Ciba-Geigy
also noted arrythmia (atrial fibrillation) in four high-Zduse dogs
(two males and two females) at various time points, and atrial
premature complexes ii: one high-dose female at 2ay 361 (Appendix
9.3).

Hematology

Treatment~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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alteracions in other hematologic parameters, considered by the
authors to oe toxicologically unimportant, occurred in males of
all test groups (MCV, WBC, ecsin) and in mid- and high-dose
females (lymp mono, WBC, MCHB, and MCHC). All these changes
were considered “"spontaneocus and unrelated to treatment,” since
neither dose-response nor consistent time-response occurred, 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 spontaneous changes unrelated to treatment, since they
were neither dose- nor time-related, but marginal and within
concurrent control values. Among low-dose animals, findings
consisted of increased total bilirubin in males and increased
phosphorus in females; in high-dose groups calcium was decreased
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 8.7 and Appendix
9.1.7). Low=-, mid-, and high-dose femaless had nondose-related
increased numbers of epithelial cells at day 175 only; in
addition, high-dose females had decreased protein at day 270.
Decreased 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 were
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 animails, 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-
ticn, while the liver weight change was primarily due to one
animal (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
atrazing administration.

Gross Pathology

Gross pathological changes considered 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 (39 F).

Microscopic Pathology

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 myelosis of
the atrial myocardium, with atrial edema. Less common lesions 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.

Summar

In summary, the authors concluded that treatment-related
effects of atrazine feeding were found only at the highest
dietary level (1000 ppm = 33.65 mg/kg/day for males; 33.80
mg/kg/day for females), and included (as taken directly from the
Final Report):

1. At least one death (female) [and possibly two, 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. Irregular heartbeat and increased heart rate;
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6. EKG alterations such as increased heart rate, deéreased
P-IT1 values, atrial premature complexes, and atrial
fibrillation;

7. Slight changes in hematological parameters such as
- decreased erythroid values and increased platelet
counts;

8. Slightly decreased serum (total) protein and albumin;

9. Slightly decreased absolute heart weight in females and
slightly increased relative liver weights in males;

10. Moderate to severe cardiac lesions consisting primarily
of dilatation of right and/or left atria and myocardial
degeneration (atrophy, myelosis) of the atria. The
cardiac lesions were considered direct effects of
atrazine administration, whereas many of the additional
findings (clinical, hepatic, etc.), were considered
secondary.

From these results the authors proposed that the NOEL 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 1000 ppm (equivalent to
measured intakes of: 0, 0.48, 4.97, and 33.65/33.80 '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 for
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 exceeded 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
discounted by the authcrs 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 no 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 be 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 in 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 from the appropriate spacing of doses.

Attachments
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Page _ is not included in this copy.

Pages ‘SZ through 47 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) .

\Cf 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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FLITIC'DAS AND TOXIC SUBETAKCES

, Mar 24,1988
¥ EMORANDOM

SUBJECT:T;Atrazine, Review of Dermal Absorption Studies

™: " Judith Hauswirth Ph.D

. Section Head

Review Secion VI - ‘e
e =T - = /’ L < . .

FROM: Robert P. 2&AdZian PhD

. Senior Pharmacologist

"Toxicology Branch

- HED (TS~769)
Compound:kAtrazine Tox Chem §63
Registration #100-529 Registrant; Ciba-Geigy
Accession $404313-08&-11 Tox Project #8-0320A

Action Regquested

Reviéw the following studies
Dermal absorption of l4c-atrazine by rats (genecral metabolism),
G.J. Marco, Biochemistry Dept., Agricultural Division, Ciba-Geigy
Corp. Study No. ABR-83005; S/16/83, MIRD 404313-11.
Cermal absorption of 14C-Atrazine by rats (general metabolism),
T. Murphy, Biochemistry Dept., Agricultural Division, Ciba-reigy
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-atrazine in Rats, E.M. Craine, WIL
Research Laboratories, Project No. WIL-82015, 11/5/87.

Conclusions

Study No. MIRD 404313-11

Core Classification Unacceptable

In general the report was so poorly written as to make
it impossible to determine the experimental design while the 68




Data Evaluation Report 0Csé718
Compound Atrazine
Citation

Dermal absorption of 14C-Acrazine by rats (general
m&rabolism), G.J. Marco, 31ochemistry Dept., Agricultural
Division, Ciba-Geigy Corp. Study No. ABR-83005; 5/16/83, MIRD
404313-11.

BRI ENAOA
oece {mph.o. // s

Reviewed by 2Robert PpP. °

Senior Pharmacologist

Core Classification Unacceptable

Conclusions

In general the report was so poorly written as to make
it impossible to determine the experimental design while the
methodology lacked sufficient detail to allow evaluation.
However, deficiencies were identified that are sufficient to
invalidate the study. These include the following;

1. Compound was applied in ethanel, not in the field
solvent. Since the dermal absorption of a compound is dependent
upon the solvent, use of the wrong solvenc will produce
unusable data.

2. The application site was not covered allowing material
to flake off. This would both decrease the amount of material
available for absorption and contaminate the urine and feces.
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methodology lacked sufficient detail to allow evaluation.
Howaver, deficiencies were identified that are sufficient to
invalidate the study. These include the following;

1. Compound was applied in ethanol, not in the field
sclvent. Since the dermal absorption of a compound is dependent
upon the solvent, use of the wrong solvent will produce
unusable data.

2. The application site was not covered allowing material
to flake off. This would both decrease the amount of material
availlable for absorpticn and contaminate the urine and feces.

Study No. MRID 404313-(8
Core Classification Acceptable

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 0.01, 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 cbserved between
the 4L and 80W formulations tested at 1.0 mg/cml for 10
hours. The data indicate that absorption is approaching
csaturation at the high dose.
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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-Atrazine in Rats, E.M. Craine,

WIL Research Laboratories, Project No. WIL-8201S5, 11/5/87.
) = = = > /5 y/f
Reviewed by Robert P. 2 i1an Ph.D. ¢
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 0.0l1, 0.1 or 1.C
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 between
the 4L and 80W formulations tested at 1.0 mg/cm2 for 10
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

Experimentzl 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
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prepared by mixing 40 mg of l4C-Atrazine and $3.2 ag of blank
formulation (4L) and rhen suspending the mixtur= .n 2.0 ml of
deionized water.™

"The 4L high dose formulation was prepared by mixing
throughly 530 mg of formulant and 400.0 mg of l4C-Atrazine,
then suspending the mixture in 4.0 =ml of water. The 80W high
dose was prepared by mixing 200.0 mg of l4C-Atrazine and 50.0
mg blank formulant, then suspending the mixture in 2.0 ml of
delionized water.

Two groups of 16 and one group of 20 male rats were
treated dermally with single doses of l4c-atrazine at
0.1, 1.0 and 10.0 mg/rat ~(0.01, 0.1 and 1.0 mg/cm2)
respectively. Four animals at each dose were dosed with 4L
formulation and exvosed for 2, 4, 10 and 24 hours. The
remaining four arimals at 10.0 mg/rat were dosed with 80W
formulation and exposed for 10 hours.

"The test material preparations were stored frozen,
warmed to room temperature and sonicated 10 minutes prior to
analysis and dosing on the appropriate test material application
day."

The anterior dorsal hair was shaved from each rat and
the area washed with acetone 24 hours prior to dosing. Test
material was applied to a 2.5 x 4 cm (10cm2) area by pipette.
The application site was covered with a protective device
consisting of a stomahesive bandage as a wall and a filter
paper cover.

Animals were individually caged in metakbolism cages and
zotal urine and feces collected.

Animals were sacrificed at the end of the exposure period.
The protective device was removed and washed. The application
site was washed with a detergent solution and water rinsed.

Biood, application site 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, feces, washes, extracts, samples from
the protective coverings, gauze, blood, skin samples and
carcasses,"

Results

Sample analysis for radioactivity at WIL indicated that 72
dosing suspensions were honogenous and of the expected activity.

No compound-related effects on the rats were reported.
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Dermal absorption data is summarized in Table 1 below
and presented in detail in Tables III - VI of the report.:

3=

Table 1. Summary of dermal absorption data. All values are
means of 4 animals. All animals dosed with 4L formulation
except as noted. Data from Tables III - VI of the report.

Dose  Exposure __Absorbed, On skim, Unabso
(mg/amZ)  (hours) (%) (3/hr) (mgxl0—>) (%) (%)
0.01* . 2 0.68 0.34 6 23.53 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 44 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 10.49 89.29

24 0.21 0.01 172 9.58 91.03
1.0 80w 10 0.24 0.02 244 8.81 89.15
1.02

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, ga.:ze A, gauze B and cage wash.

Discussion

The percent of dose absorbed followed the most common
pattern of absorption with the percent increasing with time
and decreasing with increasing dose. Significant quantities
of test material remained on/in the skin following soap and
water wash. There are clear indications that the process is
app:caching saturation at the high dose in that;

1. The percent absorbed per hour decreased with time in
each dose and the proportionate decrease was larger with
increasing dose.

2. As the dose increased the total quantities absorbed ‘
increased proportionately less per dose increase. 73

3. The quantity on/in the skin increased ten 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 material which remains
on/in the skin after soap and water wash is considered
absorbable. For risk assesments the percent absorbed is
added to the percent on/in the skin to determining quantity
absorbed. However, the possibility exists that the relatively
large gquantity remaining on/in the skin is an artifact of the
experimental procedure. A recent study, designed to determine
if the material remaining on/in the skin after washing could
be absorbed, showed that 2 to 3 times more material could be
washed from the skin of living animals then from the skin of
recently sacrificed animals. In this study the animals were
sacrificied before washing the application site.

This possibility may be tested by treating 4 animals per
dose for 10 hours exactly as was done in this study but
washing the appliction site before sacrificing the animals.
The ten hour exposure time is suggested as modeling a worker
who washes at the end of the working day.
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Page is not included in this copy.

Pages \ZS’ through /&8 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 fortfiula.

Information about a pending registration action.

The document is a duplicate of page(s) .

’Z; 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 :

SIUDY TYPE: Metabolism - rat (85-1) CASWELL NG: 63
ACCESSION NUMBER: - MRID NO,: 404313-0S
TEST MATERIAL: Atrazine o '

SYNONYMS: 2-Chloro-4-ethylanino-s-isopropylnino-§~triazinc

STUDY NUMBER: ABR-87087

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

TESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept., p.oO.
Box 18300 Greensboro, NC 27419

SRI International, 333 Ravenswood Ave., Henlo
Park, CA 94025 (Study No. LSC-1469)
Agrisearch Incorporated, 26 Water Street,
Frederick, MD 21701 (Project No. 1271)

TITLE OF REPORT: Study of delta-l4c-atrazine Dose/Response
Relationship in the Rat (General Metabolism).

AUTHOR: B. Thede |
REPORT ISSUED: October 23, 1987
CONCLUSIONS:

The distribution of atrazine in rats was found to be dose-
dependent. Of the tissues studied, the red blood cells store the
" highest 1levels of atrazine, apparently through the covalent
binding of a metabolite. In rats exposed to a dose of 100 rg/kg
atrazine for 10 days, in decreasing order, the levels found in
the following tissues were: red blood cell, 1liver, kidney,
ovary, pituitary, brain, pectoral region of the mammaries.
Under the exposure regimen used in this study, atrazine does not:
accumulate in the tissues of the rat, except perhaps for the red
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blood cell. The pattern of atrazine tissua distribution found
in this report was similar that found in malc rats exposed to a
similar 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 {hc dose of atrazine and (2) the plasma
concentration of atrazine and/or its metabolites are directly
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine exposure showed that
the whole bedy half-life (tj;/;) of atrazine or its metabolitas is
38.6 hours (1.61 days) in rats. These repcrted findings further
indicate that atrazine does not accumulate under this exposure
regimen in the rat.

Summary. 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
matabolite. Under the dose regimen employed in this study,
atrazine does not accumulate in the rat, except perhaps for the
rad bloed cell.

Classification: le: 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 the data requirements for
metabolism studies set forth in §85-1 have not been reported.
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IX. MATERIALS:

A. Test Compound: Atrazine (2-chloro-4-ethylamino~-6-
isopropylaminc-g-triazine) '

Descripticn: Not provided in this summary report.

Batch #: S85-06%53-3 ,

Purity: 98.8% (expiration date - November, 19990)

Radiolabeling procedurs:
All carbons in the triazine moiety of atrazine ware
replaced with carbon-l4. The specific activity of the
radiolabeled compound (reference CL~-IX-77) was 95.8
microCuries/mg in low dose experiments and 1.06
microCuries/mg in the high dase experiments. The
purity of the radiolabsled test compound was reported
to be 97.9% ascertained by two different thin-layer
chromatography systems.

B. Test Animals:

Species: Rat (female)
Strain: Sprague-Dawlsy CD
Age: Not provided in this report.
Weight (mean): 243.2g + 2.7 SE (240-263g)
- Source: Charles River Breeding Laboratories,
Wilmington, MA
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STUDY DESIGN:

Animal Assignment:

Animals were assigned randomly to the following test

‘groups:

Table in
Animal Assignment in this Study
(Atrazine Distribution Experiment)
Daily Oral Duration

Test Dose Givan Rats of ,
Group ¢ -74.-)] {(female) _____  ZExpogure (day -
1 Control o 2 10
2 Iowl (LDT1) 1.0 2 10
3 Midl (MDT1) 3.0 2 10
4 Mid2 (MDT2) 7.0 2 10
5 ILowl (MDT3) 16.0 2 10
6 Mid4 (MDTR) 50.0 2 10
7 High (HDT1) 100.0 2 10
—

-. After the last oral dose was given, the urinary and fecal

"~ levels of radicactivity vere =measured for 7 days.
- Animals were individually placed in metabolism cages for
the collection of feces and urine. The collection of
metabolite was conducted at SRI International. Tke
samples were then shipped to the CIBA-GEIGY laboratory in
Greensboro, NC for analysis.

Dose Method: The rats were allowed a ocne-week acclimation
period prior to initiation of experimentation. Atrazine
vas given orally (via a stomach tube) tc the rats as an
active ingredient or as a radiclabeled active ingredient.
The vehicle was 3% corn starch and 0.5% polysorbate 80
{(v/v). The rats were allowed free access to animal feed
(Purina) and tap water.
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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 statistical significance of results between
dose, treatment groups or sex. When appropriate, Dunnaetts
or Newman-Keuls t~tests were performed to assess
differences between group means.

For generating the kinetic models, the excretion data
was used. This evaluation was performed by I.W.F. Davidson
of Bowman Gray School of Medicine (Wake Forest University).
The evaluation was limited because of the low number of
sats used in each group. Additional kinetic parameters
such as rate constants, half-life values, and alpha and
beta distribution vaiues were obtained with the use of the
ESTRIP and PCNONLIN computer programs calculated by C.M.
Metzler and D.L. Weiner (Statistical Consultants, Edgewood,
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
radioclabeled atrazine was studied and (2) Agrisearch
Incorporated, another subcontracting laboratory where the
amount of radiolabeled atrazine was measured.
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METHODS :
-

Observations: The frequency of clinical observations made
on these rats was not provided in this summary raport.

A

Toxicity/mortality (aurvival: results: Tiere were no
treatment-related deaths reported in this study. Rat #
5065 (given 3 mg/kg atrazine for 3 days) favored its right
side, and upon examination, the lungs were found to be
“present in the lower thoracic area.”

Experimental Protocol: This experiment was performed to
assess in further detail the dose-dependent distribution of
atrazine, especially in the red bloocd cell. aAs listed in
Table i, 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 grgups
of female Sprague-Dawley rats were treated with 214c-
atrazine while another group of female rats served as a
control group. The groups of rats were dosed daily for 10
consecutive days at 0 mg/kg (vehicle only), 1 ng/k%, 3
mng/kg, 7 mg/kg, 10 mg/kg, 50 mg/kg, and 100 mg/kg téc-
atrazine. The vehicle was an aqueocus solution of corn
starch/polysorbate~80.

Urine and feces were collected daily. At 24, 48, 72,
96, 144, 192, 219, 240, 264 and 288 hours, blood samples
were obtained wvia orbital puncture. Five milliliters of
blood were collected by aortal puncture at sacrifice. The
tissues selected for determining the distribution of lé4c-
label at each dose are listed in Figure 1. One of the two
animals in each group was sacrificed 3 hours after tha
tenth dose of 1l4C-atrazine and the other animal in each
group was sacrificed 72 hours after the tenth dose of l4c-
atrazine. The distribution of l4c-label in the urine,
feces, red blcocod cells, and the following selected tissuas
was determined for sach female rat (Figure 1).
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FIGURE 1
DRigestive systenm :
| | Tongue | | Aortaw |X | Brainw,@
| | Salivary glands* | | Heart+*@ | | Peripheral nerver#
| | Esophagus®* | | Bone marrow*# | | Spinal cord (3 levels}*t
| | Stomach# | | Lymph nodes® |1X | Pituitarye
] Duodenun#* | | Spleeane | | Byes (optic n.}+*$
| Jejunusm#* | | Thymus»*
: |X | Red blood cell . Glandulsr ,
| Ileun# Urogenital | | Adrenal gland*
| Cecum# |X | Kidneys#+@ | | Exorbital lacrimal glandt
| | Colonw | | Bladderw 41X | Mammary gland=*# '
| | Rectum® | | Testes**@ | | Parathyroidss+*+
|X | Liver »*@ | | Epididymides | | Thyroidss*+
] Gall bladder*# | | Prostate
| | Pancreas#® | | Seminal vesicle| | Bone (femur)+*#
|X | Ovaries**e | | Muscle*#@
| | Trachea®$ | | Uterus=»@ | | Skine*$
| | Lung*@ | | Cervix | | All gross lesioms
| | Nose~ | | Fallopian tubes and masses®
| | Pharynx~ | Residual Carcass@
| | Larynx~ | | Pateg
| | Plasma (blood)e@
* 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 involvement.
*+ organ weight required in subchronic and chronic studies.
++  organ veight required for non-rodent studies. ‘
€ Required for determining distributicn in metabolism studies.
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The experiment was conducted with a protocol designed
to determine the bodily disposition of 14c-label after
exposura for 10 days to a number of doses of l4C-atrazine.
The recovery of the total dose averaged 89.2% in rats
killed 3 hours after the tenth dose of l}4c-atrazine and
94.2% in rats killed 72 hours after the tenth dose of léc-
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 was 14.8% in rats killed at 72 hours independent
of the dose. The amount of l4c-label of the total dose
excreted 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 excretad in the urine and feces in the rats killed
at 3 hours was 82.9% and in the rats killed at 72 hours was
91.1%.

Blaspa concentratjons of atrazine. In this experiment,
Elam concentrations were related linearly to the dose of
4c-atrazine (Table 2). That is, plasna concentrations in
rats given 100 mg/kg l4c-atrazine were roughly 100 times
that of rats given 1 mg/kg l4c-atrazine. This comparison
applies to all of the dosage groups at most time peoints
listed in Table 2. Overall, during daily dosing plasma
levels of atrazine or its metabolites generally rose and
reached an apparent plateau or steady-state. After daily
dosing had stopped the following toxicokinetic values were
calculated from the data obtained:

o the whole body half-life, or €172, ©f 38.6 hours
(1.61 days) for the elimination of atrazine or
its metabolites,

o the estimated volume of distribution, or Vg4, for
the daily dose of 10 mg/kg was 4.15 L/kg, and

<) at a dose of 10 mg/kg, the mean plasnma
concentration of atrazine or its metabolites at
steady-state was 5.61 mg-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) tj3,, and V3 are independent of the dose
and (2) the plasma doncentration of 14c-label is directly
proportional to the dose of l4c-atrazine.
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RBC_ _concentrations of atrazine. The same experimental
method used for determining plasma concentrations of
atrazine anld its metabolites was employed to measure the
level of ‘c-lahal in red blocd cells (RECs). The
concentration o 4c-labei in RECs rose during repeated
daily dosing of 14c-atrazine and did not reach a plateau or
steady state (Table 3). RBC concentrations appeared to be
proportional (usually superlinear) to the dose of léc-
atrazine. After cessation of daily dosing, the
concentration of l4c-label deciined for all doses except
the highest doss, 100 mg/kg l4c-atrazine.

After daily doging was atcﬁpod, the data was abtained
from the level of 24c-label in the urine. The following
toxicokinetic values were calculated from those data:

° the mean dosage half-life, or ty,/5, was 1562.9

hours (8.14 days) for the elimination of atrazine
or its metabolites from RBECs,

° the estimated volume of distribution, or V4, for
the daily dose of 10 mg/kg was 0.7 IL/kg, and

o at a dose of 10 ng/kg, the nmean plasma
concentration of atrazine or its metabolites at

steady-state was 104.6 mg-equivalents l14c-label/L
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 was
occurring. (The life span of a rat RBC. is 45-56 days).
The author speculates that binding of 14c-label is of a
covalent nature.
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18- The tissue concentrations of
atrazine and its metabolites were measured in selected tissues
from animals killed at i and at 72 hours (Table 4). At all
doses, tissue levels of l4c-label are consistently lower in all
animals killed 72 hours after cessation of l4c-atrazine exposure,
a finding that corroborates the observed decline in plasza
concentration of l4c-label (Table 2). The liver had the highest
tissue concentration of 1l4c-label, followed by the kidney,
pituitary, ovary and brain. The pectoral and inguinal mammary
glands had the lowest tissue concentration in this .xgorincnt-
in respect to making dose comparisons, tissce levels of l4c-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 l4C-atrazine. In animals sacrificed at 72
hours, the mammary tissue:plasma concentration ratio at 1 mg/kg
was 0.042 and at 100 mg/kg was 0.49; a differenca that is roughly
proportional to the dose of atrazine. ‘
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V. DISCUSSION

The distribution of atrazine in rats was found to be dose-
dependent. Of the tissues studied, the red blood cells stors the
highest 1levels of atrazine, apparently through the covalent
binding of a metabolite. In rats expossd to a dose of 100 mg/kg
atrazine for 10 days, in decreasing order, the levels found in
the following tissues were: red blood cell, liver, kidney,
ovary, pituitary, brain, paectoral region of the mammaries.
Under the exposure regimen used in this study, atrazine does not
accumulate in the tissues of the rat, except perhaps for the red
bleood cell. The pattern of atrazine tissue distribution found
in this report was similar that found in male rats exposed to a
similar dosage regimen (MRID No. 404313-09, Study No. ABR-85104).

The distribution of atrazine was reported tc follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or t;,, and the volume of distribution, or Va.
ara 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 concentrations of
atrazine measured during and after atrazine exposure showed that
the whole body half-life (tj/2) of atrazine or its metabolites is
38.6 hours (1.61 days) in rdts. These reportsd findings further
indicate that atrazine does not accumulate under this exposure
regimen in the rat.

Summary. 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 perhaps for the
red blood cell. ‘

Classification: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment Guidelines, Subdivision P $8%5-1 have been
satisfied only for reporting the disposition of atrazine in
femala rats. However, all of the data requirements for
metabolism studies set forth in §85-1 have not been reported.

PCl/reports/atrametb.005
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DATA EVALUATION REPORT

I. SUMMARY :
STUDY TYPE: Metabolism - rat (85-1) CASWELL NO: 63
ACCESSION NUMBER: MRID NO.: 404313-0§

IEST MATERIAL: Atrazine

SYNONYMS: 2-Chloro-4-ethylamino-6-~isopropylamino-g-triazine
STUDY NUMBER: ABR-B87115

SPONSQR: CIBA-GEIGY Corp., Agricultural Divisioa, P.O0. Box 18300

Greensbhore, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GEIGY Corp., Blochemistry Dept., P.O.
Rox 18300 Greensboro, NC 27419

TITLE OF REPORT: Characterization and Identification of
Atrazine Metabclites From Rat Urine (General
Metabolisn).

AUTHOR: B.J. Miles
REPORT ISSUED: November 17, 1987
CONCLUSIONS :
The characterization and identification of a2 number of
atrazine metabolites in the female rat was reported in this

study. To this end, two experiments were conducted with the use
of two 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 substituents of atrazine appears to be a minor and
secondary metabolic routas.
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The elimination of atrazine in female rats was also reported
in this study. The urinary route accounted for 47.4% of the
elimination of atrazine and/or its metabolites whereas 49.3% wvas
eliminated via the fecal route. The tissues contained 5.75% 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 50:50 urinary:fecal excretion
vhereas repeated oral exposure results in abocut about 75:25
urinary:fecal excretion (see MRID Nos. 404313-05 and 404313-09
for more details). The amount of atrazine and/or its metabolites
eliminated via exhalation was not reported. A rscovery cof
103.78% of the aduinistered radiolabeled atrazine was achieved.
The majority of atrazine and/or its metabolites was reported to
be excreted via che urine and faces.

Classification: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment 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 metabolism studies set forth in §85-1 have not
been reported, i.e., the urinary and fecal netabolites of
atrazine in male rats and the fecal metabolites of atrazine in
females must be identifiaed. -
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II. MATERIALS:

A. Test Compound: Atrazine (2-chloro-4-ethylamino-6-
, isopropylamino-g-triazine)

.. Dascription: Not provided in this report.

. Batch #: Not provided in this report.

© Purity: Not provided in this report for the

- nonradioclabeled compound.

' Radioclabeling procedure:
All carbons in the triazine moiety of atrazine were
replaced with carbon-14. The specific activity of the
radiolabeled compound was 1.0 mi.roCurie/mg. The
purity of the radiolabeled test compound was reported
to be > 97%. .

B. Test Animals:
 Species: Rat (fexale)
- Strain: Sprague-Dawley
Age: Not provided in this report.

Weight (mean): akout 0.2 kg
. Source: Harlan Sprague-Dawley, Indianapolis, IN

III. STUDY DESIGN:
A. Animal Rssignment:

Aninal: were assigned randoaly to the following test

groups:
Table 1
Animal Assignment in this Study
(Atrazine Metabolism Experiment)
Daily Oral Duration

Teat Dose G.ven Rats of
Group (ng/Xg) (female) Exposure (day)
1 High 100.0 5 1
2 Mid 16.2 - 19.6 8 1

a After the last oral dose was given, the urinary and fecal
levels of radiocactivity were measured for 24 hours.
Animals were individually placed in metabolism cages for
the collection of urine. ‘
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Dose Method: The rats were allowed a S-day acclimation
period prior to initiation of experimentation. Atrazine
was given orally (via a stomach tube) to the rats as an
active ingredient or as a radiolabeled active ingredient.
The vehicle was 1% methyl carboxymethyl cellulose and Hi-
S$il-233 brand of powdered silica used to suspend the
atrazine in solution. The rats were allowed free access to
animal feed (Purina) and deionized water. '

- Statistics:

No statistical procedures were used in this study.
Quali tj Assurance:

A signed quality assurance statement was provided by
a quality assurance inspector from the registrant, the
laboratory where the metabolism of radiolabeled atrazine
was studied. According to the statement, the Good
Laboratory Practice methods were followed in this study.
However, this metabolism study was reported not meet the

Good Laboratory Practices Requirements of 40 CFR Part 160
because:

(1) "A complete set of biologiczal phase SOPs have not
been established.

(2) There was no QA inspection of the study because
the QAU was not a fully functional unit at the
time the study was conducted.

(3) There was no QA audit of the final report ABR-
87115."
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METHODS:

: The frequency of clinical observations made

on these rats was not provided in this summary report.

Toxizity/mortality (survival) results: There were no
treatment-related deaths reported in this study.

Experimental Protocol: This experiment was conducted to
identify the atrazine metabolites in two groups of rats.

As 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 metabolites of atrazine for
identification. Five adult female Sprague-Dawley rats
(about 0.2 kg) were administered 100 mg/kg +4c-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 were obtained.

In another group of animals, 8 rats were given a
single oral exposure of 16.18 - 19.64 mg/kg l14c-atrazine.
Urinary metabolites were collected over a 24-hour periecd
following treatment. The metabolites of atrazine were
isolated and identified by the following series of
analytical chemistry steps:

(1) charcoal cleanup,
(2) Cig Bond-Elut separation,
(3) Aminex A-4 cation exchange column chromatography,

(4) Aminex A-25 anion exchange column chromatography
- or PRP-1 (reverse-phase) HPLC, and finally

(5) confirmation by comparing to the infrared spectra
and mass spectra of authentic synthesized
standards.
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RESULTS:
The In Vivo Metabolism of Atrazine.

A Tc examine the metabolism of atrazine in_rats, 100
mg/kg of l4c-atrazine was given to rats and the l4c-labeled
metabolites were isolated and identified. A recovery of
103.78% of the total radioactivity was achiaved. The
urinary route accounted for 47.4% of the elimination
whereas 49.3% of the l4C-label was eliminated via the fecal
route. The tissues contained 5.75% of the 14C-labal while
the blood contained the remaining 1.4% of the 14¢c-label.
The amount of l4c-label eliminated wvia exhalation was not
reported.

The molecular structures of the urinary metabolites
obtained from the first group rats were unattainable, so a
second group of 8 rats were given 16.18-19.64 »g/kg lic.
atrazine. The metabolites were collected within the 0 to
24 hour time period after exposure. The urine was freeze
dried. Metabolites were then dissclved in a small amocunt
of water that was acidified with HC1 to pH 3.0 and
separated with an amino acid analyzer (to detect the amino
acid residues of glutathione) coupled with a cation
exchange column.

A total of 19 radiocactive peaks were detocted, three
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 Pigure 1 and the
numbers in this fiqure correspond to the metabolites
discussed in the text. Only four of these metabolites were
identified and were reported, they were:

o 2-hydroxy-atrazine (7),

o 2-hydroxy-4-amino-6-isopropylamino-s-triazine (8),

o 2-hydroxy-4-ethylamino-6-amino-g-triazine (14),
and

o 2-hydroxy-4,6-diamino-s~triazine (3).

The identification of the four metabolites above indicates
that dechlorination of the triazine ring and N-dealkylation
are the major metabolic pathways for atrazine in rats.
Because several other minor metabolites that possess omega-
carboxyl moieties were identified (5, 10, 11, 12),
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FIGURE 1. CHEMICAL NAMES AND STRUCTURES




‘ Geme
- 2-Asi~4—cnicro-g-atiyt-
amince~trisstne
Hy Hg
14
~ L <)
24-Dtaemirey-Salvicre-
Ha
15 ’
O
) 24-Dlamtoo-6-tawtiniticl-
e
nztf.\u/
6
G-z
2-Apko~i—stiyiminn-¢~
| Rydrexy-s~trizing
H N . pCH CH,

FIGURE I. CHEMICAL NAMES

006718

-87H5 R
00673 B
W
Seopapyaningd-o-ine
A ey,
@. L4-Okntro-6-ydmy~
HoN
3
G tx'hione
< pryS——
GG~ W —cH i),
16
J:QEL
Sercapte-o-irixiing
HaN oy
“ ,
S~Ghtathions
_ Quiwitions Conjigein
of 24-denino-o-trizie
SO,
19

AND STRUCTURES (Cont.)

160



9 006718

-oxidation of the termiral methyl moieties in the alkyl

substituents appears to be a minor and secondary metabolic

vrouta.

e v of° .

The author of this study offers the results of a

‘published study on atrazine metabolism performed by
‘Dauterrza. and Muecke (1974.

lQIy 4:212-219) in an effort to account for the

covalent binding of atrazine in RBCs.

The method published by Dautsrman and Huecke is
reported as the following steps. Radiolabeled atrazine was
incubated with rat liver microsomes with or without the
addition of the metabolic cofactors, glutathione and NADPH.
Six metabolites were identified by chromatography against
synthetic standards. The results corroborate the findings

-in the jin vivo experiment that N-dealkylation is the major

metabolic pathway. Also, the isopropyl moiety is
hydrolyzed more easily than the ethyl substituent.
Conjugation with glutathione was found to occur with most
of the atrazine metabolites previously discussed when
cytosolic cell fractions were included in the in wvitro
reactions.

covalent binding jin RBCs. The author argues that the
glutathione-containing metabolites of atrazine may be
catalyzed by a "carbon-sulfur 1lyase," an enzyme that
cleaves the glutathione residue and leaves a thiol group on
the atrazine metabolite. However, the author has not
presented evidence whether lyase is present in red blood
cells.
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V. LXSCUSSION:

The charactarization and identification o. a number ot
atrazine maetaboclites in the female rat was raported in this
study. To this end, two experiments ware cinductad with the use
of two groups of rats.

The data reporizsd in ¢this study indicates that
dechlorination of thae triazine ring and NK-dealikylation are the
major metabolic pathways for atrazine in rats. Oxidation of the
alkyl substituents of atrazine appears to ba a wminor and
secondary metabolic route.

The elimination of atrazine in female rats was also reported
in this study. The urinary route accounted for 47.4% of the
elimination of atrazine and/or its metabolites whereas 49.3% was
aliminated via the fecal route. The tissues contained 5.75% 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 50:50 urinary:fecal excretion
whereas repeated oral exposure results in about about 75:25
urinary:fecal excretion (see MRID Nos. 404313-05 and 404313-09
for more details). The amount of atrazine and/or its metabolites
aliminated via exhalation was not reported. A recovery of
103.78% of the administered radiolabeled atrazine was achieved.
The majority of atrazine and/or its metabolites was reported to
he excreted via the urine and feces.

Classification: acceptable: This classification is based
on the fact that the methodology requirsments established in the
Pesticlide Assessment Guidelines, Subdivision F §85-1 have been
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 reported, i.e., the urinary and fecal metabolites of
atrazine in male rats and the fecal metabolites of atrazine in
females must be identified.

PCl/reports/atrametb. 006 102
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Reviewed by: Sanford W. Bigelow, Ph.D. //.g// ' '{
Section VI, Toxicology Branch (TS-769C) ¥

Secondary reviewer: Judith W. Hauswirth, Ph.D. - o Yool
Section VI, Toxicology Branch (TS-765C) **MJ -

DATA EVALUATION REPORT

I.  SUMMARY:

STUDY TYPE: Metabolism - rat (85-1) w: 83 A
ACCESSION NUMBER: | MRID NO.: 404313-09
TEST MATERIAL: Atrazine

§_‘ﬂ¢_9m5 2-Chloro-4-ethylamino-6-isopropylamino-g-triazine
STUDY NUMBER: ABR-85104

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.0. Box 18300

Greensboro, NC 27419 Thomas Parshley, Regqulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
" Box 18300 Greensboro, HNC 27419
TITLE OF REPORT: Metabolism of l4c-atrazine in oOrally Dosed

Rats (General Metabolism).
AUTHOR: B.J. Simoneaux

REPORT ISSUED: December 6, 1985
CONC ONS:

This report is a balance study of the dispositien 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
eliminated within 18 days after the last atrazine exposure. The
urinary route accounted for abcut 70% of the elimination whereas
about 253% 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 administered radiolabeled atrazine
for the high and 1low dose groups was 93.4% and 103.9%,
respectively.
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Atrazine appears to be rapidly excreted in the rat under
these exposure conditicns. About 95% of the administerad dose is
eliminated within 18 days after the last atrazine exposure. For
the low and high dose groups of rats, respectively, the urinary
route accounted for 72.7% and 67.2% of tha elimination while
27.8% and 23.9% of the atrazine and/or its metabolites were
eliminated via the fecal route. Elimination of atrazine and/or
its metabolites by way of exhalation was not monitored or
reported. '

The tissues contained the remaining amount of the atrazine
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 group (0.1 rg/rat) ware founu at 10 days in the RBC
followed by liver, kidney and brain. 1In decreasing order, the
highest tissue levels of atrazine in the high dose group of rats
(1.0 mg/rat) at 8 days were: RBC, liver, kidney and brain. 1In
general, 10 days after the last dose of atrazine (at the 18-day
sacrifice), the RBCs, liver, kidney and brain had minimal levels
(about 1%) of atrazine and/or its metabolites remaining. Under
these exposure conditions, atrazine does not accumulate in these
tissues in rats repeatedly exposed to atrazine. The pattern of
atrazine tissue distribution found in this report was similar
that ftound in female rats exposed to a similar dosage regimen
(MRID No. 404313-05, Study No. ABR-87087).

Classification: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment Guidelines, Subdivision F §85~1 have been
satisfied only for reporting the distribution and excretion of
atrazine in male rats. However, all of the data requirements for
metabolism studies set forth in §85-~1 have not been reported.
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 HATERIALS:

Description: Atrazine

. " Batch #: Not reported in this study
. Purity: Not provided in this summary report for the

nonradiclabeled compound.
Radiolabeling procedura:
All carbons in the triazine moiety of atrazine ware
replaced with carbon-14. The specific activity of the
radiolabeled coxpound were 13.5 microCuries/mg and 12.9
microCuries/mg for the 1low and high dose groups,
respactively. The purity of tha radiclabelad test
compound was reported to be > 97.5% ascertained by a
thin-layer chromatography system.

- Test Animals:

Species: Rat (male)

Strain: Harlan Sprague-Dawley

Age: Not provided in this report.
~ Weight (mean): 250g

Source: Harlan Madison, WI



III.

STUDY DESIGN:

" Animals were assigned randomly te the following test

groups:

Table 1 \
Animal Assignwent in this Study
(Atrazine Matabolisa Experiment)

Daily oral Day Duration

Test ~ Dose Given® Rats of of
Groyp —(mg/kqg) ﬂﬁlﬂl——ﬁ-ﬁiﬂnss__ﬁmum

2 Low 0.4 3 5 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
Low 0.4 3 18 7

3 High 4.0 3 5 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

=

After the last oral dose was given, tne urinary and fecal
levels orf radiocactivity werae measured at 24-<hour
intervals in the group of rats exposed for 18 days.
Animals were individually Placed in metabolism cagas for
the collection of feces and urine. There was no control
group.

Doge Method: Atrazine was given orally (via a stomach
tube) to the rats as a radiolabeled active ingredient. The
250 g rats were given 0.: mg/rat (low dose) or 1.0 rg/rat
(high dose). The vehicle was in the aqueocus Carbowax-200
(PEG 200) formulation (0.3 ml ethanol:0.2 nl water:l.5 ml
PEG 200). The rats were allowed free access to animal feed
and tap water.
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C. Statistics:

.. The following procedure was utilized in analyzing the
nunmerical daca: '

. . The SOP method of wolf and Sumner, AG-27s,
"Statistical mathecds in the neasurament of radioictivity"
wers used to calculate ppm~equivalents of the léc.label
obtained from the rats.

D. Quality Assurance:

was studied. According to the statement, the Zood
Laboratory Practice methods were fcllowed in this study.
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METHODS :

'Mm: The frequency of clinical observations made
on.these rats was not provided in this study.

L%iﬂmmusmeD_m There were no
,t’reatment-related deaths reported in this study.

The procedure was conducted to

: otocol:
assess the metabolism of atrazina, .

Thrae male rats in each group were repeatedly dosed

‘and then sacrificed 5, 7, 9, 10, 14, and 18 days after

dosing was initiated (for datails, see Table 1). OUrine and
feces werue collected for analysis from the racs expcsed for
the 18-day peried. The rata were sacrificad and the
following selected tissues were analyzed for 1l4¢ content

(Figure 1).
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FIGURE 1

Digestive system - gardiovas Neurolo al

' | Tongue | | Aorta=® [X | Brain=,@

i | Salivary glands# | | Heart=»e | | Peripheral nerves*#
| | Esophagus* | | Bone marrcwri | | Spinal cord (3 levels) >
|X | Stemachn» | | Lymph nodes# | | Pituitarys

{X | Duodenum* | | Spleene I | Eyes (optic n.)*§
jX | Tejunum=* I” | Thymus#*

iX | Red blood cell Glandular

1X | Ileum»* Broge | | Adrenal gland#»

| | Cecum=# |X | Kidneys#+@ | | Exorbital lacrimal gland#
|X | Colon#* | 1 Bladder=* | | Mammary gland*$

| | Rectum# | | Testes*ta | | Parathyroidg=++

IX | Liver =*+*g [ | Epididymides | | Thyroidsg#++

| | Gall bladder=3# | | Prostate

| | Pancreasg# | | Seminal vesicle| | Bone (femur) »#
Respiratory | ] ovaries**@ |X | Muscle=#e

| | Trachea*# | | Uterus=e | | Skin=*#

| | Lung=*e | 1 Cervix | | All gross lesions
| | Noser | | Fallopian tubes and masses*

! | Pharynx~ IX | Residual cCarcasse
| | Larynx~ X | Fate

¥ | Plasma (blocod) e

* Required for subchronic and chronic studies.

~ Required for chronic inhalation.

# In subchronic studies s examined and preserved only if indicated

signs of toxicity or target organ involvement.

T organ weight required in subchronic and chronic studies.
++ Organ weight required for non-rodent studies.

€ Required for determining distribution in metabolism studies.

that,

the
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RESULTS:
B. e olls

To examine the metabolism of atrazine in rats, two
doses were employed, 0.4 and 4.0 mg/kg of l4c-atrazine was
given to rats and the l4c-label was measureg in selected
tissues and in the rats exposed for l8-days, urinary and
fecal levels of l4c-label ware monitored. i recovery of
103.9% and 93.4% was found for the low and high dose
groups, respectively. For the low and high dose groups,
respectively, the urinary route accounted for 72.74% and
67.2% of the elimination whereas 27.79% and 23.92% of the
l4c-1abel was eliminated via the fecal route. The author

reports that about 95% of the administered dose is

eliminated within 48 hours after the last exposure.

The tissues contained the remainder of the lic-1abel
(Tables 2 and 3). The highest tissue levels in the low
dose group (0.1 mg/rat) were found at 10 days in the RBC
(1.95 ppm) followed by liver (1.10 ppm), kidney (0.74 pp’)
and brain (0.38 ppm) and are listed in Table 2. The
highest tissue levels of l4c-label, in decreasing order, in
the high dose group of rats at 8 days were found as such:
RBC (21.66 ppm), liver (6.40 ppm), kidney (5.28 Ppu) and
brain (2.48 ppm). In general, 10 days after the last dose
of 14C-atrazine (at the 18-day sacrifice), the RBCs liver,
kidney and brain had minimal levels (about 1%) of l4c japel
remaining. The remaining tissues had lower levels of l4c-

days. The peak tissue 1levels 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
muscle had the highest levels followed by the liver and
RBC. Percentage of tissue levels were highest in those
rats sacrificed 4 days after initial atrazine exposure
(Table 3).
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VI. DISCUSSION

This report is a balance study of the disposition of
atrazine in male rats reneatedly 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
eliminated within 18 days after the last atrazine exposurae. 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 administered radiolabeled atrazine
for the high and 1lov dose groups was 93.4% and 103.9%,
respectively.

Atrazine appears to be rapidly excreted in the rat under
these exposure conditions. About 95% of the administered dose is
eliminated within 18 days after the last atrazine exposure. For
the low and high dose groups of rats, 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 metabolites were
eliminated via the fecal route. Elimination of atrazine and/or
its metabolites by way of exhalation was not monitored or
reported.

The tissues contained the remaining amount of the atrazine
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 group (0.1 mg/rat) were 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 8 days were: RBC, liver, kidney and brain. 1In
general, 10 days after the last dose of atrazine (at the 18-day
sacrifice), the RBCs, liver, kidney and brain had minimal levels
(about 1%) of atrazine and/or its metabolites remaining. Under
these exposure conditions, atrazine does not accumulate in these
tissues in rats repeatedly exposed to atrazine. The pattern of
atrazine tissue distribution found in this report was similar
that found in female rats exposed to a similar dosage regimen
(MRID No. 404313-05, Study No. ABR-87087).

Classification: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment Guidelines, Subdivision F §85-1 have been
satisfied only for reporting the distribution and excretion of
atrazine in male rats. However, all of the data requirements for
metabolism studies set forth in §85-1 have not been reported.

PCl/reports/atrametb. 008
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Reviewed by: Sanford W. Bigelow, Ph.D. //ff/ﬁﬁ “ :740/42f
Section VI, Toxicology Branch (TS-769C) o/ /
Secondary reviewer: Robert P. Zendzian, Ph.D. /,7ﬂ /r4Fs
Tertiary Reviewer: Judith W. Hauswirth, Ph.D.

Section VI, Toxicology Branch (TS-769C) 9k~4&d&.&u .

DATA EVALUATION REPORT

I.  SUMMARY:
STUDY TYPE: Dermal Absorption - rat (85-3) CASWELL NO: 63
ACCESSION NUMBER: , MRID NO.: 404313-10

TEST MATERIAL: Atrazine
SYNONYMS: 2-Chloro-4-ethylamino-6-isopropylamino-g-triazine

STUDY NUMBER: ABR-83081

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

TESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greensboro, NC 27419

TITLE OF REPORT: Excretion Rate of l4c-Atrazine From Dermally
Dosed Rats (General Metabolism).

AUTHOR: G.J. Marco
REPOR SSUED: October 20, 1983
CONCIUSIONS:

This report describes a dermal penetration study of
atrazine in rats. The percentage of dermally-applied atrazine
that was excreted in the urine or feces was reported to be
dependent on the atrazine dose (0.025, 0.25, 2.5 or 5.0 mg/kqg) .
Urinary excretion was the major route of elimination that ranged
from 36.9% in rats dermally-exposed to 0.25 mg/kg to 58.8% in
rats exposed to 5.0 mg/kg atrazine. Of the atrazine that was
absorbed through the skin, about 75% of the atrazine and/or its
metabolites were eliminated in the urine or feces within 72 hours
atfter dermal exposure.

The pattern of urinary and fecal excretion was similar for
the 4 dosages: cumulative urinary and fecal levels of atrazine or
its metabolites were found to plateau at about 120 hours after
dermal exposure. Surprisingly, the percent of dose that was
excreted in the urine and feces increased with an increase in
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dosage. A small percentage of the dermally-applied atrazine
remained on the skin and was present in skin washes. Lower
percentages of the dermally-applied dose were found retained in
the skin and in skin washes in those rats given highar deses of
atrazine.

Assuming that (1) no atrazine was lost from the dermal
application procedure and that (2) the percentage of atrazine
unrecovered after 144 hours of measurement was distributed in the
rat, 60% to 80% of the dermally-applied dose of atrazine was
absorbed through the skin of the rat witihiin 144 hours of
exposure.

Classification: Unacceptable: This classification is
based on the following reasons:

1) The solvent tetrahydrofuran was used to dissolve
atrazine for dermal application. It is not stipulated
by the registrant whethar tetrahydrofuran is the
solvent used for field application. Since the dermal
absorption of a compound is dependent on the solvant,
the use of an inappropriate solvent will yield '
irrelevant data regarding dermal absorption.

2) The dermal site of application was not covered by a
material that prevents the test substance from
exfoliating, or flaking off the skin (a canopy that
does not come in contact with skin). Exfoliation of
the test compound would both decrease the amount
available for absorption and contaminate the urine and
feces.

3) Only a few tissues, not the complete set uf tissues,
were excised and saved for future measurenent of the
levels of atrazine and its metabolites as required by
the recommended testing procedure. Furthermors, the
distribution of dermally-~applied atrazine in these
selected tissues and residual carcass were not
investigated in this study.

4) Individual animal data were not reported.

5) In general, for most compounds, the quantity of test
substance absorbed will increase with increasing dose,
however, the percent of dose absorbed should decrease
with increasing dose. This relationship was not found
in this study. This anomaly may be the result of using
tetrahydrofuran as the vehicle.
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‘Test compound: Atrazine

Description: Not provided in this study.

Batch #: Not provided in this study.

Purity: Not provided in this study for the

nonradiclabeled compound.

Radiclabeling procedure:
All carbons in the g-triazine moiety of atrazine were
replaced with carbon-14. The specific activity of the
radiolabeled compound was 17.2 micrcCuries/mg. The
purity of the radiolabeled test compound was not
reported. The radiolabeled compound was dissolved in
tetrahydrofuran.

Test Animalg:

Species: Rat (female)

Strain: Harlan Spragque-Dawley

Aga: Not reported in this study.
Weight: About 200g

Source: Harlan Sprague-Dawley Madison, WI.

Animals were assigned randomly to the following test
groups:

Table 1
Animal Assigmnment in this Study
(Atrazine Metabolism Experiment)

Single Dose Day
Test Given2 Rats of
Group (mg/kq) {female) Sacrifice
1l Low 0.025 2 6
2 Mid 0.25 2 -]
3 Mid 2.5 2 6
4 High 5.0 2 6
a

After the last dose was given, the urinary and fecal
levels of radicactivity were measured at 24-~hour
intervals for 6 days. Animals were individually placed
ininetabolism cages for the collection of feces and
urine.
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Doge Method: Atrazine was given dermally to the ruts as a
radiolabeled active ingredient dissclved in
tetrahydrofuran. The concentration of 14c-atrazin: in the
tetrahydrofuran was not reported. The rats were ailowed
free access to animal feed and tap water.

Statistics: ’

B No statistical procedures were utilized as reported in
this study.

Quality Assurance:

. A signed quality assuranca statement was provided by
a quality assurance I-spector from the registrant, the
laboratory where the ietabolism of radiolabeled atrazine
was studied. Accord.ng to the statement, the Good
Laboratory Practice methods were not applicable to this
study.
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Observations: The frequancy of clinical observations made
on these rats was not provided in this study.

¢ There were noc

treatment-related deaths reported in this stucdy.

erj : The procedure was conductaed to

-assess the metabolism of atrazine. iho 200 g rats wvere
‘given 0.025, 0.25, 2.5 or 5.0 mg/kg 14 '

C-atrazine.

"The dorsal hair of [the] rats was shaved with an
electric clipper using a surgical shaving head.
Only the rats with their stratum corneum intact
were selected for treataent. A 1.5 square cm.
area was marked on the shaved area and between 15
and 20 ul ((microliter)) of the apropriate [sic]
solution containing the l4c-atrazine was applied.
The treataed area on the rat's back was selected
to minimize possible oral ingestion of the
compound and the rear of the rats were shackled
with short length jewelry chain to prevent
scratching of the treated area."

Urine and feces were collected for analysis from the rats
exposed for the 18-day period.

The rats were sacrificed and the following selected
tissues were collected "and stored for future use if
needed" (Figqure 1). The treated area of skin was washed
with 100 ml of tetrahydrofuran for 24 hours to determine
the unabsorbed percentage of the l4c-atrazine. The washed
skin was then placed in tissue solubilizer to determine
levels of l4c-atrazine absorbed into the skin.

FIGURE 1
TISSUES EXAMINED IN THIS STUDY

| Heart |X | Spleen }X | Kidneys
| Liver |X | Lung |X | Residual Carcass
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- The percentage of dermally-applied 14c-atrazine cthat was
excreted in the urine or feces was reported to be dependent
on the l4c-atrazine dose. Urinary excretion was the major
route of elimination and ranged from 36.9% in rats dermzlly-
exposed to 0.25 mg/kg l4c-atrazine to 58.8% in rats exposad
to 5.0 mg/kg l4c-atrazine (Table l). Most of the l4c-label
was eliminated in the urine or feces within 48 hours after
dermal exposure (Table 2). The pattern of urinary and fecal

‘exéretion, (i.e., comparing the micrograms pPer square

centimeter of dermally-applied l‘c-atrazine to the micrograms

of excreted 14c-1aha%z was sinilar for the 4 dosages: urinary

and fecal levels of
120 hours.

C-label were found to plateau at about

A small percentage of the dermally-applied l4c-atrazine
remained on_the skin and was present in skin washes. about
10% of the léc-label was recovered in the skin wash from the
rats treated with 0.025 mg/kg 4c-atrazine, about 5% was
recovered in the 0.25 mg/kg group, almost 4% in the 2.5 mg/kg
group, and less than 1% was found from rats treated with 5.0
mg/kg l4c-atrazine. The percentage of the dermally-applied
dcse retained in the skin was (at mg/kg dose): 0.72% (0.25),
0.56% (0.25), 0.16% (2.5), and 0.11% (5.0). Lower
pPercentages of the dermally-applied dose were found retained
in the skin and in skin washes in those rats given higher

Assuming that (1) no l4c-atrazine was lost from the
dermal application procedure through exfoliation of the skin
and that (2) the percentage of léc-atrazina unrecovered after
144 hours of measurement was still distributed ip the rat:

© in the rats treated with 0.025 mg/kg l4c-atrazine had a
total of about 60% of the ldc-labe) absorbed through
the skin,

© rats given 0.25 mg/kg l4c-atrazine absorbed about 76%
of the dermally applied dose,

© the group that received 2.5 mg/kg l4c-atrazine absorbed
around 76% of the dose, and

o the group of rats administered 5.0 ng/kg 14c-atrazine
absorbed about 80% of the dermally-applied dose

as measured at 144 hours after exposure.
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VI. DISCUSSION:

This report describes a dermal penetration study of
atrazine in rats. The percentage of dermally~applied atrazine
that was excreted in the urine or feces was reported to be
dependent on the atrazine dose (0.025, © 25, 2.5 or 5.0 mg/kg).
Jrinary excretion was the major route or eliminatior that ranged
from 36.9% in rats dermally-exposed to 0.25 ng/kg to 58.8% i
rats exposed to 5.0 mg/kg atrazine. Of the atrazine that was
absorbed through the skin, about 75% of the atrazine and/or its
zetabolites were eliminated in the urine or feces within 72 hours
after dermal exposure.

The pattern of urinary and fecal excretion was similar fer
the 4 dosages: cumulative urinary and fecal levels of atrazine or
its metabolites were found to plateau at about 120 hours atter
dermal exposure. Surprisingly, the percent of dose that was
excreted in the urine and feces increased with an increase in
dosage. A small percentage of the dermally-applied atrazine
remained on the skin and was present in skin washes. Lower
percentages of the dermally-applied dose were found retained in
the skin and in skin washes in those rats given higher doses of
atrazine.

Assuming that (1) no atrazine was lost from the dermal
application procedure and that (2) %he percentage of atrazine
anrecovered after 144 hours of measurement was distribute? in the
rat, 60% to 80% of the dermally-applied dose of atrazine was
absortbed through the skin of the rat within 144 hours of
2Xposure.

Classification: Unacceptable: This classification is
Dased on the foliowing reasons:

1) The solvent tetrahydrofuran was used to dissolva
atrazine for dermal application. It is not stipulated
by the registrant whether tetrahydrofuran is the }
solvent used for field application. Since the dermal
absorption of a compound is dependent on the solvent,
the use of an inappropriate solvent will vield
irrelevant data regarding dermal abscrption.

2) The dermal site of application was not covered by a
material that prevents the test substance from
exfoliating, or flaking off the skin (a canopy that
does not come in contact with skin). Exfoliation of
the test compound would both decrease the amount
available for absorption and contaminate the urine and
feces.
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3) Oonly a few tissues, not the complete set of tissues,
were excised and saved for future measurement of the
levels of atrazine and its metabolites as required by
the recommended testing procedure. Furthermore, the
distribution of dermally-applied atrazine in these
selected tissues and residual carcass were not
investigated in this study.

4) Individual animal data were not reported.

5) In general, for most compounds, the quantity of test
substance absorbed will increase with increasing dose,
however, the percent of dose abscrbed should decrease
with increasing dose. This relationship was not found
in this study. This anomaly may be the result of using
tetrahydrofuran as the vehicle.

PCl/reports/atrametb.009 - 1 2 3



Reviewed by: Sanford W. Bigelow, Ph.D. /% 4 / I/{ iid

Section VI, Toxicology Branch (TS-769C)

Secondary reviewer: Judith W. Hauswirth, Ph.D.9 Lk D WWUL

S-769C
Section VI, Toxicology Branch (T ) ;/ s
DATA EVALUATION REPORT
I. SUMMARY :
STUDY TYPE: Metabolism - rat (385-1) CASWELL NO: 63
c ON s MRID NO.: 404313-04

TES TER ¢ Atrazine

SYNONYMS: 2-Chloro-4-ethylamino-6-isopropylamino-g-triazine
STUDY NUMBER: ABR-87048

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.O. Box 18300

Greensboro, NC 27419 Thonas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
Box 18300 Greensboro, NC 2741S
-and=-

SRI International, 333 Ravenswood Ave., Mnelo
Park, CA 94025 (Study No. LSC-1469)

TITLE OF REPORT: Disposition of Atrazime in the Rat (General
Metabolism).

AUTHOR: G.R. Orr
REFORT ISSUED: October 23, 1987
CONCLUSIONS:

The distribution of atrazine in rats was found to be dose-
dependent and independent of sex. 07 the tissues studied, the
red cells store the highest 1lavels of atrazine, apgarently
througk the covalent binding of a metabolite. 1In rats given a
single oral dose of 100 rg/kg atrazine, ir decreasing order, the
levels found in the following tissues we _:: red blocod cells, -
heart, spleen, 1lung, 1liver, kidney, bra.n, gonads, pituitary,
muscle, bone, fat, and plasma. In rats given repeatad daily
oral doses of 1 mg/kg atrazine, in decreasing order, the levels
found in the following tissues were: red blood cells, 1liver,
spleen, kidney, lung, heart, pituitary, brain, gonads, muscle,
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 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 atrazine (MRID Nos. 404313-05
and 404313-0¢). v

The distribution of atrazine was reportaed to follow first-
order kinetics. Two major relationships are found: (1) the whole
body half-life, or t;,;, and the volume of distribution, or Vg,
ara2 independent of (hc dose of atrazine and (2) the plasma
concentration of atrazine or its metabolites are directly
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine exposure showed that
the whole body half-life (t; /2) ©of atrazine or its metabolites is
31.3 hours (1.3 days) in rats. These reported findings further
indicate that atrazine doces not accumulate under this exposure
regimen in the rat.

Excretion of atrazine in rats. About 95% of the atrcazine
administered orally is excreted within 7 days after cessation of
axposure. 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 whereas about 20%
of the atrazine is eliminated in the feces. The elimimation
route for the remaining 5% was not reported. Also, the level of
atrazine elimination by exhalation or through the skin (sweating)
was not reported.

Summary. The whole bedy half-life of 1.30 davs for atrazine is
consistent with the observation that about 95% of the
administered dose is eliminated within 7 days after expocsure.
The red 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 dces not
accumulate in the rat.

Classification: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment Guidelines, Subdivision F §85-1 have been
satisfied only for reporting the distribution and excretion of
atrazine in male rats. However, all of the data requirements for
metabolism studies set forth in §85-1 have not been reported.
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Igg;;zumggngz . Atrazine (2=-chloro-4-ethylazino-6-

isopropylanino~g~-triazine)

Description: Not provided in this summary report.

Batch #: Not provided in this summary report. ,

Purity: Not provided in this summary report :isr the

nonradiolabeled compound.

Radioclabeling procsdure:
All carbons in the triazine moiety of atrazire were
replaced with carbon-l14. The specific activity of the
radiolabeled compound was 9$5.8 microCuries/img in low
dose experiments and 1.06 microCuriez’/mg in the high
dcse experiments. The purity of the radiolabeled test
compound was reported to be > 98% ascertained by two
different thin-layer chromatography systems.

Test Animals:

Species: Rat ,

Strain: Sprague-Dawley CD

Age: Not provided in this report.

Weight (mean): 160-225g

Source: Charles River Breeding Laboratories, Portage, MI
(refer to p. 59 of this study).

STUDY DESIGN:
2aimal Assiganment:

Animals were assigned randomly to the following test
groups:

Animal Assigmment in this Study
(Atrazine Elimination and Distribution Experiment)

Daily Oral Duration

Test Dose Given? Rats of

Group (ma/kg) male female = Exposure

a

1 Control 0.0 4
2 Low 1.0 5
3 High 100.0 5
4 SubQ 1.0 5

none
1 day
1 day
15 days

LURS N

After the last oral dose was given, the urinary and fecal
levels of radiocactivity were measured for 7 days.
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Animals were individually placed in metabolism cages for
the collection of feces and urine. The collection of
retabolite was conducted at SRI Internaticnal. The
samples wers then shipped to the CIBA~GEIGY laboratory in
Greensboro, NC for analysis.

Dose Method: The rats were allowed a one-week acclimation
period prior to initiation of experimentation. Atrazine

‘was given orally (via a atomach 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 allowed free access to animal feed

. (Purina) and tap water.

Statistics:

The following procedures were utilized in analyzing
the numerical data:

One- and two-way analysis of variance (ANOVA) was used
to assess the statistical significanca of results between
dose, treatment groups or sex. When appropriate, Dunnetts
or Newman-Keuls t-tests were performed to assess
differences between group means.

For generating the kinetic models, the excretion data
was used. This evaluation was performed by I.W.F. Davidson
of Bowman Gray School of Medicine. Additional kineti-
parameters such as rate constants, half-life values, and
alpha and beta distribution values were obtained with the
use of the ESTRIP and PCNONLIN computer programs calculated
by C.M. Metzler and D.L. Weiner (Statistical Consultants,
Edgewood, KY).

Quality Assurance:

A signed quality assurance statement was provided by a
quality assurance inspector from SRI International, the
subcontracting laboratory where the metabolism of
radiolabeled 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 Requirements 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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;thm_mg: The frequency of clinical observations made

on these rats was not provided in this study.

Thers were no

‘treatment-related deaths reported in this study.

: The procedure was conducted to

assess the distribution (and elimination) of atrazine.

As shown in Table 1, three groups of rats (5 males and

5 fenmales) were treated orally Y th atrazine. The first

group received a single dosa of C-atrazine at 1 mg/kti; a
second group were given a single dose of 100 mg/kg l4c-

atrazine; and a third group received daily doses of 1

ng/kg of nonradiolabeled igrazinc for 14 days and on day
15, was given 1 mg/kg C-atrazine. A control group

received vehicle only.

Following the last dose of l4c-atrazine in each group,
the feces and urine were measured in each animal for 7
days. Following this, the rats were sacrificed and the
urine, feces, and red blood c.]i':ls, and the following
selected tissues were analyzed for 14c content (Figure 1).
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Tongue

Salivary glands»
Esophagusg#*
Stomachw#
Duodenum#
Jejunum#»

Rectum#

Liver »*g

Gall bladder=*¢
Pancreas#*

| | Aortaw IX | Braine @
|X | Heart=@_ I | Peripheral nerve*¢
| | Bone marrow:# | | Spinal cord (3 lavels) »#
| | Lymph nodes# IX | Pituitary+ '
|X | Spleene I | Eyes (optic n.)*#
| | Thymuse
IX | Red blood cell Glandular
Urogenital | | Adrenal gland»
[X | Kidneys»+g | | Exorbital lacrimal gland¢
| | Bladders iX | Mammary gland*§
|X | Testes»*eg | | Parathyroidsa*
| | Epididymides | | Thyroids#*++
| | Prostate
| | Seminal vesicle|X | Bone (femur) »#
IX | ovariesstg 1X | Muscle*$@
IX | Uterus=+¢ I | Skinw»g
| | Cervix | | All gross lesions
Il

Fallopian tubes and nassesg*
|X | Residual Carcass@
|X | Fate

|X | Plasma (blood)e

Required for subchronic and chronic studies.

Required for chronic
In subchronic studies,
signs of toxicity or
Organ weight required
Organ weight required

inhalation.
examined and preserved only if indicated
target organ involvement.

in subchronic and chronic studies.

for non-rodent studies.

Required for determining distribution in metabolism studies.
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Five male and 5 female rats were used tc assess the
disposition and elimination of atrazine after acute or
subchronic exposure. Table 2 shows that the total recovery
of atrazine averaged 102.9% for the group given a single
dose of 1 mg/kyg l4c-atrazine, 103.2% for the group cof rats
given a single dose of 100 mg/kg l4c-atrazine, and 88.3%
for the group of rats given a daily dose of 1 ng/ kg
atrazine followed by a single dose of 1 mg/kg l4c-atrazine
on day 15 (referred here as “he subchronic group).

Concerning the elimination of atrazine or its
metabolites, approximately 95% of the l4c-label was
sxcreted within 7 days of the last @#Xposure (Table 2). In
all 3 groups of rats, roughly 75% of the 214c-label wvas
excreted in the urine whersas about 20% of the 14c-1abel1
was eliminated in the feces. Both discussion of other
routes of elimination and the remaining 5% of the
administered atrazine were not reported.

Howaver, differences between dosage groups for tissue-
borne l4c-label were observed. & statistically significant
decrease (p <0.05) in the mean level of tissue~-borne léc-
label was found in those rats given a single dose of 100
mg/kg when compared to the group of rats who received a
single dose of 1 mg/kg atrazine. Also, a statistically
significant decrease (P <0.05) in the mean level of tissue~

treated with atrazine when compared to the group of rats
who received a single dose of 1 mg/kg léc-atrazine. No
differences were observed between sexes regarding l4c-label
in the ‘urine feces, and the tissues measured 7 days after
exposure to l4C-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 dose
administered, i.e., the concentration for the high dose
single exposure group (100 mg/kg) was about 100 times that
of the low dose single exposure group (1 mg/kg), and the
tissue concentration of the subchronic group (1 ng/kg for
15 days) was the same (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 cells or any other tigsues
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'uhdor this exposure regimen. This assertion is based on
the observation that tissue concentrations wera the sanme in
the acute and subchronic exposure groups (Table 3).

_, . he high concentration of l4c-jabe: reported in the
red blood cell is discussed in further detail. The author
suggests that l4c-label binding in the red bloocd cell is
the produ of a covalent interaction between the triazine
noiety of 14c-atvazine and the cystaeinal sulfthydryl groups
in the rat hemoglobin macromolecule.

: The iuaininq tissues listed in Tablae 3 show lower
levels of l4c-atrazine and its metabolites. Also, in these
tissues, the ratio of 4c-1label binding was proportional
lower than the adainistared dose, e.g.,
concentrations in the subchronic group were lower than
that for the acute eXposure group (Table 5). This finding
provides evidence that atrazine or itg Betabolites appear
not to accumulate in any tissues under this exposure
regimen, However, cunmulative binding of atrazine
hetabolites in RBCs after chronic exposure may occur.

- The whole body half-lifre (t3/2) of

C-label was 31.3 + 2.8 hours (1.3 days) was ulcﬂ ated
from the urinary éxcretion data. The author reported that
the data best fits an open two-compartment toxicokinetic
model. In addition, no statistically significant
differences were reported between treatnent groups or sex
regarding the values for: alpha, beta, kyo, k32 and kyy or
tre whole body t1/2 value.
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V. DISCUSSION:.

The distribution of atrazine in rats was found to be dose-
dependent and independent of sex. Of the tissuaes studied, the
red cells store tha higheat levals of atrazina, apparently
through the covalent binding of  a metabolite. 1In rats given a
single oral dose of 100 ng/kg atrazine, in decreasing order, the
levels found in the following tissues were: rad blood cells,
heart, spleen, lung, liver, kidney, brain, gonads, pltuitary,
muscle, bone, fat, and plasma. In rats given repeated daily
oral doses of 1 mg/kg atrazine, in dacreasing order, the lavels
found in the following tissues were: red blood cells, liver,
spleen, kidney, lung, heart, pituitary, brain, gonads, muscle,
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 blood 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. 404313-05
and 404313-09).

The distributicn 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 V4,
are independent of e dose of atrazine and (2) the plasma
concentration of atrazine or its mnetabolites are directly
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine sexposure showed that
the whole body half-life (t)/;) of atrazine or its metabolites is
31.3 hours (1.3 days) in rats. These reported findings further
indicate that atrazine does not accumulate under this axposure
regimen in the rat.

Excretion of atrazine in rats. About 95% of the atrazine
administered orzily is excreted within 7 days after cessation of
expcsure. The ro.:e of atrazine excretion was reported to be
independert of the dose and sex of rat. About 75% of the
atrazine is excretad through the urinary route whereas about 20%
of the atrazine is eliminated in the feces. The elimination
route fcr the remaining 5% was not reported. Also, tha level of
atrazine elimination by exhalation or through the skin (sweating)
was not reportaed.

Summazy. The whole 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 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.
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classification: Acceptable: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assassment Guidelines, sSubdivision P 885-1 have been
satisfisd only for reperting the distribution and excretion of
atrazina in male rats. Hcwever, all of the data requirements for
metabolisz studies set forth in §85~1 have not been reported.

PCl/reports/atrametb. 004
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Section VI, Toxicology Branch (TS-769C) ~ / “
Secondary reviewer: Judith W. Hauswirth, Ph.D. - Auete 1D - Lo itk
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DATA EVALDATIO REPORT

I. ;SQBHBBI:

w: Metabolism - rat (85-1) CASWELL NO: 63
AQQE&Siéﬁ.HHHBEB: | MRID NO,: 404375-01
I_E_slm: Atrazine

m: 2-Chloro-4-ethylamino-6-isopropylamino-g~-triazine
STUDY NUMBER: ABR-87116

SPONSOR:  CIBA-GEIGY Corp., Agricultural Division, P.O. Box 28300

Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept., P.O.
: Box 18300 Greensboro, NC 27419

TITLE OF REPORT: A Summary of the Disposition, Kinetics and
Metabolism of Atrazine in the Rat (General
Metabolism).

AUTHOR: G.R. Orr
REPORT ISSUED: November 17, 1987
CONCIUSIONS: -~

The summary data regarding the distribution, metabolism and
the elimination of atrazine were provided in this report. To
this end, three ' ‘parate experiments were conducted with the use
of three groups . ' rats. Radiolabeled atrazine (triazine ring,
uniformly labeled) was used by the author to measure the
disposition of atrazine and/or its metabolites in the rat. The
first experiment was performed to 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
metabolites of atrazine formed by the female rat. The
absorption of atrazine in male or female rats was not reported.
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Absorption of atrazine in rats. No data was provided in this
summary report regarding the absorption of atrazine in rats.

. The distribution of atrazine
in rats was found to be dose-dependent and independent of sex.
Of the tissues studied, tha red blcod cells store the highest
levels of atrazine, apparently through the covalent binding of a
metabolite. In rats given a single dose of 100 mg/kg atrazine,
in decreasing order, the levels found in the following tissues
were: heart, spleen, lung, 1liver, kidney, brain, gonads,
pituitary, muscle, uterusg, bone, fat, and plasma. Under the
exposure regimen used in this study, atrazine does not accumulate
in the tissuas of the rzt, except perhaps for the red blood cell.

The pattern of tissue distribution of atrazine in rats
repeatedly exposed differs from that of rats given a single
exposure of atrazine. In rats given repeated daily oral 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, mnuscle, bone, fat, and
plasma. Under the exposure regimen used in this study, atrazine
does not accumulate in the tissuas of the rat, except perhaps for
the red blood cell. The pattern of atrazine tissue distribution
for atrazine in this study is similar to that found in rats
repeated exposed to atrazine (see MRID Nos. 404313-04, 404313-05
and 404313-09 for mcre detail).

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 Vg,
are independent of i./h- dose of atrazine and (2) the plasma
concentration of atrazine or its metabolites are directly
proportional to the dose of atrazine. Plasma concentrations of
atrazine measured during and after atrazine exposure showed that
the whole body half-life (tj/p) of atrazine or its metabolites is
38.6 hours (1.61 days) in ridts. These reported findings further
indicate that atrazine doea not accumulate under this exposure
regimen in the rat.

As mentioned above, the highest level of atrazine was found
in the RBC. The estimated half-life of 8.14 days in RBCs (as
compared to the whole body half-life of 1.61 days) indicates that
extensive binding of atrazine or its metaboclites in RBCs was
occurring. Howaver, after cessation of multiple exposure, the
concentration of atrazine or its metabolites in RBCs declined at
all doses except for the highest dose, 100 mg/kg atrazine.
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Excretion of atrazine in ruts. About 95% of the atrazine
administered orally is excroted 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 whereas 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 (sweating)
was not reported.

Metabolism of atrazine in 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 substituents of atrazine appears to
be a minor and secondary metabolic routa.

The author argues that a "carbon-sulfur lyase," cleaves the
glutathione residue from an atrazine metabolite to produce a
thiol-containing atrazine metabolite. The author further posits
that the action of the lyase results in the covalent binding of
the thiol-containing atrazine metabolite to hemoglobin in the
red blood cell, a finding from the multiple exposure studies
(depicted in Table 7). However, the author has not provided
evidence in this study whether lyase is present in red blood
cells.

Summary. The whole body half-life of 1.61 days for atrazine is
consistent with the observation that 95% of the administered dose
is elimination 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. Under the dose

regimen employed in this study, atrazine does not accumulate in
the rat.

Classiftication: Acceptabla: This classification is based
on the fact that the methodology requirements established in the
Pesticide Assessment Guidelines, Subdivision P §85-1 have been
satisfied cnly for reporting (1) the identity of urinary
metabolites of atrazine in female rats as well as (2) the
distribution and excretion of atrazine in male and female rats.
However, all of the data requirements for metabolism studies set
forth in Subdivision F §85-1 have not been reported, i.e., (a)
the urinary and fecal metabolites of atrazine ir male rats and
(b) the fecal metabolites of atrazine in females must be
identified to completely satisfy the §85-1 data reporting
requirements for the metabolism of atrazine in the rat.
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A. Test Compound: Atrazine (2-chlcro-4-ethylamino-6-
isopropylaninc-g-~triazine)

Description: Not provided in this summary report.

Batch #: Not provided in this summary report.

Purity: Not provided in this summary report.

Radioclabeling procedura:
All carbons in the triazina wmolety of atrazine were
replaced with carbon-14. [The specific activity of the
radiolabelad compound was not reported in this summary
report as required by FIFRA Subdivision P test
guidelines §835-1 (b) (2)(1).]

B. Test Animals:

Species: Rat (female and male)

Strain: Sprague-Dawley CD

Age: Not provided in this summary report.

Weight (mean): about 0.2 kg (reported only for
Experiment #3)

Source: Charles River

III. STUDY DESIGN:

Animals were assigned randomly to the following test
groups:

Table 1
Animal Assignment in this Study
(Atrazine Elimination and Distribution Experiment)

Daily Cral Curation
Test Dose Given? Rats of
Group ____ (mg/kq) male female  Exposure
1 Low 1.0 5 5 1 day
2 High 100.0 5 5 1 day
3 subQ 1.0 5 5 15 days

& After the last oral dose was given, the urinary and fecal

levels of radicactivity were measured for 7 days.
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Table 2
Animal Assigrment in this Study
(Atrazine Distribution Experiment)

Daily Oral Duration
Test Dose Given Rats of
Group _{ma/kqi {femala) Exposure (davs)
1 Control ¢] 2 10
2 Lowl (LDT1) 1.0 2 10
3 Lowz (LDT2) 3.0 2 10
4 Low3 (LDT3) 7.0 2 10
5 Low4 (LDT4) 10.0 2 10
6 Midl (MDT1) 50.0 2 10
7 High (HDT1) 100.0 2 10
Table 3
Animal Assigrment in this Study
(Atrazine Metabolism Experiment)
Daily Orail Duration
Test Dose Given Rats of
Sroup (ma/kdg) (female) Exposure (day)
1 High 100.0 5 1
2 Mia 16.2 - 19.6 8 1

Atrazine was was given orally to the
rats (via a stomach tube) as an active ingredient or as a
radiolabeled active ingredient. Animals were allowed free
access to animal feed (Purina) and tap wvater. The animals
were allowed a one-week acclimation period prior to
initiation of experimentation.
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Statistics:

The following procedurs was utilized in 2nalyzing the

numerical data:

Analysis of variance (ANOV2) was used to 2Esess the

'statistical significance of results between treatment
‘groups and soxas.

- Quality Assurancae:

A signed quality assurance statement was provided By
a quality assurance inspector from SRT International, the

.subcontracting laboratory whera the metabolism of
- radiolabeled atrazine was studied. According to the

statement, the Good Laboratory Practice methods vere
followed in this study. However, the analytical phase of
the metabolisnm study (as stated in Study No. ABR-87048) was
reported not meet the Good Laboratory Practices

ents 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 [thia}

final report ABR-87048."
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METHODS :

Qbservations: The frequency of clinical observations made
on these rats was not provided in thig summary report.

Mﬂmwmmz_mmn_mm: There were no
treatment-related deaths reported in this study.

: Three separata experiments were
conducted with the use of thraee groups of rats. The first
experiment was performed to assess the distribution and
elimination of " atrazine. The sacond experiment was
performed to assess in further detail the distribution of
atrazine, especially in the red blocd cell. The third
2xpariment was conducted to identify the atrazine
metabolites formed by the rat.

. As shown in Tables 1, 2, and 3,
respectively, three groups of rats (5 males and S5 femaleas)
were treated orally with atr&zina. The first group
received a single oral dose of l4c-atrazine at 1 mg/kg: a
sSecond group were given a single oral dose or -00 ng. kg
1“C-atrazine: and a third 9roup received daily oral doses
of 1 mg/kg of n:mradiolabtlcd atrazine for 14 days and on
day 15, was given 1 mg/kg l4c-atrazine.

Following the last dose of 14c—atrazinc in each group,
the feces and urine were collected in each animal fo5r
days, Following this, the rats were sacrifice® and tre
urine, feces, and red blood cells, and the following
selected tissues sere analyzed for l4c¢ content (Figura 1).
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FIGURE 1
Tongue | | Aorta=s IX | Brain»_ @
Salivary glands* |x | Heart+@ | | Peripheral nerve=#
Esophagqusg® | | Bone marrow*#§ I | Spinal cora (3 levels) 4
Stomach#» | | Lymph nodes® X | Pitui *
Ducdenum=# |X | Spleene | | Eyes (cptic n.)*#
JeJunums ix | Thzlm g;*od ell Glandular
- X | Re o c
Ileun» Urogenital | | Adrenal gland»
Cacun#* |X | Kidneys+*+@ | | Exorbital lacrimal gland#
Colon* | | Bladder+ IX | Mammary gland*
Rectum# |X | Testes=tg@ | | Parathyroidg#*
Liver »+g | | Epididymides | | Thyroids+++
Gall bladder*# | | Prostate
Pancreas» | | Seminal vesicle|X | Bone (femur) *#
j |X | Ovarieg#tg 1X | Musclexge
Trachea*# |X | Uterus#@ | | Skinw##
Lung+@ | | Cervix I | All gross lesions
Nosa~ | | Fallopian tubes and massesg*®
Pharynx~ IX | Residual carcasse
Larynx~ |X | Pate

IX | 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 involvement.

Organ weight required in subchrenic and chronic studies.

Oorgan weight required for non-rodent studies.

Required for deternining distribution in metabolism studies.

2. Experiment #2. As listed in Table 2, in an effort to study

atrazine as a function of the dose of atrazina and the time
of sacrifice, six groups of female Sprague-Dawley rats were
treated with l4c-atrazine wvhile another group of female
rats served as a control group. The groups of rats were
given a daily oral dose for 10 consecutive days at 0 mg/kg
(vehicle only), 1 'Q’kia 3 mg/kg, 7 mg/kg, 10 mg/kg, 50
mg/kg, and 100 »g/kg C-atrazine. The vehicle was an
aqueocus solution of corn starch/polysorbate-80. Urine and
feces were collected daily. At 24, 48, 72, 96, 144, 192,
219, 240, 264 and 288 hours, blood samples were obtained
via orbital puncture. Five milliliters of blood were
collected by aortal puncture at sacrifice. The tissues
selected for determining the distribution of l4c-1abel at
each dose are listed in Figure 2. oOne of the two animals

143




X

S G wrca m— G- .

R

m-t+ * > %

C0¢7i8
9

in each group was sacrificed 3 hours after the tenth dose
of l4c-atrazine and tha other animal in each group was
sacrificed 72 hours after the tenth doge of 14c-atrazina.
The distribution of l4c-label in the urine, feces, red
bloed cells, and the following selected tissues was
detarmined for each female rat (Figure 2). :

FICORE 2

| Tongue | | Aortaw I1X | Brain»_ @
| Salivary glands» | | Beart#@ | | Peripheral nervers
| Escphagus#* I | Bone marroww# | | Spinal cord (3 lavels) =32
| Stomach» | | Lymph nodes* |X | Pituitarys
| Duodenum* i | Spleen@ | | Eyes (optic n.)#*#
| Jejunum#* | | Thymus*

IX | Red blood cell Glandular
| Ileum* Urogenital | | Adrenal glande
| Cecum#* IX | Kidneys*+@ | | Exorbital lacrimal glands
| Colon* | | Bladder* IX | Mammary gland+*#
| Rectum# | | Testes»tg | | Parathyroidgs*+
| Liver *+@ { | Epididymides | | Thyroidss+*
| Gall bladder+*# | | Prostate
| Pancreas* | | Seminal vesicle] | Bone (femur)+#
s 1X | ovaries*te I | Muscler#e@
| Trachear$ | | Uterus+»@ | | Skinw# ,
| Lung#*e@ | | Cervix | | All gross lesions
| Nose~ ! | Fallopian tubes and massas*
| Pharynx~ | | Residual carcasse
| Larynx~ I | Fate

| | Plasma (blocd)e

Required for subchronic and chronic studies.

Required for chronic inhalation.

In subchronic studies, examined and preserved only if indica=ed
signs of toxicity or target organ involvement.

Organ weight required in subchronic and chronic studies.

Organ weight required for non-redent studies.

Required for determining distribution in metabolism studies.
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3. Experiment #3. As shown in Table 3, one group of fenale
rats was given a singla oral dose of atrazine in an effort
‘to produce sufficient levels of urinary metabolites of
atrazine for identification. Five adult female Spragque-
‘Davley rats (about 0.2 kg) were administered 100 ag/kg l4c-
atrazine. Samples of urine and faecss wvers cbtained at 24,
48, and 72 hours. After taking samples for 72 hcurs, the
rats were sacrificed and 5 ml of blood and the liver were
obtained.

. In another exposure trial, 8 rats were given a single
oral exposure of 16.18 - 19.64 mg/kg 4C-atrazine. Urinary
‘metabolites were collected over a 24-hour pericd following
treatment. Fromn this exposure, atrazine metabolites wers
positivaly identified by confirmation with infrared and
mass spectra,
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- RESULIS:

A. Distribution and Elinination of Atxazine and Its
Metabolites

« The 5 male and 5 female rats wers used to

assess tha disposition and elimination of atrazine after

single or multiple oral doses of atrazine. Table 4 shows

- that the total recovery of atrazine averaged 102.9% for the

group given a single dose of 1 mg/kg l4C-atrazine, 103.2%
for the group of rats given a single dose of 100 mg/kg lic-
atrazine, and 88.3% for the group of rats given a daily
dose of 1 mg/kg atrazine followed by a single dose of 1
mg/kg 14C-atrazine on day 15 (referred here as the

- multiple dosing or the multiple exposure group).

Concerning the elimination of acrazine or its
metabolites, approximately 95% of the l14c-labsl was
excreted within 7 days of the last exposurs (Table 4). In
all 3 groups of rats, roughly 75% of the Ll4c-label was
excreted in the urine whereas about 20% of the 1l4c-label
was eliminated in the feces. Both discussion of other
routes of elimination and the remaining 5% of the
administered atrazine were not raported.

However, differencas between dosage groups for tissua-
borne l4c-label were cbuoerved. A statistically significant
decrease (p <0.05) in the mean level of tissue-borne Léc-
label was found in those rats given a single dose of 100
mg/kg when compared to the group of rats who received a
single dose of 1 mg/kg atrazine. Also, a statistically
significant decrease (p <0.05) in the mean level of tissue-
borne 1l4c-label was found in those rats treated with
multiple oral doses of atrazine when compared to the group
of rats who received a single oral dose of 1 mg/kg l4c~
atrazine. No differences were observed between sexes
regarding the percentage of l4c-label that was sxcreted in
the urine and feces (Table 4). The pattern for tissue
distributed between singla and multiple exposure groups
were similar (Table 5) collected 7 days after exposure to
4c-atrazine.

The red blood cells (RBC) had the highest levels of
l4c-label of all tissues studied (Table 5). The ratio of
RBC binding of the l4c-label was proportional to the dose
administered, i.e., the concentration for the high dose
single exposure group (100 mg/kg) was about 100 times that
of the low dose singla exposurs group (1 mg/kg), and the
tissue concentration of the multiple dose group (1 mg/kg
for 15 days) was the same (1.1l and 1.00) to that of the
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low dose group. The ratios, 1.11 and 1.00, also provide
‘soma indication that atrazine and its metabolites had not
‘accunulated in the red blood cells or any other tissues
under this exposure regimen. This assertion is based on
the observation that tissue concentrations were the same in
single and multiple oral exposure groups (Table 5).

, Moreover, the authors suggest that l4c-label binding
in the red blood cell is the product of a covalent
interaction between the triazine moiety of l4c-atrazine and
the cysteinal sulfhydryl groups in the rat hemoglobin
nacromolecule. This binding is discussed later in more
detail in the metabolism section of this review.

The xemaining tissues listed in Table 35 show lower
‘levels of -4c-atrazine and its metabolites. Also, in these
tissues, the ratio of l4c-label binding waa proportionally
lower than the administered dose, e.g., l4c-label
.concentrations in the multiple expscure group were lower
than that for the single exposure group (Table 5). This
finding provides evidence that atrazine or its metabolites
appear not to accumulate in any tissues under this exposure
regimen. However, cumulative binding of atrazine
metabolites in RBCs after chronic exposure may occur.

. The data generated from urinary
excretion were used to calculate the:

o half-life values (t;,;) of the alpha distributive
phase, and

o the whele body half-life value of the beta
aexcretory phase.

The author reported that the data best fit an open two-
compartment toxicokinetic model. No statistically
significant differences were reported between treatment
groups or sex regarding the values for: alpha, beta, kio:
k12 and k3; or any t;/; value.
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BQ Ristribution of radiolabeled atrazine after repeated
daily dosing and multiple sampling.

: Another experiment was conducted with a grotocol
designed to determine the bodily dispesition of 13C-iabal
after multiple doses of l4C-atrazine. The racovery of the
total dose averaged 89.2% in rats killed 3 hours after the
tenth dosae of l%c-atrazine and 94.2% in rats killed 72
hours after, the tenth dose of l4c-atrazine averaged. The
amount of 1l4c-label of the total dose excreted in the feces
in rats killed at 3 hours was 13.4% and was 14.8% in rats
killed at 72 hours independent of the dose. The amount of
l4c-label of the total dose excreted 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 82.9% and in the
rats killed at 72 hours was $1.1%.

: - In this multiple dosing
experiment, plasma concentrations were related linearly to
the dose of l4c-atrazine (Table 6). That is, plasma
concentrations in rats given 100 mg/kg l4c-atrazine were
roughly 100 times that of rats given 1 mg/kg 14c-
atrazine. This comparison applies to all of <the dosage
groups at most time points listed in Table 6. oOverall,
during daily dosing plasma levels of atrazine or its
metabolites generally rose and reached an apparent plateau
or steady-state. After daily dosing had stopped the
following toxicokinetic values were calculated from the
data ocbtained:

o the whole body half-lifa, or €1/2, of 38.6 hours
(1.61 days) for the elimination of atrazine or
its metabolites,

~ the estimated volume of distribution, or Vq, for
the daily dose of 10 mg/kg was 4.15 L/kg, and

at a dose of 1G mg/kg, the mean plasma
concentration of atrazine or its metabolites at
steady-state was 5.61 mg-equivalents l4c-label/L
of plasma.

For distribution models that follow first-order kinetics
such as this model proposed for atrazine, two relationships
are found: (1) t; /2 and Vq are independent of the dose and
(2) the plasma ’‘concentration of 1l14c-label is directly
proportional to the dose of }4c-atrazine.
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. The same experimental
method used for determining plasma concentrations of
atrazine anf its metabolites was aemployed to measure the
level of liéc-1 in red blocod cells (RBECs). Tha
cencentration o C-label in RBCs rose during repeated
daily dosing of l4c-atrazine and did not reach a plataau or
steady state (Table 7). RBC concentrations appearad to be
proporticnal (usually supralinear) to the dose of 1léc-
atrazine. After cessation of daily dosing, the
concentration of l4c-label declined for all doses except
the highest dose, 100 mg/kg l4c-atrazine.

After daily doginq was atopped, the data was obtained
from the level of C-label in the urine. Tke following
toxicokinetic values were calculated from those data:

o the mean dosage half-life, or tj,;, was 1562.9
hours (8.14 days) for the elimination of atrazine
or its metabolites from RBCs,

o the estimated volume of distribution, or Va., for
the daily dose of 10 mg/kg was 0.7 L/kg, and

o at a dose of 10 ng/kg, the mean Plasnma
concentration of atrazine or its metabolites at
steady-state was 104.6 mg-equivalents l4c-label/r
of cells.

The RBC:plasma concentration ratio was roughly
Trelated 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 vere
occurring. (The life span of a rat RBC is 45-56 days).
The authors speculate that bindingy of l4c-label is of a
covalent naturs.
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- The tissue concentrations of
atrazine and its metabolites were neasured in selected tissues

from animals killed at i and at 72 hours (Table 8). at a1
doses, tissue levels of 4c-1abel are consistently lower in all
animals killed 72 hours after cessation of 14c—atrazinc exposure,
a finding that corroborates the observed decline in plasma
concentration of l4c-label (Table 6). The liver had the highest
tissue concentration of l4c-1abel, followed by the kidney,
pituitary anq ovary. The brain had the lowest tissue
concentration in this axperiment. In respect to making dose
comparisons, tissue lavels orf lic-label were generally
supralinear, i.e., the tissue level in rats given 100 mg/kg léc-
atrazine was generally 200 times higher than that of rats given 1
mg/kg 14c-atrazine. = In animals sacrificed at 72 hours, the
mammary tissue:plasma concentration ratio at 1 ng/kg was 0.042
and at 100 ng/kg was 0.49; a difference that is roughly
Proportional to the dose of atrazine.
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B. The Metabolism of Atrazine

: To exanmine the metabolism of atrazine in_ rats, 10¢
mg/kg of l4c-atrazine was given to rats and the l4c-labeled
matabolites were isolated and identified. A recovery of
103.78% of the total radicactivity was achieved. The
urinary route accougtcd for 47.4% of the elimination
vhereas 49.3% of the 14c-label was eliminated via the fecal
route. The tissues contained 5.75% of the 14C-label while
the blood contained the remaining 1.4% of the 14c-label.

In vivo metabolism of atrazine. The molecular structures
of the urinary metabolites obtained from the first group
rats were unattainable, so a second group of 8 rats ware
given 16.18-19.64 mg/kg l4C-atrazine. The metabolites were
collected within the ¢ to 24 hour time period after
exposure. The urine was freeze dried. Then the
metabolites were dissolved in a small amount of water that
was acidified with HCl to pH 3.0 and separated with an
amino acid analyzer (to detect the amino acid residues of
glutathione) coupled with a cation exchange column.

A total of 19 radicactive peaks were detected, three
of vhich were identified as metabolites by comparison of
the infrared and mass spectra. The identity of two other
metabolites was postulated based on additional wmass
spectral information. The molecular structures of some of
the atrazine metabolites are shown in Figure 1 and the
numbers in this figure correspond to the =metabolites
discussed in the text. Eight metabolites were identified
and the major metabolites are listed below:

o 2-hydroxy-atrazine (7),
0 - 2-hydroxy-4-amino-6-isopropylamino-g-triazine (8),

o 2~-hydroxy-4-ethylamino-6-amino-g-triazine (14),
and

o 2-hydroxy-4,6~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 omega-
carboxyl moieties were identified (5, 10, 11, 12), .
oxidation of the terminal methyl =moieties in the alkyl
substituents appears to be a minor and secondary metabolic
rocuta.
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In ¥itro metabolism of atrazine. The author of this study
offzrs the resultas of a published study on atrazine
mecabolism performed by Dauterman and Muecke {31874.
] i 4:212-21%)} in an
effort to account for the covalent binding in RBCs. To the
reviewer's knowledge, the author of this study did not
perform the work.

: Radiolabeled atrazine was incubtated with rat 1liver
microsomes with or without the addition of the metabolic
cofactors, glutathione and NADPH. Six metabolites were
identified by chromatography against synthetic standards
and are listed in figure 2. The published rosults
corroborate the findings in the in vive experiment
conducted by the registrant that N-dealkylation is the
major metabolic pathway. Also, the isopropyl moiety is
hydrolyzed more easily than the ethyl substituent.
Conjugation with glutathione was found to occur with most
of the atrazine metabclites previcusly discussed when
c:ytotglic cell fractions were included in the in witro
reactions.

Covalent binding in RBCs. The author argues that the
glutathione-containing metabolites of atrazine are
metabolized by a "carbon-sulfur lyase® that cleaves the
glutathione residue and produces a thicl-containing
atrazine metabolite. The author further roslts that the
action of the lyase results in the covalen’: binding of
thiol-containing atrazine metabolites to hemvglobin in the
red blood cell, a finding from the multiple dosing exposure
studies (depicted in Table 7). However, the author has not
discussed in this study whether lyase is present in red
blcod cells.
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V. DISCUSSION:

The summary data regarding the distribution, metabolisz and
the elimination of atrazine were provided in this report. To
this end, three separata experiments vere conducted with the use
of three groups of rats. Radiolabeled atrazine (triazine ring,
uniformly labeled) was used by the author to =easurs the
dispogition of atrazine and/or its metabolites in the rat. The
first experiment was performed toc zssess the distribution and
elimination of atrazine in male and female rats repeatedly
exposed to daily doses of atrazine. The second experizent 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
metabolites of atrazine formed by the female rat. The
absorption of atrazine in male or female rats was not reported.

« No data was provided in this
summary report regarding the absorption of atrazine in rats.

Distributiop of Atrazine in rats. The distribution of atrazine
in rats was found to be dose-dependent and independent of sax.
Of the tissues studied, the red blood cells store the highest
levels of atrazine, apparently through the covalent binding of a
metabolite. In rats given a single dose of 100 »ng/kg atrazine,
in decreasing order, the levels found ir the following tissues
vere: heart, spleen, 1lung, 1liver, kidney, brain, gonads,
pituitary, muscle, uterus, bona, fat, and plasma. Under the
exposure regimen used in this study, atrazine doas not accumulate
in the tissues of the rat, except perhaps for the red blocd cell.

The pattern of tissue distribution of atrazine in rats
repeatedly exposed differs from that of rats given a single
exposure of atrazine. In rats given repeated daily oral 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 exposure 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 tissue distribution
for atrazine in this study is similar to that found in rats
repeated exposed to atrazine (see MRID Nos. 404313-04, 404313-05
and 404313-09 for more detail).

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 Var
are indepandent of éxc dose of atrazine and (2) the plasnma

concentration of atrazine or its metabolites are directly
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proportional to the dose of atrazine. Plasma concentraticns of
atrazine measured during and after atrazine exposurs showed that
the whole body half-life (t;,;) of atrazine or its metabolites is
38.6 hours (1.61 days) in rats. These reported findings further
indicate that atrazine does not accumulate under this exposure
regimen in the rat.

As mentioned above, the highest level of atrazine was found
in the RBC. The estimated half-1life of 8.14 days in RBCs (as
compared to the whole body half-life of 1.61 days) indicates that
extensive binding of atrazine or its metabolites in RBCs was
occurring. However, after cessation of multiple exposuras, the
concentration of atrazine or its metabolites in RBCs declined at
all doses except for the highest dose, 100 mg/kg atrazine.

Excretion of atrazine in rats. About 95% of the atrazine
administered orally is excreted within 7 days after cessation of

sure. 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 whereas szbout 20%
of the atrazine is eliminated in the feces. The elimination
route for the remaining 5% was not reported. Alsc, the level of
atrazine elimination by exhalation or through the skin (sweating)
was not reported.

Metabollsm of atrazine in 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 substituents of atrazine appears to
be a minor and secondary metabolic route.

The author argues that a "carbon-sulfur lyase,” cleaves the
glutathione residue from an atrazine metabolite to produce a
thiol-containing atrazine metabolite. The author further posits
that the action of the lyase results in the covalent binding of
the thiol-containing atrazine metabolite to hemoglobin in the
red blood cell, a finding from the multiple exposure studies
(depicted in Table 7). However, the author has not provided
evidence in this study whethar lyase is present in red blood
cells.

sSummary. The whole body half-life of 1.61 days for atrazine is
consistent with the observation that 95% of the administered dose
is elimination 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. Under the dose

regimen employed in this study, atrazine does not accumulate in
the rat.
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Classification: Acceptable: This claszification is based
on the fact that the methodology requirsments established in the
Pesticide Assessment Guidelines, Subdivision P §8S5-1 have lLeen
satisfied only for reporting (1) the - identity of ur
metabolites of atrazine in female rats as well as (2) ¢ths
distribution and excretion of atrazine in male and ferale rats.
However, all of the data requirements for metabolism studies set
forth in Subdivision F §85-1 have not been reported, i.e., (a)
the urinary and fecal metabolites of atrazine in male rats and
(b) tha fecal metabolites of atrazine in females m»ust be
identified to completely satisfy the §8S-1 data reporting
requirements for the metabolism of atrazine in the rat.

PCl/reports/atrametb.003




Reviewed by: Sanford W. Bigelow, Ph.D. /1fi;<(
Section VI, Toxicology Branch (TS-769C) ~ I/

Secondary reviewer: Judith W. Hauswirth Ph‘D‘E}&;LLL Ww.
Section VI, Toxicology Branch (TS-769C) (”pq/
DATA EVALUATION REPORT

I.  SUMMARY:

STUDY TYPE: Metabolism - rat (85-1)  CASWELL NO: 63
, {and rabbit)

ACCESSION NUMBER: MRID NO.: 404313-13
TEST MATERIAL: Chemical Name Not Applicable
SYNONYMS: Atrazine Metakolites

STUDY NUMBER: Not Applicaple

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, ?.0. Box 13300
Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

TESTING FACILITY: Max von Pettenkofer-Institut Berlin,
: Deutschland

TITLE OF REPORT: The Transformation of Triazine Herbicides in
Animals. (Published Reference Information
Supplemental to EPA Guideline 85-1.)

AUTHORS: C. Boehme and F. Baer

REPORT PUBLISHED IN: Cosmet. Toxicol. Volume 5, pp. 23-28
- (1967).

CONC ONS :

This study was submitted by the registrant in respn:sc to
the reregistration standard for atrazine. The metabolism of
atrazine, propazine, prometon and proretryn in rats and rabbits
were reported in this study translated from a published article
written in German. However, only the metabolism of atrazine was
highlighted in this review. Numercus urinary metabolites of
atrazine were isolated and identified in the rat and rabbit. The
major pathway of atrazine metabolism is N-dealkylation and
oxidation of the alkyl substituents appears to be a minor
metabolic pathway. A classification for this study is not
applicable because this is supplemental information.
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MATERIALS:
Test Compoupnd: Atrazine

Description: Not provided in this report.
Batch #: Not provided in this report.
Purity: Not provided in this report.

Test Animals:

Species: Rats (male), rabbits (male)

Strain: Rats - Albino, Rabbits - not provided in this
report.

Age: Not provided in this report.

Weight: Rats - 200-300g, Rabbits -~ 2-3kg

Source: Rats - Max von Pettenkofer-Institut Berlin,

Deutschland
STUDY DESIGN:
Feeding Mixture: The rats and rabbits were allowed free

access tc animal feed and tap water. Rats raciaved a feed
mixture that consisted of “700 g wheat yeast, 300 g whole
milk powder, 350 ml water, 4 g dietary yeast and 10 g of a
salt mixture.” The rabbits received a diet of "boiled
potatoes and beets."

Dosing Method: Atrazine and the other harbicides were
given orally (via a stomach tube) as a single dosa to the
rats (50~200 mg/animal) and rabbits (600-1000 mg/animal) as
an active ingredient. The vehicle was pernut oil.

Statistics:

There were no statistical procedures used in this
study.

Quality Assurance:

A signed quality assurance statement was provided by a
quality assurance inspector. According to the atatement,
becausa the "GLPs are not in effect for the study conducted
in this vclume, certification of compliance with Good
Laboratory Practices is not applicable.™
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METHODS AND RESULTS:

Obgervations: The frequency of clinical observations made
on these rats was not provided in this summary report.

! There were no
treatment-related deaths reported in this study.

Experimental Protocol: This experiment was conducted to
identify the atrazine metabolites in rats and rabbits. The
urinary metabolites were collected for 72 hours after
exposure. The following methodz were used to isoclate and
identify the metabolites of atrazine in the rats ana
rabbits:

(1) isolation by thin layer chromatography,

(2) characterization by ultraviolet or infrared
spectra,
(3) confirmation of molecular structure by comparison

to synthetic standards.

The organic chemistry methods that describe the syntheses
of the standards are also reported.

The following metabolites of atrazine were identified
in the rat and rabbit:

o 2-chloro-4,Sodiamino-g-triazine,
o) 2-chloro—4-anino-s-isopropylanino-grtriazine,

o 2-hydroxy—4-(2—carboxy)-ethylanino-s-anino-g-
triazine, and

o 2-chloro-4-anino-6-(3-carboxy)-iaoprcpyla-ino-g-
triazine,

The identification of the four metabolites above indicates
that N-dealkylation is the major metabolic pathway for
atrazine in rats and rabbits. Because two atrazine
metabolites that possess omega-carboxyl moieties were
identified, oxidation of the terminal methyl moieties in
the alkyl substituents appears to be a minor or secondary
metabolic route in rats and rabbits.
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This study was submitted by the registrant in rasponse

to the reregistration standard for atrazines. The

metabolism of atrazine, propazine, Prometon and prometryn
in rats and rabbits were reported in this study translated
from a published article written in German. However, only
the metabolism of atrazine was highlighted in thig review.
Numerous urinary metabolites of atrazine were isolated and
identified in the rat and rabbit. The major pathway of
atrazine metabolism is N-dealkylation and oxidation of the
alkyl substituents appears to be a minor metabolic pathway.
A classification for this study is not applicable because

this is supplemental information.

PCl/reports/atrametb.011
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Reviewed by: Sanford W. Bigelow, Ph.D. . . 3/? /e

Section VI, Toxicology Branch (TS-769C)
Secondary reviewer: Judith W. Hauswirth, N » I W.
Section VI, Toxicology Branch (TS-76SC) 7““"“‘- Mavsererel.

¢he/st
DATA EVALUATION REPORT
I. SUMMARY :
STUDY TYPE: Metabolism - rat (85-1) CASWELL NO: 63
ACGESSION NUMBER: MRID NO,: 404313-14

IEST MATERIAL: Atrazine
SYNONYMS: 2-Chloro-4-ethylamino-6-isopropylamino-g-triazine

STUDY NUMBER: Not Applicable

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., Agricultural Division
Basle, Switzerland

TITLE OF REPCRT: In Vitro Metabolism of Atrazine by Rat Liwer.
Published Reference Information Supplemental
to EPA Guideline 85-1.

AUTHORS: W.C. Dauterman and W. Muecks

REPORT PUBLISHED IN: Pesticide Biochemistry and Physioclogy
Volume 4, pp. 212-219 (1974) .

CONCLUSIONS :

This report is a published study on atrazine metabolism
performed by Dauterman and Muecke (1974. .
and Physiology 4:212-219). This study was performed to study the
in vitro metabolism of atrazine in the rat in an effort to
ascertain which atrazine metabolite is responsible for covalent
binding in RBCs.

This report of depicting these published results show that
N-dealkylation is the mzjor metabolic pathway for atrazine
metabolism in the rat when investigated with the use of in vitro
conditions. Also, the isopropyl moiety of atrazine is hydrolyzed
more easily than the ethyl substituent. Conjugation with
glutathione was found to occur with most of the atrazine
metabolites when cytosolic cell fractions were included in the in

vitro reactions. . /é;¥(
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Classification: This report was submitted by the registrant
as part of a package in response to the reregistration standard
for atrazine. This report constitutes supplemental information
not required for the reregistration of atrazine.
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II. MATERIALS:

A. Test Comvound: Atrazine (2-chloro-4-ethylamino-6-
isopropylamino~g-triazine)

Description: Not provided in this report.

Batch #: Noct provided in this raport.

Purity: Not provided in this report for the

nonradiolabeled compound.

Radiolabeling procedure:
All carbons in the triazine moiety of atrazine were
replaced with carbon-14. The specific activity of the
radiolabeled compound was 10.2 microCuries/mg. A ,
variety of radiolabsled atrazine metabolites were used
as well. The purity of the radiolabeled test compound
was reported to be > 99% ascertained by two different
thin-layer chromatography systems.

B. Test Animals:

Species: Rats (male)

Strain: RAXI

Age: Not provided in this study.

Weight: 150~-170g

Source: CIBA-GEIGY Corp., Agricultural Division, Basle,
Switzerland

ITII. SIUDY DESIGN:

Since this study was an in vitro study, no dosing of
whole animals were performed. Therefore, animal assigmment
is not applicable in this study.

B. statistics:

There were no statistical procedures used in this
study.

C. Quality Assurance:
A signed quality assurance statement was provided by a
quality assurance inspector. Accordin:: to the statement,

because the "GLPs are not in effect for the study conducted
in this volume, certification of compliance with Good

Laboratory Practices is not applicable.®™
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This published study on atrazine metabolism was

performed by Dauterman and Muecke (1974. Pegticide

Biochemistry and Physiology 4:212-219) in an effort to
account for the covalent binding in RBCs.

The methods were reported as such. Radiolabeled

’atraz:lnu was incubated with rat liver microsomes with or .
without the addition of the metabolic cofactors, o ~

glutathione and NADPH. Six metabolites were identified by
chromatography against synthetic standards.

The published results show that N-dealkylation is the
major metabolic patkway. 2lso, the iscpropyl mociety of
atrazine is hydrolyzed more easily than the ethyl
substituent. Conjugation with glutathione was found to
occur with most of the atrazine metabolites when cytosolic
cell fractions were included in the in vitro reactions.
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V. DISCUSSION

g This report is a published study on atrazine
metabolism performad by Dautersan and Muecks (1974.
Pesticide Biochemistry and Physiology 4:212-219). This
‘study was performed to study the in vitro metabolism of
‘atrazine in the rat in an sffort to ascertair which
atrazine metabolite is responsible for covalent binding in
RBCs.

; This report of depicting these published results show
that N-dealkylation is the major metabolic pathway for
‘atrazine metabolism in the rat when investigated with the
use of in vitro conditions. Also, the isopropyl moiety of
atrazine is hydrolyzed more easily than the athyl
substituent. Conjugation with glutathione was found to
occur with most of the atrazine metabolites when cytosolic
cell fractions wvere included in the in vitro reactions.

Classification: This report was submitted by the
registrant as part of a package in response to the
reregistration standard for atrazine. This report
constitutes supplemental information not required for the
reregistration of atrazine.
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Reviewed by: Sanford W. Bigelow, Ph.D. /_// 7 . '/*-‘~
Section VI, Toxicology Branch (TS-769C) ’ g

Secondary reviewer: Judith W. Hauswirth, D o W
Section VI, Toxicology Branch (TS~7639C) Maviacrcss,

DATA EVALUATION REPORT

I. SUMMARY :

STUDY TYPE: Met;bolim - rat (85-1} CASWELL NQ: 63

ACCESSION NUMBER: MRID NO.: 404313-15

W: Chenical Name Not Applicasble (Various g;
Triazines)

SYNONYMS: Atrazine and Other g-Triazine Metabolites

SIUDY NUMBER: Not Applicable

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

TESTING FACILITY: CIBA~GEIGY Corp., Agricultural Divisicn
Basle, Switzerland and Laboratorium fuer

Biochemie I, Eidgencasische Technische
Hochschuls, 8092 Zurich, Switzerland.

TITLE OF REPORT: The Binding of s-Triazine Metabolites to
Rodent Hemoglobins Appears Irrelevant to
Other Species. (Published Reference
Information Supplemental to EPA
Guideline 85-1.)

AUTHORS: H. Hamboeck, R.W. Fischer, E.E. Dilorio, and K.H.

Winterhalter.
REPORT PUBLISHED INR: Molecular Pharmacology Volume 20, PP-
579-534 (1981). :
CONCLUSIONS:

The covalent binding of a variety of g-triazine metabolites
to hemoglobin in a number of species was studied. The results
regarding atrazine are highlighted in this review.
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The relative level of covalent binding of atrazine to
hemogleobin was lower when compared to most of the other F 3
triazine metabolites. The level of covalent binding, in
decreasing order, of the atrazine metabolite to hemoglobin amcng
the following animal species was: rat > guinea pig > dog > cow >
mouse > human or sheep > pig. .

only the beta chain of hemoglobin was reported to Covalently
bind all of the g-triazine metabolites. "he specific amino acid,
the beta-125 cysteine (Cys-125), of hemoclobin was studied with
simetryn sulfoxide only, therefore, the only results stemning
from this amino acid analysis deal with simetryn sulfoxide and
not atrazine. The authors report that Cys-125 resides on the
outer surface of hemoglobin in the rat and guinea pig, however,
the stereochemistry of human hemoglobin was not discussed.

¢ This report was submitted by the registrant
as part of a package in response to the reregistration standard
for atrazine. This report constitutes supplemental information
not required for the reregistration of atrazine.
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MATERIALS :
Test Compound:
Description: Not provided in this study.
Batch #: Not provided in this study.
- Purity: Not provided in this study.
Test Animals:

. Species: Rat, mouse, guinea pig, human, sheep, cow,

pig, and chicken.
Strain: Not reported in this study.
Age: Not reported in this study.
Weight: Not reported in this study.
Source: Sheep, cows, and pigs were from a
slaughtarhouse.

Since this study was an in vitro study, no dosing of
whole animals were performed. Thaerefore, animal assignment
is not applicable in this study.

Statistics:

There were no statistical procedures used in this
study. '

Quality Assurance:

A spigned quality assurance statemeut was provided by a
quality assurance inspector. According to the statement,
because the "GLPs are not in effect for the study conducted
in this volume, certification of compliance with Good
Laboratory Practices is not applicable.®
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METHODS AND RIESULTS:
The covalent binding c¢f a variety of g-triazine

- metabolites to hemoglobin in a number of species was
- studiad. The following s-triazine herbicides were studied:
- simstryn, simetryn sulfoxidsa, desasthylsimetryn, ametryn,

amet sulfoxide, dimethametryn, dipropetryn, simazine and

"atrazine. The results regarding atrazine are highlighted
in this review.

Blood was obtained from the following animal specias:

rat, mouse, guinea pig, human, sheep, cow, pig, and
chicken. The red blood cells from each species were
- separated and lysed to yield hemoglobin. The rat liver
~microsomal oxidation products (metabolites) of the above g-

triazine compounds vwere allowed to react with the
hemoglobin from each species. After the reaction had
taken place, the (1) overall level of covalent binding of

'g-triazine metabolite to hemoglobin was measured and (2)

the specific amino acid residue in hemoglobin which

covalently bound the g-triazine metabolite was identified.

The relative level of covalent binding of atrazine to

‘hemoglobin was lower when compared to most of the other g-

triazine metabolites. The level of atrazine metabolite

. covalent binding to hemoglobin, in decreasing order, among
‘the following species was: rat > guinea pig > dog > cow >
mouse > human or sheep > pig.

Only the beta chain of hemoglobin was reported to
covalently bind all of the g-triazine metabolites. The
specific amino acid, the beta-125 cysteine (Cys-125), of
hemoglobin was studied with simetryn sulfoxide only,
therefore, the only results stemming from this amino acid
analysis deal with simetryn sulfoxide and not atrazine.
The authors report that Cys-125 resides on the outer
surface of hemoglcobin in the rat and guinea pig, however,
the stersochemistry of human hemoglobin was not discussed.
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V. DISCUSSION:

The covalent binding of a variety of g-triazine
metabolites to hemoglobin in a number of species was
ntgdi.d.i The results regarding atrazine are highlighted in
this review.

The relative level of covalent binding of atrazine to
hemoglobin was lower when compared to most of the other 8-
triazine metabolites. The level of covalent binding, in
decreasing order, of the atrazine metabolite to hemcglobin
among the following animal species wag: rat > guinea pig >
dog > cow > mouse > human or sheep > pig.

o Only the beta chain of hemoglcbin was reported to
covalently bind all of the g-triazine metabolites. The
specific amino acid, the beta-125 cysteine (Cys-125), of
hemoglcbin was studied with simetryn sulfoxide only,
therefore, the only results stexming from this amino acid
analysis deal with simetryn sulfoxide and not atrazine.
The authors report that Cys-125 resides on the cuter
surface of hemoglobin in the rat and guinea pig, however,
the stereocchemistry of human hemoglobin was not discussed.

Classification: This report was submitted by the
registrant as part of a package in response to the
reregistration standard for atrazine. This report
conastitutes supplemental information not required for the
reregistration of atrazine.

PCl/reports/atrametb.013
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Reviewed by: sSanford w. Bigelow, Ph.D. /;}/?/”72,. //[
Section VI, Toxicology Branch (T38-769C) /. .
Secondary reviewer. Judith W. Hauswirth, " Ph.0. ?\..J-OA. W . Nawsuwrsl
Section VI, Toxicology Branch (TS=-769C) 4/15137'

DATA EVALUATION REPORT
I. SUMMARY :
STUDY TYPE: Metabolism - rat (85-1) CASWELL NQ: 63
ACCESSION NUMBER: MBID NO.: 404313-12

TEST MATERIAL: Chemical Name Not Applicable
SYNONYMS: Propazine and Prometone Maetabolites

SIUDY NUMBER: Not Applicable

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.0. Box 18309
Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (919) 292-7100 X7207

FESTING FACILITY: USDA, ARS, Metabolism and Radiation Research
Lab, Fargo, ND 58102.

TITLE OF REPORT: Metabolism of 2-Chloro—4.6-

bis(isopropylanino)-g-triazin‘ (Propazine)
and 2-Mathyl-4,G-bis(isopropylamino)-g-
triazine (Prometone) in the Rat. Balancs
Study and Urinary Metabolite Separation.
(Published Reference Information Supplenmental
to EPA Guideline 85-1.}

AUTHORS: J.E. Bakke, J.D. Robbins, and N.J. Feil

REPORT PUBLISHED IN: Journal of Agricultural and Food

Chemistry volume 15, pp. 628-631
(1967).

CONCLUSIONS:

This study was submitted by the registrant in response to
the reregistration standard for atrazine. However, this study
dces not report the metabolism of atrazine. Because this study
involves the metabolism of propazine and prometone and not
atrazine, this study is of little use in evaluating the
metabolism of atrazine in the rat. A classification for this
study is not applicable because this is Supplemental information
not required for the reregistration of atrazine.
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MATERIALS :
Test compounds: Propazine and prometone

Description: Not provided in this study.

Batch #: Not provided in this study.

Purity: Not provided in this report for the

nonradiolabeled compound.

Radiolabeling procedure:
The carbons in the isopropyl moiety of atrazine vare
replaced with carbon~14. The specilic activity of
radiolabeled propazine was 9.33 microCurie/mg. The
specific activity of radiolabeled Prometone was 9.33
microCurie/mg. The purity of either radiolabeled test
Compound was not rsported.

Test Animals:

Spacies: Rat (males)
Strain: Sprague-Dawley
Age: Not provided in this study.
" Weight: Mot provided in this study.
Source: Delmar Scientific Laboratories, Chicage, IL

STUDY DESIGN:

Animal Assignment: Animals were individually assigned to a
metabolism cage once the test ccmpound was administered.
Feeding Mixture: The rats and rabbits were allowed free
access to animal feed (brand name not specified) and tap
water.

Dosing Method: Propazine was given orally (via a stomach
tube) as a single dose (1-5 microCurie/rat) to the rats
(41-56 mg/kg) as an active ingredient. Prometone wvas
given orally (via a stomach tube) as a single dose {0.75
microCurie/rat) to the rats (20.8-25.3 mg/kg) as an active
ingredient. Corn oil was used as a vehicle. The stability
of the compounds were not atfected by heating in corn oil
as corroborated by ultraviolet and infrared

gas chromatography and thin layer chromatography.

Statistics:

There were no statistical Procedures used in this
study.
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Quality Assurance:

A signed quality assurance statenent was provided by a
quality aesurance inspector. According to the statement,
because the "GLPs are not in effect for the study conducted
in this volume, certification of compliance with Good
Laboratory Practices is not applicable.®

METHODS AND RESULTS:
Obgervations: The frequency of clinical observations made
on these rats was not provided in this summary report.

{ v ¢ There were no
treatment-related deaths reported in this study.

gxpg;ingn;gl_zzg;ggglz This experiment was conducted to
isolate the propazine and prometone metabolites produced
in rats. The urinary and fecal metabolites were collected
for 72 hours after exposure. The expired air of the rats
wes monitored for radiocactivity. Two methods were used to
isolate the metabolites of Propazine and prometone in rats,
ion exchange column chromatography and amino acid analysis.

The excretion of prometone and propazine was most
rapid within 24 hours after administration and diminished
to trace levels at 72 hours. All of the radiocactive
prometone was recovered whereas 94.3% of the propazine was
Tecovered. No radioactivity was found in the expired air
of the rats. All of the Prometone was excreted in the
urine (91.1% and feces (9.1%) within 72 hours after
exposure. Propazine was excreted slower than prometone,
at 72 hours, 65.8% was found in the urine and 23.% was
found in the feces. At 12 days after propazine exposure,
urine had 72.5%, feces had 15.6%, hide and hair had 3.35%,
carcass had 2.22% and the wviscera had 0.1%. Propazine is
eliminated more slowly than prometone.

Ion exchange chromatography techniques were used to
detect 11 metabolites for prometone and 18 metabolites for
propazine. None of the structuves of the prometone and
propazine metabolites were identified.

The findings in this study indicate that N-

dealkylation may be the major metabolic pathway for
Propazine and prometone in rats.
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V. DISCUSSION:

This study was submitted by the registrant in response
to the reregistration standard for atrazine. However, this
study does not report the metabolism of atrazine. Because
this study inveolves the metabolism of propazine and
prometone and not atrazine, this study is of little use in
evaluating the metabolism of atrazine in the rat. A
classification for this study is not applicable bacause
this is supplemental information not required for the
reregistration of atrazine.
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Section VI, Toxicology Branch (TS-769C) o

Secondary reviewer: Judith W. Hauswirth, Ph.D:
Section VI, Toxicology Branch (TS=769C)

DATA EVALUATION REPORY

I. SUMMARY :

STUDY TYPE: Metabolism - rat (85-1) CASWELL NO: 63
ACCESSION NUMBER: MRID NO.: 404313-16
TEST MATERIAL: Chemical Name Not Applicable

SYNONYMS: 2~Chloro-N-isopropylacetanilide (Propachlor)

STUDY NUMBER: Not Applicable

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.O. Box 18300
Greensboro, NC 27419 Thomas Parshley, Regulatory
Specialist (9519) 292-7100 X7207

TESTING FACILITY: USDA, ARS, Metabolism and Radiation Research
Lab, Fargo, ND 58105

TITLE OF REPORT: Metabolism of Mercapturic Acid-Pathway
Metabolites of 2-Chloro-jN-
isopropylacetanilide (Propachlor) by
Gastrointestinal Bacteria. (Published
Reference Information Supplemental to EPA
Guideline 85-1.)

AUTHORS: G.L Larsen and J.E. Bakke

REPORT PUBLISHED IN: Xenobiotica Volume 13, Issue Nc. 2, pp.
115-126 (1983).

CONCILUSIONS:

This report submitted by the registrant in response to the
reregistration standard for atrazine. This report is a published
study that shows the gastrointestinal bacteria of the pig
possesses lyase enzyme. Because this study involves the
metabolism of 2-chloro-N-isopropyl-acetanilide (propachlor) and
not atrazine, this study is of little use in evaluating the
metabolism of atrazine or even its thiol-containing metabolites
in the rat. This report constitutes supplemental information not
required for the reregistration of atrazine.

PCl/reports/atrametb.014
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Section VI, Toxicology Branch (TS-765C) J
Secondary reviewer: Judith W. Hauswirth, Ph.D. ° _ .., = ., .. _ . “ees
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DATA EVALUATION REPORT
I. SUMMARY :
STUDY TYPE: Metabolism - rat (85-l) CASWELL NO: 63
ACCESSION NUMBER: MRID NO.: 404313-17
TEST MATERIAL: Chenmical Name Not Applicable
SYNONYMS :

STUDY NUMBER: Not Applicable

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

TESTING FACILITY: Univ. of éhicago, Dept. of Pharmacology,
Chicago, IL

TITLE OF REPORT:  Metabolism Cage for Rats. (Published
Reference Information Supplemental to EPA
Guideline 85-1.)

REPORT PUBLISHED IN: Nucleonics p. 104 (1956).
CONCLUSIONS:

The report submitted by the registrant is a published
article that describes the design of a metabolism cage. This
cage allows the investigator to ccllect the urine, feces and the
expired air of the animal. This metabolism cage may have been
used by the registrant (or its subcontractors) to study the
distrbution, metabolism, and excretion of atrazine, but this is a
presumption.
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