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Critical Evaluation of Atrazine’s Breast Cancer Risk

Authors’ Note: The reader is encouraged to read Appendix B prior to reading this Critical Evaluation. Appendix B includes an explanati
of the approach used in writing BCERF Critical Evaluations and an explanation of the BCERF Breast Cancer Risk Classffteation Sy

(Insecticidas Internacionales, C.A.); Vegfru Solaro® (Pesticides
India); Weed Pro® Atrazine (Cornbelt Chemical Co.); Woprazine®
) (B.V. Industrie- & Handelsonderneming Simonis); X-siprim®
A. Common Name: Atrazine (Agsin Pte. Ltd.) (Meister, 1998).

|. Chemical Information

B. Chemical Names:2-chloro-4-ethylamino-6-isopropylamino-  G. Trade Names of Atrazine Pre-Mixes:*
striazine (CAS) 6-chlordN-ethylN’-isopropyl-1,3,5-triazinediyl-  Agimix®, + alachlor (Herbitecnica Industria de Defensivos S/A);
2,4-diamine (IUPAC) (Stevens and Sumner, 1991) Alazine®, + alachlor (Makhteshim-Agan); Amezol®, + ametryn
. ) (Insecticidas Internacionales, C.A.); Aterbutex®, + terbutryn
C. Chemical Formula C;H, CIN, (Stevens and Sumner, 1991) (Makhteshim-Agan); Aterbutox®, + terbutryn (Pyosa, S.A. de C.);
D. CAS Registry Number: 1912-24-9 (Stevens and Sumner, Athado Winter®, + terbumeton + terbuthylazine (Probelt, S.A.);
1991) Atramet Combi®, + ametryn (Makhteshim-Agan); Basis Gold®,
+ nicosulfuron + rimsulfuron (DuPont Agricultural Products);
Bellater®, + cyanazine (American Cyanamid Co.); Bicep® and
Bicep Lite II®, both + metolachlor (Norvartis); Buctril®, +
I bromoxynil (Rhone-Poulenc); Bullet®, + alachlor (Monsanto Co.);
Candex®, + asulam (Rhone-Poulenc); Contour®, +imazethapyr
(American Cyanamid Co.); Crisazina-Crisatrina Kombi®, +
ametryn (Crystal Chemical Inter-America); Cyergy®, + cyanazine
(Griffin Corp.); Cy-Pro-AT®, +cyanazine (Griffin Corp.); Erunit®,
+ acetochlor (Nitrokemia Ltd.); Exatrazine 1l®, + cyanazine
(DuPont Agricultural Products); FulTime®, + acetochlor

E. Chemical Structure of Atrazine: (Ahrens, 1994)

CH (ZENECA Ag Products); Galleon®, + sulcotrione (ZENECA
é i / Agrochemicals); Guardsman®, + dimethenamid (BASF Corp.);
CH3—CH—HN H—CH;— CH3 Harness® Xtra, + acetochlor (Monsanto Co.); Headline® B, +

bentazone (BASF Corp.); Headline® G, + sethoxydim (BASF
Corp.); Herbimix®, + simazine (Herbitecnica Industria de
Defensivos S/A); Laddock, Laddock® Neu, Laddock Pro, and
Laddock® S-12, all + bentazone (BASF AG); Lariat®, + alachlor
(Monsanto Co.); Marksman®, + dicamba (BASF Corp.); Maxipac
Trac® 50, + acetochlor (Atanor S.A.); Primagram®, Primextra®,
both +Smetolachlor (Norvartis); Prompt®, + bentazone (BASF
Corp.); Ramrod®/Atrazine, + propachlor (Monsanto Co.);
Rastra®, + alachlor (Pyosa, S.A. de C.V.); Shotgun®, + 2,4-D
(Platte Chemical Co.); Simatrol® 55, + amitrole + simazine
(Industrie Chimiche Caffaro S.p.A.); Simazat®, + simazine (Drexel
Chemical Co.); Surpass® 100, + acetochlor (ZENECA Ag
Products) (Meister, 1998).

Figure 1. Chemical structure of atrazine

F. Trade Names for Atrazine:*

AAtrex® (Norvartis); Atrachem® (Agrochemical Industries Co.
Ltd.); Atranex® (Makhteshim-Agan); Atrasul® (Sulphur Mills
Ltd.); Atrataf® (Rallis India, Ltd.); Atratylone® (Chimac-Agriphar
S.A); Atrazin® (Sintagro Ltd.); Azinotox®-500 (Pyosa, S.A. de
C.V.); Callizine® (Calliope S.A.); Cat L Siapa® (Industrie
Chimiche Caffaro S.p.A.); Crisazina® (Crystal Chemical Inter-
America; Dupocsa); Dhanuzine® (Dhanuka Pesticides Ltd.);
Drexel® Atrazine (Drexel Chemical Co.); Flotrazine® (Sanachem
(Pty) Ltd.); Gesaprim® (Norvartis); Fezprim 500 (Zargo Asia Ltd.); *Note: Trade names are used herein for convenience and
Herbitrin® (Herbitecnica Industria de Defensivos); Limpiamaiz® informational purposes only. No endorsement of products is
(Insecticidas Internacionales, C.A.); Malermais® (Diachemintended and no criticism of unnamed products is implied. Trade
S.p.A.); Maizine® (Forward International Ltd.); Sanazine® names of atrazine and mixtures containing atrazine listed here are
(Sanachem (Pty) Ltd.); Trac® (Atanor S.A.); Triazol ® those currently in use in 1998 (Meister, 1998).

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State 1



H. Transformation Products and Metabolites:

1. Sail:

One of the major degradation pathways of atrazine in surface soils
is hydrolysis to hydroxy atrazine (6-hydrodrethyl-N'-(1-
methylethyl)-1,3,5-triazine-2,4-diamine) (Muir and Baker, 1978).
The hydrolysis of atrazine in soil is favored by low pH (5.5-6.5),
high organic matter content, high clay content, high temperature
and low moisture content (Ahrens, 1994; Koskinen and Clay, 1997;
Ma and Selim, 1996).

Atrazine can also be biodegraded by microbes in soil. Major biotic
degradation pathways include dealkylation to form deethylatrazine
(6-chloroN-[1-methylethyl]-1,3,5-triazine-2,4-diamine) and
deisopropylatrazine (6-chlomg-ethyl-1,3,5-triazine-2,4-diamine).

Major transformation products from photodegradation include
deethylated atrazine ahHdeethylN-demethylethyl atrazine (also

H,

Deisopropylatrazine

H—CHy— CHg

Atrazine can also be degraded in the presence of sunlight on soil'.:Igure 2. Major Transformation Products of Atrazine in Soll

called diaminoatrazine) (Ahrens, 1994; Koskinen and Clay, 19972. Plants:
Ma and Selim, 1996). The half-life of atrazine and its There are three major transformation pathways for atrazine in
transformation products are summarized in the environmental fatplants: theN-dealkylation of the side chain(s), dechlorination to

section of this report (see section VI.B.).

%
CH3z-CH—H H—CH5~ CHg
Hydroxyatrazine
1
H3

Deethylatrazine

form hydroxy-forms of atrazine, and the displacement of the
chloro-group at position 2 with glutathione (GSH) to form GSH-
conjugates (Lamoureux et al., 1998). The type of side chain
dealkylation is different in various plant species. For instance, in
peas and sorghum, the dealkylation of the ethyl-side chain is
favored to form deethlyatrazine. Dealkylated products can be
further metabolized to the hydroxy or GSH-conjugated forms of
atrazine. The loss of the 2-chloro group of atrazine occurs
primarily in corn, wheat and rye, but not in sorghum. In certain
tolerant plants, such as corn, atrazine can be conjugated with GSH.
The GSH-conjugates of atrazine can be further transformed to
gamma-glutamylcysteine, and then $ecysteine. A minor
transformation pathway of atrazine in sugarcane is amination, with
a substitution of NHfor the 2-chloro group. Amineriazine
transformation products identified in sugarcane include 2-amino-
4-ethylamino-6-isopropylamins-riazine, and its deethylated
form, 2,4-diamino-6-isopropylamingtriazine (Lamoureux et al.,
1998).

3. Metabolites Identified in Mammals:

Seventy-two hours after rats were fed an oral dose of 0.53 mg of
14C-labeled atrazine, 65.5% of the parent compound was recovered
in the urine, 20.3% in the feces, 15.8% in body tissues and less
than 0.1% was detected in the expired air. The four major types of
urinary metabolites (47% of the urinary radioactivity) identified
were 2-hydroxyatrazine, its two mono-dealkylated analogs 2-
chloro-4-amino-6-(ethylamina-riazine and 2-chloro-4-amino-
6-(isopropylamino)ks-triazine, and ammeline (Bakke et al., 1972).

A later study identified 2-chloro-4,6-diamirgetriazine as another
major atrazine urinary metabolite in adult male Charles River rats
(Bradway and Moseman, 1982). In swine, the primary urinary
metabolite is deethylatrazine (Erickson et al., 1979). Studies in
humans occupationally exposed to atrazine indicate that in addition

2 Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State



to a small amount of atrazine detected in the urine, major urinarysed on corn crops in lllinois, lowa, Nebraska, Ohio, Indiana,
metabolites include 2-chloro-4-amino-6-(ethylamisdjiazine Missouri, Michigan, Minnesota, Kansas and Wisconsin in 1993
and 2-chloro-4, 6-diaminsriazine (Catenacci et al., 1990; Ikonen was 47.6 million Ibs. Usage on corn crops in Northeastern states
et al., 1988). Inn vitro studies using livers of rats, mice, goats, was much lower, with Pennsylvania using 1.5 million Ibs per year
sheep, pig, rabbit and chicken, the formation of the mono-and NYS using 1.16 million Ibs/year (Solomon et al., 1996). This
dealkyated metabolites of atrazine were found to be cytochromés in contrast to other areas of the US where other uses predominate.
P-450 mediated (Adams et al., 1990). In addition, GSH conjugateBor instance, in south Florida the predominant use of atrazine in
of atrazine and the mono-dealkyated metabolites, have beethe early 1990s was on sugarcane (2.6 million Ibs/year) and on
identified by Adams et al. (1990) and other investigatorshome lawns care and domestic uses (0.23 million Ibs/year) (Miles
(Dauterman and Muecke, 1974). The conjugation of atrazine tand Pfeuffer, 1997).

GSH occurs at the chloro group at the 2-position (Guddewar an% . L . L
Dauterman, 1979). . Registered Appl|cat|on Rates and Actual Field Application
Rates of Atrazine on Corn:
I. History of Use and Usage Atrazine’s registered application rate for weed control on corn was
reduced several times in the 1990s. In 1990, application rates
A. History of Use and Uses: were reduced from 5.6 to 3.4 kilograms per hectare (kg/ha).

Atrazine is the most widely used herbicide in the United StatesMlaximum pre-emergence rates on corn were lowered in 1993 to
(US). Atrazine was first registered for use by Ciba Plant Protectio.8 to 2.2 kg/ha, depending on soil type and soil erosion
in 1959 (USEPA, 1994). Atrazine is a selective pre- and postcharacteristics (Solomon et al., 1996). These application rates are
emergent herbicide used to control broad leaf and grassy weeddlill in force today. Maximum post-emergence application rates
In the early 1990s, approximately 68% of the corn, 50% of thefor corn are currently 2.2 to 2.8 kg/ha (Norvartis, 1998).

sweet corn, 65% of the sorghum, and 94% of the sugarcane acrealggspite the reduction in permitted application rates, actual usage
was treated with atrazine (Gianessi and Anderson, 1995 b). Other, '

. A . Pf atrazine did not dramatically decrease in the late 1980s and
crops treated with atrazine include guava and macadamia nuts

(Norvartis, 1998). Atrazine is also used for selective weed contro arly 1990s. This IS bec"".use the application rates that were being
in conifers, primarily Christmas trees and ornamentals, and 0apphed to the corn fields in the late 1980s were already far below

ecofallow which is land left untilled on a periodic basis for soil the permitted application rates. The application rate used on corn

and moisture conservation (Meister, 1998; WSSA, 1994). Otheflelds in 1984 was approximately 2.2 kg/ha; in 1987 the rate was

: . . . "6 kg/ha; it ranged from 1.3 to 1.6 kg/ha in 1994. Some of the
non-agricultural uses include weed control in certain turf grasses . ' o )

. . reduction of field application rates also has been attributed to the
(Bermudagrass, Centipedegrass, St. Augustinegrass and Zoysia

. . . 8ombined use of atrazine and the herbicide metolachlor. The
Grass) in Southeastern parts of the US, including use for so S L .
. . ‘combination of these two herbicides allows for effective weed
production, on fairways and for home lawn care (HSDB, 1996; P L
. ) . : ontrol on corn at lower rates than if either herbicide is used alone
Miles and Pfeuffer, 1997; Norvartis, 1998). Atrazine was used:
: . . 4 . (Solomon et al., 1996).
industrially to clear right-of-ways, but this use is no longer
permitted (Ribaudo and Bouzaher, 1994), except for controlling ||, Current Regulatory Status
weeds and grasses along roadsides in certain Western and
Midwestern states (Colarado, Kansas, Montana, Nevada, NortA. Regulatory Status:

Dakota, South Dakota and Wyoming) (Norvartis, 1998). The United States Environmental Protection Agency (EPA) issued
a Registration Standard for atrazine in 1983, noting concern that
B. Current Usage: atrazine may pose a potential carcinogenic risk from ingestion of

Atrazine was ranked as the most used herbicide in the US duringontaminated ground and surface water. A preliminary notification
1990-93. During this time, use for agricultural purposes on croplangf the EPA’s intention to initiate a Special Review was given in
was 72 million pounds (lbs) of active ingredient (Al) per year 1988 based on carcinogenic potential and possible risks resulting
(Gianessi and Anderson, 1995 b). Atrazine was also ranked as th&m exposure through the diet from treated food and contaminated
most used herbicide in New York State (NYS), with 1.4 million water, as well as concerns of potential carcinogenic risk to pesticide
Ibs of Al per year used during the same time period (Gianessi anghixers and applicators. Additional concerns were raised in 1989

Anderson, 1995 a). More recent data from the EPA indicates thajased on studies documenting heart damage in dogs exposed to
atrazine still ranks as the most used herbicide in the US. In 199%¢razine (USEPA, 1994).

68 to 73 million Ibs of atrazine were used on US crops (Aspelin, - . ] o
1997). In 1990, the EPA classified atrazine as a Restricted Use Pesticide

(RUP), which included label amendments that reduced application
The predominant use of atrazine is to control weeds in productiopates for agricultural uses and limited the maximum annual
of corn crops in the Midwest; the combined amount of atrazineapplication rate for industrial weed control; prohibited the mixing,

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State 3



loading or storage of atrazine products within 50 feet of wells;the EPA for atrazine in raw agricultural products are as follows:
and prohibited applying atrazine through an irrigation system. Irfodder and forage, 5-25 ppm; eggs, 0.02 ppm; milk, 0.02 ppm;
April 1992, registrants volunteered to further restrict use includingmeat or fat from animals, 0.02 ppm (includes goats, hogs, horses,
prohibiting industrial use for clearing right-of-ways and poultry and cattle); sweet corn, 0.25 ppm; rye grass, 15 ppm;
establishing buffer zones from wells and surface water for mixingsugarcane, 0.25 ppm; and wheat grain, 0.25 ppm (USEPA, 1998).
loading and application (Ribaudo and Bouzaher, 1994; USEPA

1994). D. Acceptable Daily Intake, WHO:

The acceptable daily intake (ADI) of atrazine from drinking water

A Special Review ofs-triazine herbicides, including atrazine, has been set at 0.7 mg/kg body weight (bd wt) per day by the
simazine and cyanazine, was initiated in November of 1994. Th&Vorld Health Organization (WHO) (Kello, 1989; WHO, 1987).
review was initiated because experimental animal data indicated ) . ..

these compounds are possible human carcinogens. The EPN. Summary, Overall Evidence for Carcinogenicity
determined that exposure to atrazine through food and water, (non-breast sites)

through the use of lawncare products, and by occupational

exposures in pesticide applicators, may “pose risks of concern®- Human Studies:

(USEPA, 1994). A proposed decision on atrazine is not anticipate!ﬁcreased cancer risk at non-breast sites has been documented in

until sometime in 1999 (BNA, 1997). agricultural workers exposed to atrazine, including ovarian tumors
o o in female farm workers and some evidence of increased incidence
B. Drlnklng Water Standards and Health Advisories: of non_Hodgkin’s |ymphoma (NHL) in male farm workers.

1. MCL: The EPA has set Maximum Contaminant Level (MCL)

for atrazine in drinking water at 0.003 mg/ L (USEPA, 1996). Thel. Case-Control Studies in Agricultural Settings:

MCL for atrazine was set in 1991 and was based on adverse effedds Ovarian Cancer:

on the kidney and liver in dog and rat studies (USEPA, 1994;Two case control studies have been conducted to determine the
USEPA, 1991). The MCL is an enforceable limit for the maximum relationship between herbicide exposure and ovarian mesothelial

allowable concentration of a chemical in public drinking water tumors in female agricultural workers residing in Northern Italy
supplies. (Donna et al., 1984; Donna et al., 1989). The first study included

60 cases of primary ovarian mesothelial tumors and 127 hospital-
2. HA: Health Advisory (HA)* levels for atrazine in drinking water pased controls with non-ovarian malignancies matched for year
are as follows: of diagnosis, age and residence. Although actual herbicide
exposures were not quantified by measuring blood or urine

10 kg child: samples, subjects were divided into three exposure groups:
* One-day = 0.1 mg/L definitely exposed (personal use of herbicide confirmed by subject
* Ten-day = 0.1 mg/L or next of kin); probably exposed (resided in areas of known usage);
* Longer term = 0.05 mg/L and no exposure. In the initial analysis, it was found that the

Relative Risk (RR) of ovarian tumors in women with definite

70 kg adult: exposure to herbicides was 2.2 (95% CI 0.77-6.32); however, this
* Longer term 0.2 mg/L was based on eight cases and no controls. When the definitely
* Lifetime = 0.003 mg/L and probably exposed cases were combined, a positive association

(RR=0.38; 95% CI 1.90-16.07) was found between exposure to
* The HAs are non-enforceable limits of the concentration of theherbicides and ovarian mesothelial tumors (Donna et al., 1984).
chemical in drinking water that is not expected to cause any adverdteshould be noted that this study did not specifically mention that
noncarcinogenic health effects when consumed for no more thatiiazines were among the herbicides the women were exposed to
the time period specified, with a margin of safety (USEPA, 1996).(Donna et al., 1984); however, in the second study conducted by

the same investigators (Donna et al., 1989), it was stated that

C. Food Residue Tolerances: _ _ _ “exposure to triazines was often reported by the interviewed
The EPA sets tolerances for levels of atrazine residues in foo%ubjects” in the 1984 study

The Food and Drug Administration (FDA) and the US Department

of Agriculture (USDA) are the federal agencies responsible forTo further clarify whether triazine exposure affects ovarian cancer
monitoring the levels of atrazine residues and several metabolitedsk, a second study using more appropriate population-based
in domestic and imported foods and animal feeds. Because afontrols was conducted (Donna et al., 1989). Cases included 69
new legislation set forth in the 1996 Food Quality Protection Act,women diagnosed between July 1, 1980 and June 30, 1985, with
the tolerances for atrazine may be reset according to the nehistologically confirmed malignant epithelial ovarian tumors.
guidelines. Until the tolerances are reset, current tolerances set 3ases were identified from the Alessandrian Hospital Cancer

4 Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State



Register. Population controls (two per case) were recruited froncases included male residents of lowa 30 years or older with NHL
electoral rolls of towns in the study area and were matched tdiagnosed between 1981 and 1983 (all cases in state eligible) and
cases by 5-year age group. A questionnaire was administered Minnesota men (cases did not reside in major cities in Minnesota)
determine information on occupational history, involvement indiagnosed with NHL between 1980 and 1982. Diagnoses were
agriculture, and personal use of herbicides. From this informationgonfirmed by pathologists. Population based-controls (n=1245)
subjects were categorized as being 1) definitely exposed, 2yere matched by 5-year age group, vital status at time of interview,
possibly exposed, or 3) unexposed to triazines. Women “definitely’and state of residence. Information on medical, occupational and
exposed to triazines had a elevated RR of 2.7 (90% CI 1.0-6.9) faesidential history; known or suspected cancer risk factors; history
ovarian neoplasms, while those possibly exposed had a RR of 1 farming practices, type of livestock, crops grown, and length of
(90% CI 0.9-3.5) (Donna et al., 1989). Although the methods usedesiding on farm; and detailed history of pesticide use was obtained
to categorize exposure were relatively crude, these preliminarpy a trained interviewer. This was one of the few studies that
findings should be confirmed or refuted by a study which morecontrolled for confounding variables, including vital status,
carefully quantifies exposure to triazine herbicides. cigarette use, family history of lymphopoietic cancer, and
nonfarming jobs related to NHL. This study did not find a

b. Non-Hodgkin’s Lymphoma (NHL): significant association between atrazine use and NHL (OR = 1.1;

Epidemiological case-control studies of male farmers exposed 8504 C 0.8-1.6), based on 64 cases and 133 controls (Cantor et
atrazine conducted in Kansas (Hoar et al., 1986), and eastery) 1992) ’

Nebraska (Weisenburger, 1990 a; Zahm et al., 1988), found an

increased risk of NHL associated with atrazine or triazine usea study by Zahm et al. (1993 a) evaluated the role of different
while an association was not found in a study conducted in meRerbicides in the development of NHL by pooling the data from
from lowa and Minnesota (Cantor et al., 1992). studies conducted in Kansas (Hoar et al., 1986), Nebraska

In the Kansas study, newly diagnosed cases of NHL in white me '\/Veisenburger, 1990 a; Zahm et al., 1988; Zahm et al., 1990), and

from 1976 through 1982, were identified through the University owa _and I\_/Imnesota (.Ca.ntor et ‘T"I" 1992)'. Each study _used
of Kansas Cancer Data Service (Hoar et al., 1986). Populatio uestlonna.|res to obtain information on ggrlculturgl practices,
controls (three per case) were selected by random digit dialin ough the instruments were not the same in all studies. When the

. ) . Uata from the studies were combined, atrazine use was associated
and from Medicare files. Controls were matched to cases according; ' .
to age £ 2 years) and vital status. History of pesticide use, type ith an OR of 1.4 (95% Cl 1.1-1.8) for developing NHL. However,

of crops farmed (wheat, corn, sorghum or pasture), number of da hen the use of the phenoxy herbicide, 2,4-D, and organophosphate
per year exposed to’spec'ific pesticides typé of protectiv OP) insecticides was controlled for, the association between NHL
equipment used, and number of acres treated were obtained pd atrazine was reduced (OR=1.2; 95% CI 0.9-1.7). The state

telephone interview. The OR for NHL was elevated in those tha c'jth t?e m??t d;a;ngtlc rgdgs'?ﬁ |nO%IR} WaI\TH'\II_eP rzi;ka: Without
ever used triazine herbicides (OR=2.5; 95% CI 1.2-5.4), based ofiIus m_en_ or 2,4-D an , the or In tnazine users
14 cases and 43 controls. When use of 2,4-D and uracils w yas 1.7; with adjustment for OP and 2,4-D use the OR dropped to

controlled for in triazine users, the OR decreased to 2.2 (95% C 7o §hou|d be npted that this state had the most detailed
0.4-9.1), though this was based on only three cases and 11 Comrolgformatlon on atrazine usage. The authors concluded that there

The authors acknowledged certain limitations of this stud ,Was I.ittle to no increased risk of NHI.‘ in white men expos_ed to
g yErazme (Zahm et al., 1993 a). Questions about the analysis of the

including recall biases and possible inaccuracies in assessi& i studies were raised by Crosignanni and Berrino (1994), and

pesticide exposure by questionnaire; however, the authors sugg ) :
this may have lead to an underestimate, rather than to an ov ese concerns were answered in an accompanying letter by Zahm
' and Blair (Zahm and Blair, 1994).

estimate of exposure (Hoar et al., 1986).

In the Nebraska study, cases of NHL diagnosed during 1983-86 iﬁ)nly one study has evaluated the role of agricultural pesticide use

. : e ; : .. on the development of NHL in women residing in Eastern Nebraska
whites aged 21-years or older, were identified using the Umversn;Pn .
of Nebraska Lymphoma Study Group Registry and area physiciaﬁz""hmh etal,, 1993 b)'.f. lV(Ijetths folr s:a/\llegtlngbcases fg‘;o"?”z”?]'s
records. The study included 201 men with histologically confirmed /ere the same as specified previous y (Weisenburger, a, cahm

NHL. 725 population-based controls (three per case) were matche a(lj.,t .1988)' Thf risk of df"e"g’g‘g FZH-ngl/ngeg ZWQO bhad d
for age ¢ 2 years), sex, race and vital status. Atrazine use wa sed triazines on farms was low ( S 0 -6-2.6), ase
associated with an OR of 1.4 (95% CI 0.8-2.2) for developingOn 12 cases and 38 controls. The rlsfk c.)f NHL was elevated in
NHL, and when duration of use was greater than 15 years, the O omen who had personally handled triazines (OR = 2.2; 95% Cl

increased to 2.0 (Weisenburger, 1990 a; Zahm et al., 1988). -1-21.5), but this was only bgsed on one case and two controls.
However, as mentioned previously, this study and the study on

A case-control study conducted in lowa and Minnesota determinedastern Nebraska men was reanalyzed controlling for use of OP
the risk of NHL in 622 men with newly diagnosed NHL. Eligible insecticides and the herbicide 2,4-D. When these pesticides were
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controlled for, the effect of atrazine on NHL risk was greatly (95% CI 0.2-7.9), based on two cases and 43 controls. While this
diminished (Zahm et al., 1993 a). study does not support a relationship between triazine exposure

An international cohort of 21,183 workers from 11 countries was®Nd cancer risk, the very small number of subjects limits the

followed for the development of NHL in workers exposed to statistical power of this study to detect an association.
various herbicides and other environmental contaminantse Leukemia:

(K(;)ge\{lnlaf] et_al.z 1995)'_ Exposures were assessed bY a pa,”e'ﬂie risk of leukemia in men exposed to specific types of pesticides,
Industrial hygienists, using company exposure queSt'on,na',reﬁncluding triazines, was investigated in a population case-control
There was no excess risk of NHL in workers exposed to tnazmegtudy in lowa and Minnesota (Brown et al., 1990). White men

(OR= O7d 95(_)?_’ %l 0.1-3.1). The specific type of triazine EXPOSUT&y it newly diagnosed cases of leukemia were determined from
was not identified. March 1981 to October 1983 through the lowa Tumor Registry,
c. Multiple Myeloma (MM): and in Minnesota leukemia cases that occurred between October

Two small case control studies did not find an association betweeh980 and September 1982 were identified through a network of
triazine exposure and the risk of developing MM in men (Brown hospital and pathology laboratories located in non-urban areas of
et al., 1993; Burmeister, 1990). A case-control study wadhe state. Population-based controls were selected by using a
conducted in lowa to look at the relationship between MM andcombination of random-digit dialing, Medicare records and state
exposure to a variety of herbicides, including triazine herbicidegleath certificate files. Cases and controls were matched by 5-year
(Burmeister, 1990). Cases of MM diagnosed between Januar§d€ group, vital status at the time of the interview, and state of
1982 through March 1984 were identified using the lowa Statdesidence. A questionnaire was administered via an interview to
Health Registry records (n=198). Controls were selected usin§ubjects, or to close relatives if cases where deceased, to obtain
random digit dialing and were matched for sex anda§gears information on residential history, non-farm occupational history,
(n not specified). Exposure to any of the herbicides evaluated ifmoking and alcohol use, medical records, family history of cancer,
this study did not significantly increase the risk of MM. The OR farm activities regarding crops and livestock raised, and the types

for developing MM with exposure to triazines was slightly elevated@nd usage of insecticides, herbicides and fungicides. A
(OR=1.29; CI not specified). supplemental questionnaire was administered to obtain additional

information on the number of days per year that pesticides had
In another population-based, case-control study, Brown et aleen handled. Potential confounders, including vital status, age,
(1993) examined the risk of MM in men who had mixed, handledstate, tobacco use, family history of leukemia, non-farming
or applied specific pesticides, including atrazine. Cases wergccupation, and exposure to chemical agents known to affect
identified from lowa Health Registry Records and included alljeykemia risk were adjusted for in statistical analysis of the data.
men over the age of 30 diagnosed with MM during the years 198}s 3 class, use of triazine herbicides was found not to be associated
to 1984. Controls did not have lymphatic or hematopoitic cancelyith increased risk of leukemia (OR=1.1; 95% CI 0.8-1.5), based
and were identified using random digit dialing, Medicare recordspn 67 cases and 172 controls. Risk according to use of specific
and state death certificates. Cases were matched to controls Byhes of triazine herbicides was also evaluated, but neither use of
age f 5 years) and vital status at the time of the interview. Aatrazine (OR=1.0; 95% CI 0.6-1.5, 38 cases and 108 controls) nor
guestionnaire was used to obtain information handling and usene use of cyanazine (OR=0.9; 95% CI 0.5-1.6, 21 cases and 64
and duration of use of specific pesticides. There was not gontrols) was associated with increased risk of leukemia. Although
relationship between exposure to atrazine and the risk of MM (ORhjs study does not support a relationship between triazine exposure
=0.8; 95% CI 0.4-1.6) in this study. However, this conclusionand risk of leukemia, risk was based on a relatively small number
was based on a small number of cases (n=13) and controls (n =73 individuals, and since exposure was assessed by questionnaire,
recall bias may have affected the accuracy of the estimated
gxposures.

d. Colon Cancer:
A case-control study conducted in Kansas did not find a relationshi

between the incidence of colon cancer and use of triazine herbicid%s Cohort Mortality Studies, Triazine Manufacturing Workers:
(Hoar et al., 1986). The type of triazine herbicide used was N0, ses of mortality have been evaluated in a series of studies in a
specified. In this study, the cases were obtained from all colon 4t of men employed at a Alabama plant that manufactured

cancer cases diagnosed in Kansas from 1976 to 1982, while contralg e, ira| chemicals, including organochlorines, OPs, fungicides,
were obtained from the general population by using random digif,jiocides and triazine herbicides (Sathiakumar et al., 1992:
dialing and from Medicare and State mortality files. NO g4ihiakumar et al. 1996).

information was available on methods used to obtain information

on pesticide use practices, nor did the study state if cases aral the first study mortality rates of the 4323 men employed at the
controls were matched for age or vital status. The OR formanufacturing facility were compared to mortality rates of US or
developing colon cancer in those who had used triazines was 1Alabama men in order to calculate Standardized Mortality Ratios
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(SMR). SMR is defined at the ratio between observed and expectedanufacturing plant for less than one year in triazine-related
deaths divided by 100. To be included in the cohort, men had tpositions. The definite/probable triazine exposure group had, on
be employed in production-related jobs for at least one monttaverage, 18 years of follow-up, which may not be a sufficient time
between January 1, 1951, and January 1, 1987. It should be noteml allow for long-latency period between an exposure and
that only 39% of the cohort was followed for at least 20 years andlevelopment of cancer. Also, duration of exposure to triazines
85% of the cohort was less than 45 years of age. The young agewas relatively short, since 85% of the definite/probable group had
the cohort limits the usefulness of these data in determining thbeen exposed to triazines for less than four years (Sathiakumar et
relationship between mortality from cancer and chemicalal., 1996). While this study did not find any convincing evidence
exposures. Mortality from cancer was elevated in those employedf a causal relationship between triazine exposure and any type of
less than five years (SMR=148; 95% 103-206), but was lower thacancer, further studies are needed with longer monitoring periods.
expected in those employed greater than five years (SMR=89; 95%uture studies also need to include women in the cohorts.

Cl 54-139). Among those employed for less than five years . - .
elevated mortality rates were reported for cancer of the bucal ca\‘)g-' Summary, Hu_man Carcinogenicity Studies

ity (SMR= 451; 95% CI 91-1318), esophagus (SMR=812: 950, (nOn-breastsites): , , _

Cl 218-2079), lung (SMR=173; 95% Cl 92-295), the centralone study has shown an increased risk of ovarian cancer in women

nervous system (SMR 310; 95% CI 83-793) and NHL (SMR=280'eXposed to an herbicide containing atrazine (Donna et al., 1989).
95% CI 58-819) Howevér among those employed for gre(,ite’l,:_xposure to and/or use of triazine herbicides in agricultural settings
than five years, mortality rates were slightly, but not significantly does not appear to affect the risk of NHL in women (Zahm etal,
elevated for only lung cancer (SMR=126; 95% Cl 57-239); and1993 b) or in men when the confounding effects of using other

all cancers of the lymphatic and hematopoietic tissue (SMR=142thb3iCideZ Sl:j(_:h aﬁ 2,4 -D arr:d OP are con_tro_lledbfor (zahm et al.,
95% CI 38-364). In this study, there was no control for tobacco1 a). Studies have not shown an association between exposure

use, so increases in mortality of the bucal cavity, esophagus arid tr|a2|r_1e herbicides and t_he risk of MM (Brown et al., 1993;
lung cannot be interpreted and may not necessarily be due urnmeister, 1990), leukemia (Brown et al., 1990), or colon cancer

occupational exposures to chemicals. This study made no attem goar l?t aI.,leSGf) In men. éﬁcr)lwe\;er, tEeze Sl.tuqlej were bas(;ed on
to estimate exposures to specific classes of chemicals, so this stu mf? nurp erofcasesan therefore ha _a|1<|m|te powerto detect
is of limited usefulness in determining if exposure to a specifica effect of triazine exposure on cancer risk.

triazine affected cancer mortality in this cohort (Sathiakumar efg. Experimental Animal Studies (non-mammary sites):

al., 1992). Studies in mice have not shown an oncogenic effect of long-term
ministration of atrazine in the diet, while atrazine administered

In a later study, an attempt was made to see if there was relationsHip ™. ", ™" . : .
y injection has been found to induce lymphomas in male mice.

between cancer mortality and possible exposure to triazinS | imal feedi di ith ine h found
herbicides in a cohort drawn from two chemical manufacturing ome long-term animal feeding studies with atrazine have foun

plants (Sathiakumar et al., 1996). Employment records were usetaeatmgnt.—relalted tumors in the uterus gnd lymphatic system and
to obtain work histories and job titles to determine those Wi,[hmthe pituitary in female rats. These studies are summarized below.

definite (group 1), probable (group 2), or possible (group 3)1_ Mice:

triazine-related work histories. No actual quantification of triazineAn unpublished mouse study (Hazelette and Green, 1988) was
exposures was done, nor were the types of triazine herbiCid%cated in summary form in the Special Review Document on
spec!ﬂed. Of the 4388 men employed at plant_ 1 (same cohort a(éﬁrazine (USEPA, 1994), a Drinking Water Criteria Document
Sathlakumar etal., 199_2)',3676 men were mcludeq who ha USEPA, 1989) and in the EPA Integrated Risk Assessment System
potential exposure to triazines. From plant 2, subjects Were|R|S) Database (IRIS, 1998). Male and female CD-1 mice (60
employed for at least six months from 1970 to 1986 in production- er dose per sex) were fed 0, 10, 300, 150008CBpm atrazine
relatedljobs. Of the 1472_men in the or|g|.nallcohort, 1269 wer tarting at five weeks of age for 91 weeks. While cardiac thrombi
determined to have pqtentlal exposure to trlaz_mes. Therefore, t.r\ﬁas observed in the animals fed 1500 and 3000 ppm atrazine and
tbota;: nlumber of men included was 4917 subjects (28 worked in.,nyibyted to unscheduled deaths before the end of the study, there
oth plants). were no treatment-related effects of atrazine on the incidence of

Of the 4917 subjects, 55% (n=2683) had definite or probableény tumors (USEPA, 1989). The number of animals per group,
exposure to triazines. Expected mortality for any cancer in thénd the duration of treatment were adequate for assessing the
definite/probable group was lower than expected (SMR=72; 9599Nncogenicity of atrazine. However, other aspects of this cancer
Cl 58-89), which may suggest a healthy worker effect. The onlyPioassay could not be evaluated because of the limited amount of
cancer that had an elevated mortality rate was NHL (SMR=3g5information available in the summaries. For instance, no
95% CI 79-1124), based on three observed and 0.78 expectd@formation was available on how the histopathological evaluation
deaths. However, two of the NHL cases had worked at th@f the tissues was conducted. There did appear to be an effect on

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State 7



body weight that was treatment related. Body weights after threautopsies were performed on all animals who died during the course
months of treatment were reduced 33% in males and 14% iof the experiment and all tissues were examined
females receiving 3000 ppm atrazine, while body weights in thehistopathologically.

1500 ppm group were reduced by 40.6% for males and 12.1% in he f | h ianifi d (Cochran-Armi
females, respectively. This suggests that the Maximum ToIerateH1t e female rats there was a significant trend (Cochran-Armitage

Dose (MTD) was exceeded in the females receiving 3000 ppr‘ﬁren.d test, p < 9'05) fora higher incidence of the total number of
atrazine, and in the males receiving 1500 ppm atrazine. Bod ahgnant uterine tumors in the high-dose 750 ppm (14/45)
weight changes observed in the 1500 ppm and 3000 ppm atrazin t_razme—treateq group compared to cpntrols .(7/45)' The authors
treated groups may have altered the sensitivity of the bioassay Ote.d that the incidence of endom_etnal carcinomas 1s gene_rally
detect an oncogenic effect. Weight reduction data in the contr pwin F344 rats (1.4%). Even with the higher rate of uterine

group and in animals fed the lower doses of atrazine were nongnocarcinomas in the_ contrql group of 13.3% (6/.45)’ the
available in the summary (IRIS, 1998). incidence of 28.8% (13/4) in the high dose 750 ppm atrazine group

was still significant (p < 0.05). However, there were no treatment
The effect of triazines on tumor induction in mice was evaluatedelated differences in the total number of benign and malignant
by injecting Fogard S (a formulation composed of 25% atrazineuterine tumors in the 750 ppm (19/52) and 375 ppm (17/45)
and 37.5% simazine) into 25 female Swiss albino mice at threeatrazine-treated groups compared to controls (16/45). The
day intervals over a 39-day period for a total of 6.5 mg activecombined incidence of leukemias and lymphomas was significantly
principal per mouse (Donna et al., 1981). The control group of 5higher (Cohran-Armitage trend test, p < 0.05) in 750 ppm atrazine-
animals received an equivalent amount of saline by subcutaneoureated females (22/51) compared to controls (12/44). However,
injection. Animals were killed at timed intervals over a seventhere were no significant-treatment related differences when the
month period, and it was determined that a significantly (p < 0.01)ncidence of leukemia and lymphomas were evaluated separately
higher number of lymphomas were detected in the Forgard S treatéd the females. There was no treatment-related effect on leukemias
animals (3/24) compared to the controls (0/50). This study dicbr lymphomas in male rats. While there was an increased incidence
have some limitations as a cancer bioassay, including am pituitary adenomas in the males fed 375 ppm (21/41) and 700
inappropriate route of administration by subcutaneous injectionppm atrazine diets (17/43), compared to controls (9/42), this effect
limited duration of treatment, limited observation time (sevenwas not statistically significant (Pinter et al., 1990).

months), inadequate number of animals per group (only 25) ang\ 104 K . - q q di | d
the loss of animals due to disease (black scours). -week atrazine oncogenicity study, conducted in male an

female Fischer 344 (F344) fed 0, 10, 70, 200 and 400 ppm atrazine,
Donna et al. (1986) conducted a second study evaluating théid not find an increased incidence of uterine tumors, or lymphomas
oncogenic effect of atrazine in mice. Thirty four-week-old male and / or leukemias in atrazine-treated animals (Thakur et al., 1998).
Swiss albino mice received 13 injections (i.p.) of a 0.25 ml atrazinélreatment and control groups consisted of 60 animals per dose
solution every three days (total dose of atrazine 0.26 mg/kg bd wiper sex. Complete autopsies were performed on all animals at the
during the 39-day dosing period. Control groups consisted of 5@nd of the 104 week study, and a histopathological evaluation was
mice injected with 0.25 ml of saline and 50 untreated mice.performed on all tissues. Differences in the results of this study
Surviving animals were killed after 375 days of observation. Theand the Pinter study may be due to the differences in atrazine dose
incidence of lymphomas was significantly increased (p < 0.001)evels used in these studies. Pinter observed treatment-related
in the atrazine-treated mice (6/30) compared to saline-treated (@ffects only at the high dose level (750 ppm) and not at the lower
50) and (1/50) untreated controls. dose (375 ppm) of atrazine. The 375 ppm level of atrazine used in
2 Rats : the Pinter study is similar to the highest dose (400 ppm) of atrazine

o . L . ._used in the Thakur study.
A life-time carcinogenicity bioassay of technical grade atrazine
(98.9% purity) was performed on female and male Fischer 344 Ih another study, female Sprague-Dawley (SD) rats fed 0, 10, 70,
LATI rats (Pinter et al., 1990). Male and female rats weighing500, and 1000 ppm atrazine (96% pure) for their lifetimes
150 to 180 grams (n = 50-56 per dose per group per sex) were felbveloped a significantly higher incidence(.05) of pituitary
0, 500 and 1000 ppm atrazine in the diet for the first eight weeksumors (combined adenomas and carcinomas) in the 500 ppm group
of treatment, but because of toxicity symptoms, including change§61/70) compared to controls (47/70) (Stevens et al., 1994). There
in body weight and water consumption, mid- and high-doses wergere no significant treatment-related differences when the pituitary
lowered to 375 and 750 ppm for the duration of the 126 weekumor incidence was reported separately for adenomas and
dosing period. While survival rate was similar in the females incarcinomas, nor were treatment differences observed at the 1000
the atrazine-treated and control groups, in male rats survival ratepm dose level. This study was only available in summary form,
was significantly higher in the 375 ppm (p = 0.019) and 750 ppmand full details of the experimental design and histopathological
(p < 0.0001) atrazine-fed groups compared to controls. Completevaluation were not available.
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3. Summary, Experimental Animal Studies information was obtained from death certificates, no pesticide
(non-mammary sites): exposure-related information was available on these subjects.
An oncogenic effect of atrazine has not been observed in longAnother study of 50,682 Swedish women farmers did not find an
term feeding studies in mice (Hazelette and Green, 1988). Amxcess of breast cancer incidence (Wiklund and Dich, 1994).
increase in the incidence of lymphomas has been observed in mafdthough no information was available on the specific types of
Swiss albino mice that were treated with atrazine by injectionpesticides used by this population, the authors did note that the
(Donna et al., 1986). An increased incidence of uterine tumoranost common herbicides used in Sweden have been phenoxy
and combined incidence of leukemia and lymphomas, has bednerbicides. It is not known if this population was exposed to
observed in F344/LATI female rats fed up to 750 ppm atrazindriazines. Although a study of Danish women employed in
during their lifetimes (Pinter et al., 1990). Other two-year cancetherbicide manufacture (Lynge, 1985) and Japanese study of women
bioassays have not observed an increased incidence in uterine rice workers (Vineis et al., 1986) are commonly cited as evidence
lymphatic system tumors in F344 male or female rats (Thakur efor a lack of a relationship between pesticide exposure and breast
al., 1998) or in SD female rats (Stevens et al., 1994). The combinezhncer risk, it should be noted that these studies focused on whether
incidence of benign and malignant pituitary tumors wasexposure to phenoxy herbicides affected cancer incidence. No
significantly increased in female SD rats fed 500 ppm atrazinamention is made of atrazine use in these studies.
compared to controls. However, there was no treatment effecA

L o . n ecological study in Kentucky has recently compared breast
when the incidences of pituitary adenomas and carcinomas were . : T
cancer rates by county to an index of estimated triazine exposure
analyzed separately (Stevens et al., 1994).

(Kettles et al., 1997). Age, race, age at first birth, income, and
C. Classification of Carcinogenicity by Other Agencies: level of education were controlled for using regression analysis.
1. IARC Classification: Group 2B, possible carcinogen (IARC, The OR for breast cancer risk with “medium” or “high” levels of
1991). The IARC Working Group concluded that there wastriazine exposure was significantly elevated (OR = 1.14, p <0.0001,
inadequate evidence to classify atrazine as a human carcinogé’R = 1.2, p <0.0001, respectively). However, this study does not
and limited evidence of experimental carcinogenicity in animals.provide evidence for a causal relationship between triazine
The classification took into account the observation that atrazin€@xposure and breast cancer risk, because individual exposures were
has been found to disrupt endocrine pathways along th&ot determined, and many assumptions were made in calculating
hypothalamic-pituitary-gonadal axis. Studies in humans andhe triazine exposure index. Some of these assumptions were not
animals indicated sites of carcinogenicity in tissues known to beyalidated. For instance, estimates of levels of triazines in surface
affected by hormonal factors, including ovarian cancer in womerwater were obtained from reports in the Division of Water of the
(Donna et al., 1984; Donna et al., 1989) and an increased nciden&gntucky Environmental Protection Cabinet. The results were
of mammary cancer in male rats (Pinter et al., 1990). Note thateported as being “positive or negative;” actual levels of triazines
the IARC bases its carcinogenicity evaluations on studies availabl# the surface water were not available. The levels of atrazine,
in the open-peer reviewed literature. In 1991, none of the Cibasimazine and cyanazine as separate compounds were not available.
Geigy studies on the oncogenicity of atrazine in rats or mice hadriazine use was estimated from figures on the total amount of
been published (Stevens et al., 1994; Thakur et al., 1992; Thakupesticide used by applicators in each county; specific breakdown
et al., 1998; Wetzel et al., 1994). of the use of triazine pesticides was not available. A surrogate
o ) ) N measure of pesticide exposure, acres of corn planted for the years
2. NTP Classification: Not listed in the 8th edition of tieeport 1970, 1980, and 1990, was used to estimate atrazine use. However,
on Carcinogens(USDHHS, 1998). such data would be expected to also predict use of other corn

3. EPA Classification The EPAs IRIS database indicated the herbicides, cyanazine (also a triazine) and non-triazines,
carcinogenicity assessment of atrazine as “pending” (IRIS, 199g)jMetolachlor and alachlor. The assumptions made in estimating
The USEPA had previously classified atrazine as a class C, possibﬁ@az'ne exposure severely limit the usefulness of the study’s index

carcinogen (USEPA,1994). of atrazine exposure and, therefore, limit the usefulness of the
’ results of this study in predicting whether atrazine exposure affects
V. Critical Evaluation of Evidence for breast cancer risk.

Breast Cancer Risk A prospective epidemiology study is currently underway
A. Human Breast Cancer Studies: (Agricultural Health Study) in lowa and North Carolina that will
While an epidemiology survey of female farmers in the US did®Valuate whether exposures to pesticides, including atrazine, affect

find an excess mortality associated with diseases of the genital'® rate of breast cancer in female agricultural workers, pesticide
urinary system, this study did not find an excess mortality from2PPlicators and women who live on farms. Itis expected that over

breast cancer (Blair et al., 1993). However, since this occupational0-000 women will be enrolled in this study (Alavanja etal., 1996).
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B. Experimental Animal Studies of Mammary Carcinogenicity: was a high background incidence of benign mammary tumors in
1. Mice: control and both treated groups, but no treatment-related effects
Studies in mice have not demonstrated a oncogenic effect afere reported (Pinter et al., 1990).

atrazine in the mammary gland. A unpublished 91-week cancer

bioassay in CD-1 mice (Hazelette and Green, 1988) was availabiEhis result is in contrast to an atrazine cancer bioassay conducted
in summary form in an EPA Drinking Water Criteria document in F344 rats reported by Thakur et al. (1998). Male and female
(USEPA, 1989) and in the Special Review document on triazine§344 rats (60 per dose per sex) were fed 0, 10, 70, 200 or 400 ppm
(USEPA, 1994). In this study, five-week old CD-1 mice (60 atrazine for 104 weeks. Incidence of mammary tumors in female
animals per sex per dose) received 0, 10, 300, 1500 and 3000 pgi{s were not reported. There were no treatment-related effects on
atrazine in the diet for 91 weeks. There were no treatment-relatefie incidence of either benign mammary fibroadenomas or
effects on the incidence of mammary tumors. Due to limitedmalignant mammary adenocarcinomas in the male F344 rats. |t

information on the experimental design of this study, we couldhas been argued that the difference in the Pinter et al. (1990) and
not evaluate if it was an adequate cancer bioassay. Thakur et al. (1998) studies may be due to differences in their

experimental design. The Pinter et al. (1990) study was a life-
Flaws in the experimental design of several mouse cancer bioassatysie cancer bioassay which treated the animals for up to 126 weeks,
make them inappropriate to include in an evaluation of atrazine’svith some animals surviving in the treated groups as long as 136
oncogenic potential. Innes, et al. (1969) found no evidence ofveeks. The Thakur et al. (1998) study terminated the experiment
treatment-related tumors at any site after oral administration at04 weeks after initiating treatment. The longer survival time of
21.5 mg/kg (82 ppm) atrazine for 18 months via stomach tube inhe male atrazine-treated groups compared to controls has been
two strains of mice. This study only administered one dose otited as a problem in interpreting the results of Pinter etal. (1990)
atrazine, so a dose-response could not be evaluated. Also, amregard to the development of late-stage tumors in F344 male
insufficient number of animals was used to evaluate the effect ofats (Thakur et al., 1998). For example, by 110 weeks, about 15%
long-term atrazine administration on tumorigenesis. A study byof the controls, 30% of the 375 ppm, and 50% of the 700 ppm
Weisenburger et al. (1990 b) on the carcinogenicity of atrazinenale animals survived in the Pinter study. None of the control
andN-nitrosatrazine in mice also can not be used in this evaluatiomats survived beyond 113 weeks, while 10% of the 700 ppm atrazine
because of lack of multiple doses, short duration of follow-up,treated males survived to 136 weeks (Pinter et al., 1990). Thakur

and problems with toxicity and morbidity of the animals. et al. (1998) noted in their critique of the Pinter study that six out
of the eight mammary gland tumors observed in the 750 ppm
2. Rats: atrazine treated male F344 rats occurred after the last male control

The mammary tumorigenesis of atrazine has been evaluated it had died. They further argued that these differences in survival
several strains of rats, including the Fischer 344/LATI, F344, anttate makes a statistical comparison of tumor incidence between
the SD.. Critiques of these studies are presented below. the treated and control groups invalid (Thakur et al., 1998). Another

L , L i possible explanation may be in differences used in the pathological
Life-time carcinogenicity bioassay of atrazine was performed or|ssification of the tumors. In Pinter’s study benign mammary

female and male F344 /LATI rats (S0 animals per dose per s&Xyjand tumors were classified as fibromas, fibroadenomas, or
(Pinter et al., 1990). Rats (150 to 180 grams bd wt) received Qyjenomas, in contrast to Thakur who used only the fibroadenoma
500 and 1000 ppm atrazine in the diet for the first eight weeks of agsification to describe benign mammary gland tumors. It is
treatment, and because of toxicity symptoms, mid- and high-dosegs, possible that the European F344/LATI rat has a different

were lowered to 375 and 750 ppm for the duration of the 126¢5ngnsjveness to atrazine-induction of mammary tumors than the
week dosing period. This life-time carcinogenicity study, which o merican-bred F344 rats.

was conducted in Europe, had a longer duration than the 104-week

cancer bioassay, which is more commonly the duration of longSeveral studies have been conducted evaluating the oncogenicity
term assays conducted in the US. While survival rate was similasf atrazine in the SD rat. A two-year chronic feeding study was
in the females between treated and control groups, survival rate ifonducted by Ciba-Geigy in 1986 (Mayhew et al., 1986) and was
the atrazine-treated males was significantly higher than controlsavailable in summary form in two EPA publications (USEPA, 1989;
A significantly higher incidence of benign mammary tumors USEPA, 1994). Some of the results of this study have been
(fibroma, fibroadenoma and adenoma combined) were reportegublished in the peer-reviewed literature (Stevens et al., 1994).
in the high-dose male group (9/53) compared to controls (1/48, Male and female SD rats at 37-38 days of age (50 per sex per
< 0.01 by Fischer’s exact test; p < 0.05 by Peto’s incidental tumodose), were fed 0, 10, 70, 500 or 1000 ppm technical atrazine (96%
test). When the incidences of these tumors were reportegure) for two years. Ten additional rats per sex were fed the high-
separately, there were no significant differences between contralose (1000 ppm) atrazine diet for a 12-month interim sacrifice. In
and atrazine-treated male F344/LATI rats. In the females, therehe female SD rats, a significant increase (p < 0.01) in mammary
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fiboroadenomas was observed in rats fed the 1000 ppm atrazin@0/45, p< 0.05), but not in the 70 ppm atrazine group (1/40)
diet (46/89) compared to controls (29/88). There was also @ompared to controls (1/40). It should be noted that the type
significant increase in the incidence of malignant mammary(benign/malignant) and the histopathological classification (i.e.,
adenocarcinomas in females fed 70 ppm (27/69, p < 0.05), 508denoma, adenocarcinoma, fibroadenoma, etc.) was not specified.
ppm (27/70, p < 0.01), and 1000 ppm atrazine (45/89, p< 0.01)An earlier abstract of this study (Thakur et al., 1992) gave additional
compared to O ppm controls (15/88). The incidence of theinformation on the onset and types of tumors observed. There
mammary fibroadenomas and adenocarinomas was outside tlveas a significant positive trend for mammary fibroadenomas and/
historical control range. The incidence of mammary tumors inor carcinomas and a significant increase in the rate of onset of the
male SD rats was not reported by Stevens et al. (1994). mammary gland tumors in the SD rats that received the diet
o containing 400 ppm atrazine (Thakur et al., 1992). Thakur et al.
Stevens et al. (1994) also reported the incidence of mammar 1992; 1998) and Wetzel et al. (1994) noted the SD rats fed 400

Furgcl:))r? In tvlvo otherllong—term cs_rcmogenlmltly dSt“uSd'ej ci)"n(:uctel pm atrazine were at, or may have exceeded, the MTD as evidenced
in emale rats. In a cancer bioassay called “Study 1", femal v loss of body weight.

SD rats were fed atrazine at 0, 10, 100, and 1000 ppm for two

years. A significant increase in mammary fibroadenomas wa8ecause of the differences in the responsiveness, onset, and
observed in treated groups fed atrazine diets at 10 ppm (20/52, pircidence of mammary tumors in the female SD and F344 rat,
0.05), and 1000 ppm (22/49, p <0.01), but not at 100 ppm (14/54%0onsiderable attention has been given to determining the
compared to controls (11/54). However, interpretation of this studymechanism of mammary tumor induction in the SD rat and
is difficult, since complete details on the experimental design weregletermining if this mechanism is relevant to atrazine
not available in the Stevens et al. (1994) article. A review of thiscarcinogenicity in humans. Therefore, in Section V. C., “Other
study by the EPA indicated that there was high mortality due tdRelevant Data on Breast Cancer Risk,” we have devoted
infections in all treatment groups and the control group during theconsiderable attention to critiquing the hypotheses that have been
last six months of the study (USEPA, 1989). While theseput forth to explaining the differences in atrazine-induced
unscheduled deaths compromise the usefulness of this study, iiammary tumors in these two rat strains.

does demonstrate the appearance of mammary tumors even at Icl)_w bi I | : ial
levels (10 ppm) of atrazine in the diet in female SD rats. ong-term cancer bioassays usually evaluate oncogenic potentia

of a chemical in both sexes of two species, typically the laboratory
Another study reported by Stevens et al. (1994), called “Study 3"mouse and rat. It has been argued that the evidence of atrazine
fed 0, 10, 50 or 500 ppm atrazine in the diet over two years to S@ncogenicity is not strong because it has been identified as a
female rats. This study did not find a significant increase in eithemammary carcinogen only in one strain of female rats and not in
fibroadenomas or in adenocarcinomas when the incidences of thes&her gender of tested mouse strains (Chapin et al., 1996).
tumors were reported separately. However, the combined incidenddowever, evidence of mammary carcinogenicity only in the female
of these mammary tumors was higher in the 10 ppm (10/40, p ©f one species is fairly typical of the chemicals tested for their
0.01) and 50 ppm (13/40, p < 0.01), but not the 500 ppm (11/29)pncogenic potential by the National Toxicology Program (Dunnick
atrazine-fed female SD rats compared to controls (11/30). et al., 1995). For instance, as of 1995, 34 chemicals had tested
. o . . ositive for mammary carcinogenicity. Evidence for mammary
Effects of feeding atrazine in the diet on mammary tumor InCIdenC%arcinogenicity according to gender and species was as follows;
n SD and F344 female rats were compared in a two-year cancelyy, (21/34) of the chemicals tested positive only in female rats;
bloassgy (Wetz?' etal., 1994). The treatment and hlstopathologlc%E% (5/34) tested positive only in the female mouse; 15% tested
analysis of the tissues were condgcted |n_th|s Cl.ba—sponsored study <itive in both the female mouse and the female rat; 9% (3/34) of
by Hazelton Laboratories. Starting at SIX to e|ght weeks of 498ne chemicals tested positive for mammary carcinogenicity in both
SD rats were fed 0, 70 or 400 ppm atrazine, while F344 femaleﬁm female and male rat (Dunnick et al., 1995). Therefore, it is not

were fed 0, 10, 70, 200, and 400 ppm atrazing. The S[,) rats Welfhusual, but actually common, for chemically-induced mammary
not fed all the same doses as the F344 rats, since previous StUd{ﬁﬁnors to be observed only in the females of one species
had conducted cancer bioassays at these doses in the SD rat '

(personal communication with Kerry Miller of Ciba-Geigy). At 3. Summary, Experimental Animal Studies of Mammary

the termination of the study at 104 weeks, full necropsies were Carcinogenicity:

performed on all animals. All tissues were retained from the F344These studies in experimental animals indicate that atrazine did
rats for histopathology, while the pituitary, mammary gland, uterusnot induce mammary tumors in mice (Hazelette and Green, 1988;
and ovaries were processed from the SD animals. There were MSEPA, 1994), or in female F344 rats (Pinter et al, 1991; Wetzel
treatment-related effects on mammary gland tumor incidence it al, 1994). While an increased incidence in mammary tumors
the F344 rats. In the female SD rats, the incidence of mammarigas been reported male F344 rats treated with 750 ppm atrazine in
gland tumors was significantly elevated in the 400 ppm groupa life-time feeding study (Pinter et al., 1991), the significance of
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these results have been called into question because of the differdntvitro studies have also shown a lack of atrazine estrogenicity.
survival rates of controls and treated animals (Thakur et al., 1998)n the E-SCREEN test for estrogenicity, atrazine did not stimulate
Long-term chronic administration of atrazine in the diet in two- cell proliferation in an estrogen-dependent MCF-7 human breast
year cancer bioassays induced an increased incidence in malignaaomor cell line (Soto et al., 1995). Alack of an estrogenic response
mammary tumors in female SD rats fed diets containing 70 ppmwas also observed in atrazine-treated Hela cells transfected with
to 1000 ppm atrazine and benign mammary tumors in rats receiving Gal4-human estrogen receptor (hER) chimeric construct and a
1000 ppm atrazine (Mayhew et al., 1986; Stevens et al., 1994)uciferase reporter gene. The lack of induction in receptor gene
Other long-term feeding studies in the SD rat which we could nofctivity in atrazine-treated cells suggests that atrazine does not
fully evaluate because of a lack of information on the experimentainteract with the estrogen receptor (Balaguer et al., 1996). Alack
design of the studies, reported an increased incidence of mammaoy§ an estrogenic response was similarly observed in atrazine-treated
tumors in SD females fed 10 ppm and 1000 ppm atrazine (Study fleast transfected with hER and an estrogen-sensitive reporter.
as cited in Stevens et al., 1994) and combined incidence of benigdompetition binding assays demonstrated that atrazine displaced
and malignant mammary tumors in SD rats fed 10 or 50 ppnradiolabeled estradiol from the recombinant hER, suggesting that
atrazine compared to controls (Study 3 as cited in Stevens et ahfrazine may have some receptor-mediated anti-estrogenic activity
1994). Other long-term atrazine feeding studies in the SD femal€Tran et al., 1996). The&e vivoandin vitro assays demonstrate

rat have reported a decreased latency in appearance of mammadhat atrazine is not estrogenic and may, at certain doses, have an
gland tumors in the high-dose group (1000 ppm) (Thakur et al.anti-estrogenic effect.

1992; Wetzel et al., 1994). While results have not been consistent _ . ) )

study to study, in the SD rat dietary administration of atrazine ha§" Evidence of Hormone Disruption:

resulted in an increase incidence or earlier appearance of mammd%;razme has t_)een shown to effect endocrlne.pathways, including
tumors over a wide dose range (10 to 1000 ppm). gonadal steroids, in both female and male animals. Some of these

effects appear to be at the hormone receptor level, or by directly
C. Other Relevant Data on Breast Cancer Risk: affecting the activity of enzymes involved with steroidogenesis.
1. Evidence of Estrogenicity:
Atrazine does not appear to be estrogenic when tested igither

vivo orin vitro. In in vivoassays using immature rat uteri or the that the number of binding sites for estradiol in the rat uterus cytosol

uteri from ovariectomized (bilateral removal of ovaries) rats!decreased as the concentration of atrazine in the incubation media

atrazine did not stimulatg an increase in uterine wet vyeight 9althcreased. The decrease in number of free binding sites on the
(Connor et al., 1998; Eldridge et al., 1994 b). A uterotropic responsgStrogen receptor molecules was the same at each of the dosing
is considered to be an indication of a chemical's estrogenicitylevels. i.e. not dose dependent

The ability of atrazine to suppress estrogen-stimulated uterine
weight gain was evaluated by Tennant et al. (1994).In another study, daily injections of atrazine and the atrazine
Ovariectomized female rats were gavaged daily with vehicle ometabolite deethylatrazine to rat dams during pregnancy and
20, 100 or 300 mg atrazine/kg for three days; 2 mg of estradiolactation resulted in slow maturation of the pups’ gonadotropic
was administered on day two and three. Estrogen-dependesystem as a consequence of modified male and female pituitary 5-
uterine wet weight was significantly depressed (p < 0.05) in animalalpha-reductase activity (Kniewald et al., 1987). In 28-day old
receiving 100 and 300 mg atrazine/kg, but not in animals receivindgemale progeny from dams treated with atrazine during gestation,
10 mg atrazine/kg, compared to controls that received vehiclanterior pituitary 5-alpha dehydrotestosterone (DHT) activity was
(Tennant et al., 1994). Atrazine’s effect on estrogen-stimulatedignificantly elevated in atrazine-treated animals compared to
cell proliferation in the uterus was also evaluated. Uterine celcontrols (Kniewald et al., 1987). In other studies, atrazine or
proliferation was measured by tritiated thymidine incorporationdeethylatrazine administration inhibited anterior pituitary 5-alpha
in the uteri of ovariectomized rats treated with atrazine (1, 10, 50reductase and B#estradiol activity (Babic-Gojmerac et al., 1989).
100, 300 mg/kg) or vehicle for two days, followed by injection of What effects these changes in steroid metabolism may have in
0.15ug of estradiol on day two. Atrazine significantly suppressedterms of effects on subsequent sexual differentiation and
estrogen-stimulated uterine thymidine incorporation in rats thateproductive tract development in male or female animals, or
received 50 to 300 mg atrazine/kg (p < 0.05), but not in animalsnammary gland development, have not been evaluated. However,
that received the 1 or 10 mg/kg dose of atrazine. The authorthese results do show that atrazine can affect hormonal receptor
suggest that the suppression of estrogen-dependent uterine weidétels and pathways in endocrine tissues.

gain and thymidine incorporation indicates that atrazine may have

anti-estrogenic properties when administered at higher dose®ther researches have investigated whether atrazine can affect the
(Tennant et al., 1994). metabolism of estradiol (Bradlow et al., 1995). Estradiol can be

Atrazine has the capacity to inhibit the formation of the estrogen-
receptor complex (Tezak et al., 1992). vitro studies indicated
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hydroxylated at either the C-2 or C-16-alpha position. The 2-environment is present, and it is suggested that this is one reason
hydroxyestrone (2-OHE1) metabolite is weakly estrogenic, andvhy the female F344 rat has a lower rate of spontaneous mammary
there is some evidence that 2-OHE1 may inhibit breast celfjland tumors and a lack of responsiveness to mammary tumor
proliferation. Hydroxylation to form 16-alpha hydroxyestrone (16- induction when treated with atrazine. We will critique the
OHE1) yields a metabolite that has been associated with enhancégpothesis and the strength of the evidence supporting the
breast cell growth, increased unscheduled DNA synthesis, anthtrazine-reproductive aging” theory. First, it is necessary to briefly
anchorage-independent growth. This suggests that the 16-OHE#view the reproductive cycle of the rat and hormonal changes
pathway may be associated with genotoxic events that may increasssociated with changes in the cycle and during aging.

breast cancer risk. To determine if environmental contaminants

influence the hydroxylation pathway of estradiol, MCF-7 estrogen-8. Hormonal Events in the Normal Cycling and Aging Rodent:
receptor positive human breast cancer cells were grown in théhe reproductive cycle in rodents is characterized by a four to
presence of different pesticides, including atrazine. The ratio ofive day cycle called the estrous cycle (Cooper et al., 1986; Nelson
2-OHE1 to 16-OHE1 was determined after a 48 hour incubatiorft al., 1982). In the rat, phases of the cycle include one to two
period. The ratio was increased from control values of 1 todays of diestrus, proestrus, and estrus (Nequin et al., 1979). The
approximately 12 in the atrazine treated cells. The authors suggeBbases of the cycle can be characterized by obtaining vaginal
that this indicates atrazine can have an effect on the endogenog8'ears of cells, and predominance of certain cell types corresponds
production of estrogen metabolites, and that by altering the ratié? the stage of the cycle. These changes in vaginal cytology are in
of 16-OHEL1 to 2-OHE1, atrazine may increase breast cancer riskeSponse to cyclic changes in the levels of ovarian and pituitary
Further research will be needed to confirm these results. ThBormones (Cooper et al., 1986). Sequential rise of the ovarian
authors are investigating whether the ratio of 16-OHE1 to 2-OHE $teroid estrogen, followed by a rise in progesterone in the blood
in the urine can be used to predict breast cancer risk in humans €Yring proestrus affects the timing and amplitude of the pre-
a part of the Long Island Breast Cancer Study (personapvulatory surge of luteinizing hormone (LH) from the pituitary.
communication, L. Bradlow). Others have not been able tolhe LH surge affects other gonadotropins which regulate ovulation
demonstrate that atrazine elevates the ratio of 16-OHE1 / 2-OHEfCooper etal., 1980; Cooper et al., 1986). During mid-life in 8-12
in MCF-7 breast cancer cells. Unlike the Bradlow study whichmonth old rats, changes occur in the amplitude and timing of the
demonstrated a ratio of approximately 12, McDougal and Saféd-H surge (Wise, 1987; Wise etal., 1991). Cycles become irregular
(1998) reported a mean 16-OHE1 / 2-OHEL ratio of only 0.71 induring this transitional period. In most strains of rats prolonged
atrazine-treated MCF-7 cells. Further studies will be needed t®€riods estrus or constant estrus (CE) and/or periods of persistent

resolve the different results observed by these two laboratories.diestrus and a pseudopregnant state are observed as the animals
age (Cooper and Walker, 1979; Huang and Meites, 1975; Huang

3. Commentary on Cycling and Hormonal Changes in the  etal., 1978). In very old animals (greater than 24 months) ovaries
Aging SD Rat: become non-functional, and the animals enter an anestrus state
There has been considerable debate on whether the induction OEﬂaracterized by low levels of serum estrogen (Cooper etal., 1986;
higher incidence and/or earlier appearance of mammary tumorguang et al., 1978). Reproductive aging in rodents is under
in the female SD rat, but not the female F344 rat, is solely due tgomplex neuroendocrine control, and the possible mechanisms
an induction of “premature reproductive aging” in the female SDwhich may be responsible for the aging process have been the

rat. Anumber of papers and presentations at the 1995 Society gfibject of several reviews (Cooper et al., 1986; Finch et al., 1984;
Toxicology (Chapin et al., 1996) and the 1996 American Chemicalyjse et al., 1991).

Society meetings (Eldridge et al., 1998; Simpkins et al., 1998;

Thakur et al., 1998) have been devoted to exploring this hypothesig. Discussion of the Atrazine-Induced Premature Reproductive

The hypothesis suggests that atrazine is not a direct-acting Aging Hypothesis:

mammary carcinogen, but that promotion of mammary tumorThe SD female rat has a high incidence of mammary gland tumors,
development in atrazine-treated SD female rats is dependent and in several studies atrazine-treated SD rats display periods of
induction of endocrine-related events, and that these endocringrolonged estrus (Stevens et al., 1994; Wetzel et al., 1994). It was
changes only occur after a certain threshold of exposure to atrazirmiginally hypothesized that the atrazine-treated SD rat has an
is exceeded. Itis hypothesized that when the threshold of exposueecelerated onset of reproductive aging, characterized by periods
is exceeded, neuroendocrine events are affected that result ino& CE, and it was suggested that periods of CE would result in
hormonal environment which would support mammary tumor periods of elevated serum estradiol (Stevens et al., 1994). These
growth in the female SD rat. This hypothesis suggests that longlevations in serum estrogen would then provide the stimulus to
term atrazine administration in the SD female rat: 1) lengthensupport the growth of mammary tumors, resulting in the early onset
the reproductive estrous cycle, 2) increases the number of days and greater number of mammary tumors in atrazine-treated female
estrus, and 3) thereby increases exposure to estrogen (Wetzel&D rats. This hypothesis was developed further to include possible
al.,, 1994). In the aging female F344 rat, a different hormonakhanges in neuroendocrine control in the atrazine-treated female
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SD rat (Chapin et al., 1996). It was suggested that amats, with cycling animals progressing through phases of irregular

unresponsiveness of noradrenerigic neurons in the hypothalamuycles, then CE, followed by irregular cycles, and then persistent

to rising levels of estrogen and resulting failure in the release ofliestrus. Other groups of SD animals skipped the CE phase, and
adequate amounts of gonadotropin releasing factor hormonmaintained irregular cycles until they entered persistent diestrus.

(GnRH) would result in delayed or absent LH release with noTherefore, it would appear that there is a wide range of changes in
ovulation. It was suggested that the ovarian follicles would therthe reproductive cycle of the aging SD rat.

maintain estrogen secretion, resulting in a state of prolonged estrus.
The elevated estrogen levels may then provide the stimulus for
supporting the growth of mammary tumors. This is in contrast to

the aging atrazme—treated_F344 rat,_ which doe_s not show period§pe of the incorrect assumptions of the atrazine-reproductive aging
OT prolonged estrus, but instead dl_spla_ys perlo.ds of p_rolor]ge@neory is that a state of CE is always associated with “elevated”
diestrus and pseudopregnancy, which is associated W'th h'gh%vels of circulating estradiol. The hormonal profile of rats in CE
levels of progesterone and moderatg to low levels of cwcglatmgS variable and apparently changes as the animal ages. In CE rats
estrogen. It_WaS also hypothesized that. the eIevatlo_n 0fhat are middle-aged (8 to 14 months) levels of blood estradiol are
progestgrone in the !:344 r.ats creates an environment that is Ie§'r?‘nilar to levels observed during estrus and diestrus in the young
conduplve to the stimulation of the mammary g!and and the ¢ 6 five month old cycling animal (Lu et al., 1979). Elevated
formatlon_ of mam_mar_y gland tumors. Dlﬁerences in the patterNgarm estradiol levels are usually not observed in CE rats until
of prolactin secretion in th_e two rat strains were also suggested 3fey are greater than 20 months of age, where the levels approach
an explanation for the Q|fferences in the rates of spontaneougg jevels observed in proestrus in the young cycling animal (Huang
mammary tumors (Chapin et al., 1996). and Meites, 1975; Lu et al., 1979). Therefore, it is not correct to
assume that a state of CE is automatically associated with elevated

Is a state of prolonged estrus or CE always associated with
elevated blood estradiol levels?

If this theory is correct, the following types of evidence would be .
needed to supportit: CE should be the prevalent vaginal cytolog§€um estradiol levels.

pattern observed in aging, non-cycling SD rats; a state of Cl:Whether blood estradiol levels are elevated in atrazine-treated SD

should consistently be associated with elevated blood estradi%ts with prolonged periods of estrus cannot be determined from
levels; atrazine-treated SD rats should have an earlier appeara published literature. This is because of a flaw in the

of irregular ovulatory cycles than control animals; atrazine-treate xperimental design of the studies. The blood samples obtained

SD rats should have an earlier onset of CE compared with untreat%qmng the course of a 24-month study in SD and F344 female rats
control animals; atrazine-treated F344 rats would not be expecter%d up to 400 ppm atrazine were obtained from animals killed
o d|splag/ a pbattelrn of CdE. as the){ age, prcgag:l)n levels would g%luring the proestrus phase of the cycle (Wetzel et al., 1994). The
E)C(%Zide .to Z elevated in atrgzlsnDe-treateh d rﬁts comrp:are KRethod section states that if the animal was not killed on proestrus,
rats; an atrazme-tree}te rats should show a ¢ angeiiflyas sacrificed regardless of cycle stage after 21 days of obtaining
ne_uroendocrlne contrql during early ph_ases Of the repmducw‘?/aginal smears to determine stage of cycle. No experiments were
aging process(.j We wil _exprllore t::e evidence in support of thqocated in the published literature that specifically determined the
atrazine-reproductive aging hypotheses. level of estradiol in blood samples obtained from atrazine-treated
« Is CE the prevalent vaginal cytology pattern observed in ~ SD rats or F344 rats during estrus in the young cycling animal or
aging, non-cycling SD rats? during prolonged estrus, CE or prolonged diestrus. Therefore,

_ _ . there are no data that support the hypothesis that atrazine-treated

The studies most frequently cited to describe the changes ignimals that are in a state of prolonged estrus or CE have elevated

cyclicity and circulating hormone levels in the aging rat are thegstradiol levels compared to hormone levels observed in young
studies of Lu et al. (1979) and Huang and Meites (1975). Thesgycling animals.

studies were conducted using the Long-Evans rat strain. Long-

Evans female rats display a pattern of irregular cycling starting alhis brings up important questions regarding both the cyclicity
10 to 12 months of age, which progresses to a state of CE. Adata and the hormone data in these studies. Since the animals were
animal is considered to be in CE when cells from vaginal smearprimarily killed during proestrus, this suggests that the majority
show a cornified appearance for at least 15 consecutive days. Ad the animals were cycling and were not in either of the non-
the animal ages, many in CE enter a state of persistent diestragcling patterns associated with reproductive aging, i.e. CE (at
starting at 20 months of age. In the female SD rat, CE is noleast 15 days with cornified vaginal smears) in SD rats, or persistent
necessarily the only vaginal cytology pattern observed in an agingjiestrus (at least 15 days of smears of primarily leukocytes) in
non-cycling animal. LeVever and McClintock (1988) reported F344 rats. Estradiol values for blood samples obtained at proestrus
several different reproductive cyclicity patterns in aging SD rats.and other phases of the cycle were not reported separately, so the
Some of the SD rats showed a pattern similar to the Long-Evanexact stage of the cycle for the hormonal data points is not known.
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« Do atrazine-treated SD rats have an earlier appearance These studies indicate that while atrazine treatment does cause an
of irregular ovulatory cycles, and earlier onset of prolonged  early disruption of the reproductive cycle in both long-term and
or constant estrus compared to untreated control SD rats?  short-term feeding studies, a variety of patterns are observed. In
Are there differences in the timing of the onset and patterns  the atrazine treated-SD female rat prolonged estrus was observed
of reproductive aging in atrazine-treated SD animals (Eldridge etal., 1994 a; Wetzel et al., 1994) while in another study,
compared to treated F344 rats? irregular cycles and persistent diestrus was observed (Cooper et

. . - al., 1996). In F344 rats, atrazine did not induce prolonged estrus.

The chronic exposure studies that have evaluated cyclicity Chang?ﬁcreased time was spent in proestrus in a chronic feeding study

W'th t;me ml atrhazme—ttretagedl ratts Qat\;]e not de:?.rmlr?e%.;/fvhe%s the female F344 rats aged, but there was no treatment-related
rregular cycles have started. Instead, the percent ime in difierete o \yhile increased time was spentin diestrus in atrazine-treated

phases of the cy(_:le was determined. The percent dgys in e.Str\@male F344 rats in a short-term, high-dose study (Eldridge et al.,
was determined in SD and F344 female rats by rating vagin 994 a; Wetzel et al., 1994)

smears taken for 14 to 21 days after 1, 3,9, 12, 15, 18 or 24 months

of treatment with up to 400 ppm atrazine (Wetzel et al., 1994)s  Are estradiol levels in aging atrazine-treated female SD
Percent dgys spent in estrus for F344 rats were S|m|la_1r in control rats in CE higher than levels in SD or F344 rats in a state

and atrazine-treated rats for the one through 15 month time periods, of prolonged diestrus?

with means in the range of 20 to 28 percent days. In SD rats,

percent days spent in estrus was significantly greatgrqj95) As was mentioned previously, in both long- and short-term atrazine
after one month of atrazine treatment in the 70 ppm group £23.5 bioassays, hormone analysis was conducted on blood samples
5.0) compared to controls (19403.9). No atrazine effect was obtained from rats during the proestrus phase of the reproductive
observed at three months, but at nine months, percent days in estmygcle. This makes it very difficult to interpret the significance of
was significantly greater in both 70 ppm (34.3.0; p< 0.05) the ovarian steroid hormone levels or the estradiol/progesterone
and 400 ppm atrazine-treated groups (4418.5; p< 0.01) com-  ratios, reported in the studies published to date (Chapin et al., 1996;
pared to controls (24.2 7.6). The proportion of time spent in Eldridge et al., 1994 a; Wetzel et al., 1994). Studies need to be
estrus increased with age after 15 and 18 months in SD rats, whitmnducted that analyze the ovarian hormone levels of SD rats in
the percent time spent in estrus decreased in the F344 rats.  prolonged and constant estrus compared to levels observed during

L . . é)ersistent diestrus in the F344 atrazine-treated rats.
Short-term studies in SD-rats evaluating the effect of atrazin

treatment on cyclicity have yielded similar results. Eldridge et al.The reproductive cycles and the ovulatory state of the animals in
(1994 a) treated SD and F344 female rats by gavage with 100 short-term and long-term atrazine cancer bioassays need to be better
300 mg/kg/day of atrazine for two weeks to evaluate effects orcharacterized. Instead of reporting percent time in certain phases
changes in the reproductive cycle. They reported a slight, bubf the cycle, vaginal cytology should be used to stage the animal
significant lengthening of the estrous cycle in the SD atrazineusing more conventional ratings. This would include four-day
treated animals compared to controls, with a significant increasestrous cycle, five-day estrous cycle, irregular cycles, prolonged
in time spent in estrus and a reduction in the time spent in diestruphase of estrus (greater than four consecutive days in estrus),
Atrazine-treated F344 rats spent less time in estrus and more timmnstant estrus (greater than 15 days in estrus), persistent diestrus
in diestrus than the SD atrazine-treated rats. (greater than 15 days in dietrus), persistent diestrus with

seudopregnancy (persistent diestrus with corpus luteum present
In a study of similar design, Cooper et al. (1996) administerecf preg y (p P P

X ; n histological sections of the ovary), or anestrus (small,
atrazine by gavage for 21 days to cycling female SD rats at 751onfunctioning ovaries)

150, and 300 mg/kg/day. Although a disruption of the reproductive

cycle was observed, a pattern of CE was not observed in atrazine  Are blood prolactin levels elevated in atrazine-treated SD
treated animals. At the 75 mg/kg/day dose, irregular cycles with  rats compared to F344 rats?

no consistent pattern in the cycle were observed, while at the two

higher doses of atrazine, repetitive pseudopregnanciedhe atrazine-reproductive aging hypothesis also suggests that
characterized by persistent diestrus was observed. There was adéferences in the pattern of prolactin secretion may explain the
no evidence of elevated serum estradiol levels at any of the atrazifgher incidence of spontaneous mammary tumors in the SD rat
doses tested. The authors concluded that although atrazine chandgédnpared to the F344 rat (Chapin et al., 1996; Wetzel et al., 1994).
the endocrine profile of these animals, there was no evidence offalevations in serum prolactin levels induced by hypothalamic
hormonal pattern, such as elevated estradiol levels, that woultgsions had been shown to increase the number of spontaneous

support the theory that atrazine creates a hormonal environmefil@mmary tumors observed in the female SD rat, suggesting a role
that would promote mammary tumor growth. of prolactin in mammary tumorigenesis (Meites, 1972). However,
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when prolactin levels were monitored during the course of a 24there was a significant elevation in mammary adenocarcinomas
month chronic feeding study in F344 and SD female rats fed 0 tin the 70 to 1000 ppm atrazine-treated groups, the incidence of
400 ppm atrazine, with the exception of one time point, there wergituitary tumors was significantly elevated in only the 500 ppm
few differences in the magnitude or pattern of serum prolactinatrazine treated rats, and only when the pituitary tumors were
levels in the two strains of animals (Wetzel et al., 1994). Prolactimeported as the combined incidence of malignant and benign
levels were monitored after 1, 3, 9, 12, 15, 18, and 24 months dtimors. There were no treatment-related effects when pituitary
atrazine treatment. Blood samples from early time points wer@denomas and carcinomas were reported separately. This suggests
hemolyzed and unavailable for hormone analysis. Serum prolactithat incidence of mammary tumors and pituitary lesions is not
levels were very high in F344 rats after nine months of treatmenbecessarily related in atrazine-treated SD rats. Further analysis of
(means ranged from 55 to 86 pg/ml, no treatment effect) and werthe pathology of the study of Stevens et al. (1994) should determine
significantly higher (p < 0.01) in 400 ppm atrazine treated SDif the animals with mammary gland tumors also had tumors or
female rats (45.8 20.0 pg/ml, p < 0.01) compared to controls other lesions of the pituitary.

(17.8+ 12.4 pg/ml). However, for all the remaining time points

from 12 months to 24 months mean plasma prolactin levels wer& Do atrazine-treated SD rats show a change in
very similar in the F344 and SD rats, in the range of 10 to 22 pg/ neuroendocrine control during early phases of the

ml. There were no treatment-related effects, nor trends with aging  reproductive aging process ?

in either rat strain with regard to prolactin levels. Therefore, in . o )
the study by Wetzel et al. (1994) there were no patterns in blooecréased amplitude and delayed timing of the LH surge during

prolactin levels in SD and F344 control or atrazine-treated rat§0€Strus has been observed in mid-aged cycling SD animals just
receiving up to 400 ppm that would explain differences in the earlieP'1°r t© when the mid-aged rat starts showing a pattern of irregular

appearance of mammary tumors in the SD rats compared to tHycles (Wise, 1987). It has been hypothesized that atrazine may
F344 rats (Note: the units of prolactin in the Wetzel study may"duce premature reproductive aging by affecting the amplitude

not be correct, since prolactin is usually reported in ng/ml and nop! the LH surge. In a series of three experiments reported by

as pg/ml). In a recently reported abstract, Cooper et al. (1998§|mpk|ns et a_1|. (1998), studies were qonducted .to. evaluate the
have demonstrated that atrazine can depress the estrogen-inducdifCt of atrazine treatment on the amplitude and timing of the LH
prolactin surge in ovarectomized female rats. These studies sugge&r9€ in ovariectomized female SD rats implanted with a sustained-

that atrazine does not consistently induce elevated prolactin level§'€as€ capsule of estradiol. In the first experiment rats were

in rats, and in some studies atrazine has been shown to depréd@riectomized and implanted with a capsule containing 4 mg/mi
estrogen-dependent surges of prolactin estradiol in sesame oil and then gavaged with vehicle or with atra-

zine at 300 mg/kg bd wt for three days. On the third day of treat-
Others have found that elevated prolactin levels in rats arénent, animals were killed at 11:00, 13:00, 15:00, and 22:00 hours
associated with specific pathologies in the pituitary. Lu etal. (1979J0 obtain trunk blood samples for determination of plasma LH
found that serum prolactin levels were low (below 50 ng/ml) inlevels. Vehicle-treated animals displayed an estrogen-induced LH
CE Long-Evans rats aged up to 16 months and prolactin levels digurge at 18:00 hours, while atrazine-treated animals did not show
not rise until the animals were 25 to 30 months of age. The highe&h LH surge at 18:00 hours and only showed a blunted rise in LH
levels of prolactin in CE rats (greater than 475 ng/ml) werelevels at 22:00 hours. This result indicates that the estrogen-
associated with animals greater than 25 months of age that hd@duced LH surge was delayed and blunted in the atrazine-treated
hemorrhagic pituitaries. animals.

There is some indication that extremely high doses of triazine\ second longer term study was conducted to determine the dose-
over long periods of time can induce pituitary tumors associatedesponse effects of atrazine treatment on the LH surge (Simpkins
with elevations in serum prolactin levels. Serum prolactin levelset al., 1998). Female SD rats were gavaged with 0, 2, 5, 40 or 200
were significantly higher (g 0.01) in female SD rats treated with Mg/kg/day of atrazine for 28 days, were ovariectomized on day

1000 ppm simazine for two years (20447 ng/ml) compared to 28 and implanted with an estradiol-containing capsule, and were
controls (29+ 18 ng/ml). Prolactin levels were not significantly continued on the atrazine treatments for three additional days.
elevated in rats receiving 10 or 100 ppm simazine Compared tAnimaIS were killed at 11:00, 14:00, 16:00, 18:00, 20:00, 22:00

controls. The incidence of mammary gland fibroadenomas an@nd 24:00 hours. Vehicle-treated animals showed an LH surge

adenomas was also significantly increased (p < 0.01) only in théhat peaked at 16:00 to 18:00 hours. The LH surge was delayed in
rats receiving the 1000 ppm simazine diet. some of the atrazine-treated animals. The rise in LH was

significantly less at 16 hours in the animals receiving 200 mg/kg
Unfortunately, serum prolactin levels were not reported in a similalbd wt atrazine compared to vehicle controls. Patterns of plasma
study which fed atrazine at 0, 10, 70, 500, and 1000 ppm to femalieH with the lower doses of atrazine (2.5 to 40 mg/kg bd wt) were
SD rats for 24 months (Stevens et al., 1994). However, whilaimilar to LH levels in vehicle-dosed animals.
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Another experiment of the same design as the second study waging in the two strains result in different levels or ratios of ovarian
conducted, except sequential blood samples were obtained frolmrmones could not be determined, because blood samples were
the same animals for each time point. While all of the atrazineobtained during the period of proestrus and not during the
treated SD rats had an LH peak at 18 hours, the amplitude of theredominant pattern of cycling in the respective strains of aging
peak was diminished in the 200 mg atrazine/kg dose and to a less@ats, e.g. persistent diestrus in the F344 rat and prolonged estrus in
degree in the 40 mg/kg atrazine-treated animals compared tthe SD rat. There are also inconsistencies in short-term dosing
vehicle controls. Statistical analysis on the differences in LHstudies, since some have shown that high-doses of atrazine induce
amplitude in the atrazine and vehicle-treated rats was not available. pattern of prolonged estrus, while others have demonstrated that

] ) atrazine induces a state of persistent diestrus. Neither of the short
The authors suggested that the depressed amplitude in the LH surg@m qosing studies demonstrated an elevation in serum estradiol

in SD rats is consistent with the hypothesis that atrazine can cauggye|s with atrazine dosing. There does not appear to be evidence
premature aging of the SD rat and reduce the age at which Cfuat plood prolactin levels are affected by atrazine treatment in
occurs (Simpkins et al., 1998). While the study does demonstratgither rat strain in animals dosed with up to 400 ppm atrazine in
that high doses of atrazine have the capacity to affect the amplitudg,onic two-year feeding studies. Studies have shown that high
and timing of the LH surge in estradiol-implanted ovariectomizedysses of atrazine administered for 3 to 28 days to female SD rats
animals, it is not known if this effect is directly responsible for the .5y reduce the amplitude of the LH surge in estrogen-implanted
earlier onset of prolonged estrus in the atrazine-treated SD rat. o\ariectomized SD rats. It has been hypothesized that this may

The LH surge has been shown to be altered in amplitude and timirfgPNtribute to accelerated reproductive aging in the SD rat.

during middle age in both cycling and irregularly cycling rodents
(Cooper et al., 1980; Wise, 1984; Wise et al., 1991). Cooperetal, ". .. . .
(1980) suggested that a delay in the secretion of LH in the middle29'"Y hypothes_|s 1S the assumption that When thg female atrazine-
aged female may be due to changes in neural timing mechanisrﬁrs,eated SD raF is in prolonged estrus or CE, it will have elevated
that control the release of GnRH. Others have shown that middig= - estradiol levels. Further data are needed on the levels of

. serum estradiol and progesterone during normal cycles, when
aged rodents have an altered response to estradiol and a decrea3gq brog 9 y

pituitary responsiveness to GnRH stimulation (Wise, 1984)'atrazme—mduced irregular reproductive cycles begin, and during

. . . . eriods of prolonged estrus, CE, and persistent diestrus in the SD
Ovariectomized middle-aged rats required a longer exposure t . . . -
. : nd F344 aging female rat. At the present time, there is insufficient
estradiol than younger rats in order for an LH surge to occur, an

: evidence to conclude that accelerated reproductive aging is the
even when the LH surge occurred, it was delayed by one hour an ) T

. . sole cause of the increased incidence or decreased latency of

had a lower amplitude than LH surges observed in younger rats, ) .

- . o . Thammary tumors observed in atrazine-treated female SD rats.

Pituitary responsiveness to injections of GhnRH were blunted in

middle-aged rats compared to younger rats (Wise, 1984). Itis nof Reproductive Toxicity:

known if the atrazine-induced delay in the LH surge similarly penoqyctive toxicity of atrazine has been evaluated in rats and
affects responsiveness to GnRH. The neuroendocrine even§ppig with few or no adverse effects on reproduction reported.
controlling reproductive aging in the rat are extremely complex,qng ecological study has examined the relationship between
making it difficult to know whether events in the pituitary or 4ra7ine Jevels in the water supply in lowa and the incidence of

changes in levels of gonadotropins or ovarian steroids arg,, terine growth retardation. These studies are summarized
responsible for the changes in the aging process. Itis not knowlge ow

whether the anti-estrogenic properties of atrazine may contribute

to a lack of responSiveneSS to estradiol. This is another pOSSibﬁ”owing ma’[ing, atrazine was administered ora”y by gavage at
mechanism by which atrazine could disrupt endocrine eventg) 10, 70 or 700 mg/kg/day on gestational days 6 to 15 to female
leading to a depressed amplitude in the LH surge. Charles River CD rats [Crl: COBS CD (SD) BR]. At the high
dose, 700 mg/kg, atrazine was toxic to the dams, and 21/28 of the

There are some aspects of experimental studies which support th@mz d'edf' AF th? Ic_>w almd rr:;d-doses, there was no eﬁECt O?
hypothesis that atrazine causes premature reproductive aging mber of animals implanted, percent pregnant, number o

the SD rat and that the resulting hormonal environment may Suppop’pplantations per litter, resorptions per litter, fetal sex ratio or fetal

the development of mammary tumors, while other studies do no\fveight of pups in either gender. There were no treatment-related
support the reproductive aging hypothesis. There are aISEgisceral or skeletal malformations. Minor skeletal variations,
assumptions made in the original hypothesis which may not b cluding incomplete ossificat_ion of the_skull, hypoid, teeth,
correct. Atrazine does appear to cause an earlier onset of perio epaw metacarpal;, and hmd paw distal phalarjges, were
of prolonged estrus in the SD rat and not in the F344 rat in chroniéIgnlflcantly elevated in the mid-dose 70 mg/kg atrazine-treated

feeding studies. However, whether differences in reproductivegrOUp compared to controls (Infurna et al., 1988).

|t should be noted that the weakest link in the atrazine-reproductive

c. Summary:
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The effects of a pesticide/fertilizer mixture based on levels ofevidence for a causal relationship between IUGR and levels of
pesticides found in California and lowa groundwater were used téhese herbicides in the water supplies. Since this was an ecological
evaluate the reproductive toxicity of these mixtures administeredtudy, there were no individual estimates made of pesticide
in drinking water to COBS Crl:CD-1 (ICR) BR VAF/Plus outbred exposures. No information was available on whether water
mice (Heindel et al., 1994). Both the fertilizer mixture (California treatment was used in the home, or if bottled water was consumed
mix) and the pesticide mixture (lowa mix) contained atrazineduring the pregnancy. Also, some of these associations may be
(1X=0.05 mg/L) and other pesticides at concentrations of 1X, 10Xdue to the socioeconomic characteristics of the communities. For
and 100X of median groundwater concentrations. This study wamstance, the Rathburn community had higher rates of indicators
conducted using a modification of the National Toxicology that predict IUGR and prematurity, including poor prenatal care,
Program’s Reproductive Assessment by Continuous Breedin¢ess education, lower median income, less participation in the
(RACB) protocol. Breeding pairs in thg §eneration (40 breeding workforce, and higher maternal smoking rates. The results of
pairs for controls; 20 breeding pairs for each dose) werehis study should be regarded as preliminary, and should be
continuously exposed to the pesticide mixture in drinking waterfollowed-up by case control studies which assess individual
for 98 days. Selected pups from thdifters were maintained on  exposure to environmental contaminants and control for
the treatments until 4.0 days of age, when the males and femalesconfounding factors which may affect the incidence of IUGR.
from different litters were bred by cohabitation for seven days and . .

then were housed separately until the litters were delivered. Thertse' Mutagenicity and Genotoxicity:

were no treatment-related effects on fertility or any measures olf.ymphocyte chromosome analysis of agricultural workers during

reproductive performance over the two generations of animals. gxtenswe occupational exposure .to pest|C|_des found an increase
in chromosomal gaps and 25 fold increase in chromatid breaks in

In a reproductive toxicity study in rabbits treated with 0, 1, 5 or 75the lymphocytes of workers during mid-season exposure to

atrazine mg/kg bd wt, maternal toxicity was noted at the 75 ppnherbicides, but the usefulness of this information is limited because
dose level. However, reproductive parameters were not affectethe workers were exposed to other herbicides besides atrazine
at the low and mid-dose range compared to controls. There wg¥oder et al., 1973).

no effect on the number of pups per litter or weaning weight per

pup in dams fed up to 1000 ppm atrazine from day one of gestatio .elther atrazine, hydroxyatrazme, nor AAtrex@ (commerugl
However, when atrazine was administered by injection, atrazin ormulation of atrazine) was found to be mutagenic in four strains

was embryotoxic at 800 or 2000 mg/kg bd wt (Peters and Cookc,’f Salmonella typhimuriunfTA98, TA100, TA1535’ and TA1538)
1973). in the presence or absence of archlor-induced rat liver extracts

(Lusby et al., 1979). A lack of mutagenicity of atrazine or

An ecological study conducted in lowa has examined whether thergommercial formulations containing atrazine has been observed
is an association between levels of herbicides in drinking watePy others using strains 8almonella typhimuriurwith and without

and the incidence of intrauterine growth retardation (IUGR), birthliver activation (Eisenbeis et al., 1981; Kappas, 1988; Plewa et
weight and prematurity (Munger et al., 1997). It has beendl., 1984). In contrast, atrazine has been found to increase the rate
previously shown in a 1986-87 state-wide survey of herbicides irPf reverse mutations at thexlocus in maize pollen grains under
drinking water, that levels of atrazine were elevated in the arefield conditions (Plewa et al., 1984).

served bY the Rathburn Rural Water System (RR.WS) in S‘OUthe“ﬁlhe results of over 50 tests of atrazine’s genotoxicity were recently
lowa. This study compared the 1984-1989 drinking water Ievelsevaluated using a computerized weight-of-evidence scheme

?f a varltety of h:a_rbmdez from tze RtRWS to levels N ottr;]er Sur;ﬁBrusick, 1994). This included tests of atrazine’s genotoxicity
ace water suppliers, and grounawaler sources Serving the SOUlla ., ,cteq in bacteria host-mediated assays in yeadt.arwli

em tier of lowa. The RRWS had the highest levels Of.atrazmeSister Chromatid Exchanges (SCE) in rodent cell lines and in
(mean = 2.21g/L) compared to other surface water suppliers (0'7human lymphocytes; unscheduled DNA synthesis in rodent and
Mg/L), and groundwater sourcesy(@/L). The area served by the human cell cultures; the mouse dominant lethal assay; and

f\r’]RWSthhad atﬁreatler risk of IUC?tR (R_Fz L8 .950&)] Cl ll't"_g'z'?h)_chromosome aberrations in Chinese hamster ovary cells (CHO)
b atn 0 erlLsJ%uR ernd ?Wa lcorr}n;]uné)!ez olextzmlnet erela |Ic_>ns 'Bnd human lymphocytes. The majority of these tests of atrazine’s
etween and levels of neroicides in the water Supplies o enetic toxicity were negative. The author concluded that atrazine

soluthlertn(;ol\;v at, Spearman [ja}nkt—o(;der correlgttlon f[:oefﬁfc:%n(t;ster oes not pose a genetic risk for humans under general conditions
calculated between age-adjusted community rates o angds | se” (Brusick, 1994).

levels of water contaminates. Correlations between IUGR an
levels of herbicide residues in water supplies were reported wer8ince the publication of Brusick’s evaluation in 1994, there have
as follows: atrazine (r = 0.31, p=0.001), metolachlor (r = 0.28, p =been both positive and negative reports of atrazine’s genotoxicity.
0.004), and cyanazine (r = 0.24, p = 0.02). Though these resuli&trazine’s ability to induce DNA damage in human lymphocytes
are suggestive of a relationship, these results do not provideas evaluated by the single-cell gel electrophoresis (SCGE) assay
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(Ribas et al., 1995). Atrazine tested positive in treatments witty. Tumor Promotion:
and without S9 liver activation. Others have determined thaOne study using the F344 rat leukemia transplant model suggested
chromosomal damage can be induced in CHO cells by atrazine #hhat atrazine may be a potential leukomogen as evidenced by
concentrations at levels observed in public water supplies (Biradagnhanced neoplastic progression in atrazine-treated leukemia
and Rayburn, 1995). DNA damage was also observed inransplant recipients (Dieter and Garnett, 1993). Itis not known if
erythrocytes obtained from frog tadpoles after exposure to atrazinatrazine can act as a tumor promoter of breast neoplasms. Animal
or the commercial formulation AAtrex® using the alkaline SCGE studies are needed to assess atrazine’s ability to promote mammary
assay (Clements et al., 1997). Atrazine tested positive fotumors induced by known mammary carcinogens such as
genotoxicity in thén vivomouse-bone-marrow micronucleus test dimethylfalbenzanthracene (DMBA).
in female mice treated with 1400 mg atrazine/kg bd wt (Gebel et )
al., 1997). However, this was the highest dose tolerated by th¥l. Other Relevant Information
animals, and similar effects were not observed in male mice treatel. Biomarkers:
with 1750 mg atrazine per kg bd wt. Several studies have measured the levels of free atrazine or atrazine
metabolites in the urine of animals and humans to assess atrazine
Others have not observed genotoxic effects of atrazine wheexposure. Researchers measured free atrazine in male workers at
evaluated byn vitro SCE tests with human lymphocytes or alkaline an atrazine production facility (Catenacci et al., 1990). The authors
elution assay with rat hepatocytes, V79 cells, or humanconcluded that while atrazine measured in the urine did reflect the
lymphocytes (Dunkelberg et al., 1994). Ruiz and Marzin (1997)pattern of exposure, the free atrazine only represented a small
also failed to observe positive results in mutagenicity tests usingraction of the total amount absorbed. Therefore, the measurement
bacteria assayS@lmonell&microsome mutagenicity assay) or the of free atrazine in the urine is more appropriately used for a
SOS chromotest (using. coli). Therefore, there is still some qualitative confirmation rather than a quantitative assessment of
debate as to the genotoxicity of atrazine, though the majority ofecent exposure in humans occupationally exposed to atrazine
the evidence would indicate this compound is not genotoxic.  (Catenacci et al., 1990).

6. N-Nitrosoatrazine Formation: There is some evidence that the sum of two urinary metabolites,
Some researchers have indicated concern that farmers who ingdbe N-dealkylated atrazine form, and 2-chloro-4-ethylamino-6-
water contaminated with atrazine and nitrate may f&m aminos-atrazine (deisopropylatrazine) quantitatively reflected
nitrosoatrazine in the presence of acid in the stomach. Nitrosomineaxposure in railway workers exposed to atrazine. Rats given
are known stomach carcinogens (Janzowski et al., 1980; Meisnatrazine in drinking water similarly excreted 2-chloro-4-
etal., 1993) . Studies conducted by the EPA indicated that triazinethylamino-6-amin-atrazine in a dose dependent fashion (Ikonen
compounds were free from nitrosomine contamination (Bontoyaret al., 1988)

etal., 1979). However, few studies have evaluated the distribution . . .
) As a part of the Agricultural Health Study, biological methods are

movement, or persistence Mfnitrosoatrazine in soils (Kearney i luated t trazi ' ; d blood
etal., 1977). The studies by Kearney, et al. (1977) which examineBe'ng evaluated 1o measure atrazine resiaues in serum and bloo
in farm families. This includes using mass spectrometric methods

the possible formation and stability of nitrosoatrazine under naturatl trazine i d atrazi deethvlatrazi d
and artificial conditions indicated that synthetically formed 0 measure atrazine in serum and atrazine, deethylatrazin€ an
jrazine mercapturate in urine (Hill et al., 1996). Pilot studies

nitrosoatrazine is unstable and is degraded to atrazine and pola b " ducted t lidat thods f .
products. In most agricultural soils of basic to neutral pH, the ave been recently conaucted 1o validate methods for assessing

formation of nitrosoatrazine is unlikely, even with high rates of Ztrfilégql;:z\l/g;tlig tZe 223;:82mgz:aﬂgrzCTgs\?vtggilo?é%?sg?:g}r']n
nitrogen fertilizer. Under the conditions of acidic soil, 9 gs. P

nitrosoatrazine formation was small and transient. However, givelﬁhe air, house dust, dermal patches, hand wipes, indoor surface

the presence of acid rain in some parts of the country, and the hi d equmgnt wipes, drinking water, solid food, and bIOIOg.IC.aI
use of atrazine as an herbicide, further research is needed mples (urine and blood) to evaluate methods for determining

determine the extent and persistence of nitrosoatrazine compouna tentlal_ for exposure of far.mers to pes ticides. This abstract did
in soils and water supplies in agricultural areas with high atrazin&'©t provide the results of this study (Hill et al., 1996).

use and nitrate contamination. This is important in light of recen8. Environmental Fate:

evidence that human lymphocyte cultures exposedli-to  The environmental fate of atrazine has been the subject of intensive
nitrosoatrazine as low as 0.00Q/ml showed significant  jnvestigation over the last 35 years, and its retention and transport
elevations in chromosome breakage. Levels of comparablgy soils have been the subject of recent reviews (Flury, 1996;

chromosomal breakage with atrazine alone were achieved &oskinen and Clay, 1997; Ma and Selim, 1996). The purpose of
concentrations 10,000 fold greater agIml (Meisner etal., 1993).  discussing the environmental fate of atrazine in this Critical
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Evaluation is to give the reader an overview of its fate, persistencesxample, at pH 6.0, the half-life at’4Dwas 95.5 days, and at’60
and trends in the detections of atrazine and its degradation produdisthe half-life of atrazine was only 21.9 days (Khan, 1978).
in surface water, groundwater and in precipitation. The

environmental fate of atrazine can affect the potential for exposurdVhile most studies have reported half-life for atrazine in soil in
to atrazine and its breakdown products to humans. the range of 11 to 150 days (Koskinen and Clay, 1997; Muir and

. . _ . Baker, 1978; Redondo, 1997) other studies have reported a
1. Persistence and Half-lives of Atrazine and Its Transformation  considerably longer half-life under certain conditions. The half-

Products: life of atrazine in subsurface soil samples is considerably longer
It has been estimated that the surface run-off of atrazine usualihan in surface soil samples. In anaerobic soil, the half-life of
ranges from 0.5% to 3% of the applied atrazine. The highesitrazine has been reported to be 1.8 years in clay sediments
amount of surface run-off, up to 9% of applied atrazine, has bee(Ribaudo and Bouzaher, 1994). In sub-soil samples from
reported under conditions of intense rainfall one week afteragricultural areas in Wisconsin, the half-life of atrazine in silt loam
application. Whether rainfall or tillage practices has the greatesjas 1.4 years, and in sandy soil it was 5.4 years (Rodriguez and
impact on surface run-off is currently being debated. Somedarkin, 1997). Degradation products of atrazine, especially
investigators conclude that rainfall pattern, rather than tillagegeethylatrazine and to a lesser extent deisopropylatrazine, deethyl-
practices, has the greatest impact on atrazine in surface run-offeisopropylatrazine (diaminoatrazine) and hydroxyatrazine, were
The potential for atrazine to contaminate surface water is less thagund to accumulate in the sub-soil samples. A few studies have
its potential to leach into groundwater (Koskinen and Clay, 1997 determined the half-lives of these atrazine transformation products;
Ma and Selim, 1996). we have summarized these studies below.

In surface soils atrazine is hydrolyzed to form hydroxyatrazinéinkeimann and Klaine (1991) followed the concentrations of
(Harris, 1967; Muir and Baker, 1978). Soils adsorb wc |apeled atrazine transformation products over 180 days in soil
hydroxyatrazine more strongly than atrazine, and most studies hawg s jes from western Tennessee. All transformation products were
not.found that hydroxyatrazine leaches into ;ub—soﬂs (Ma_l an%pplied at a rate of 0.5 kg/ha. They reported half-lives for
Selim, 1996). In a study GfC-labeled atrazine degradatlon_ deethylatrazine (26 days), deisopropylatrazine (17 days) and
products, Sorenson et al. (1993), observed that hydroxyatrazing oy atrazine (121 days). The degradation of atrazine and its
was the predominant transformquon product in the upper 10 CrTEjegradation products is slower once these compounds reach an
of sandy Iqam. The microbial transfor.manon product., aquifer. The degradation of atrazine has been monitored in aquifer
deethylatrazine, was found to be the predominant transformatlogmrries in Wisconsin (Rodriguez and Harkin, 1997). No significant

produc.t at lower SO'I, depths of 10-30 cm. Bqth deethylatraz'n%egradation of atrazine was observed after 270 days in aquifer
and deisopropylatrazine were the more predommanttransformanognlurrysi indicating that atrazine is resistant to degradation in

products as soil depth increased, while the proportion Ofgroundwater and aquifer sediments. Others have also reported

hydrox.yatrazine dgcreased with soil _depth. Therefore, ,t,hethat the degradation of atrazine and its dealkyated products is very
microbial degradation products of atrazine have higher mobilityg;\, once they reach an aquifer. The degradation half-life of

and greater_ poter?tia_l to contaminant groundwater thanatrazine and deethylatrazine in a sandy-till aquifer has been
hydroxyatrazine, which is strongly adsorbed onto surface soils. ostimated to be 3400 and 2700 days, respectively (Levy and

Degradation of atrazine in soil appears to be bi-phasic. Irfchesters, 1995).

Midwestern states atrazine rapidly degrades during the first twq Levels in G d )

months after application, followed by a slower degradation duringz' evels in Groundwater: I . . :
the dry summer months and the cold fall and winter monthsOne of the reasons the EPAlnmated the Spema! Revu_ew _of atrazine
(Koskinen and Clay, 1997). In Alabama the rate of degradation of/as concem dab.o#t heal.th risks frqrrlll cc_)nstlimll\r;lg ddrlnklng water
atrazine during the warm growing season is relatively fast, with gontamlnate. V\."t _atrazme, especially In t e M western states
half-life of 20 days (Buchanan and Hiltbold, 1973). The half-life Where atrazine is widely used as a corn herbicide (USEPA, 1994).
of atrazine is also affected by soil moisture. Degradation of atrazinL!eveIS of atrazme_regularly exceed(_ad 1@" in Midwestern

was monitored in sandy soil with water holding capacity of 4%groundwatersupplles in the 1980s, with maximum levels reported

(air dried), 35% and 70%. Corresponding half-lives were 151,several fold above the atrazine MCL of@L. More recent studies
37, and 36 days, respectively (Hurle and Kibler, 1976) have found a high rate of detections of low levels of atrazine, with

few samples exceeding the MCL. There is concern, however, that
Degradation of atrazine in aqueous systems is affected by pH arldvels of atrazine plus its degradation products may exceed
by temperature. Under laboratory conditions, &2be half-life 3 ug/L. Though there is not an MCL established for atrazine
of atrazine hydrolysis was 34.8 days at pH 2.9, 174 days at ptdegradation products, levels of atrazine and its degradation
4.5, 398 days at pH 6.0, and as long as 742 days at pH 7.0. Tipeoducts in groundwater supplies are important to monitor because
half-lives decreased dramatically as the temperature increased. Rbre microbial transformation products deethylatrazine and
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deisoproplyatrazine do not adsorb as strongly to the soil and cahhe US Geological Survey (USGS) has monitored levels of
leach into groundwater because of their greater mobility and appegesticides in wells in the Hudson River Basin during 1992-95 (Wall
in water supplies. In the following section, we have summarizedet al., 1998). They determined the level and frequency of detection
the results of several studies and reviews which represent trends atrazine in 16 wells in agricultural regions of the basin, 26 urban/
in atrazine levels in groundwater during the 1980s through theesidential wells, and 49 wells that were only used as a domestic
mid-1990s. We also have included studies which determine levelwater supply. Atrazine was detected in approximately 70% of the
of atrazine transformation products. wells in agricultural areas, in none of the urban/residential wells,

. . - ... andin 5% of the samples from domestic wells. None of the levels
Ritter (1990) reviewed the extent of pesticide contamination iNjetected exceeded the atrazine MCL ofi R0

US groundwater during the 1980s. Atrazine was the most widely

detected pesticide, and levels in groundwater were correlated witlhe “National Pesticide Survey”, which included a summary of
high nitrate concentrations. In the early 1980s atrazine had begesticides in community water systems and drinking water wells,
detected as high as §&/L in Nebraska in shallow wells near was published in 1990 (USEPA, 1990). EPA sampled 1300
irrigated fields. Atrazine has been reported in the groundwater ofommunity water system wells and rural domestic wells for the
other Midwestern and Eastern states, including 1 falbinthe  presence of 101 pesticides and nitrates. The survey was designed
Appoquinmink watershed of Delaware, 2.5 tolfilL in the Big  to give information on the frequency and levels of pesticides on a
Springs watershed of lowa, 0 to 25u6/L in an agricultural  nationwide basis but was not designed to give an assessment of
watershed in Virginia, and 0.13 to Jug/L in rural wells in a  pesticide contamination in drinking water wells at the local, county
agricultural area of Pennsylvania. or State levels. From the survey it was estimated that 0.7% of

Low levels of atrazine were detected in wells sampled during théural domestic wells (70,800) may contain atrazine.

summer of 1986 in agricultural areas of Pennsylvania (Pionke ethere is evidence that atrazine persists in soil well after application
al., 1988). Of the 20 wells that were monitored, 14 of the wellsceases and has the potential to contaminate tile drainage water. In
had detections, ranging from 0.013 to JfiL. The extent of  gne study conducted in Minnesota, atrazine had been applied to a
contamination was associated with agricultural practices, withfie|d starting in 1974. During its last season of application in 1988,
groundwater near fields under continuous corn production havingrazine was detected in the tile drainage system atj@@4
a higher frequency of detections. Other studies have reporteflyring the next 12 to 18 months, levels in the tile water did not
atrazine in groundwater in Western states. Levels of atrazine weigecline, while 24 to 30 months after the final application levels
monitored in four wells located in the Platte River Valley of Weld geclined to 0.42ug/L. This result indicates that low levels of
County, Colorado (Wilson et al., 1987). Samples were collectegyrazine can contaminate tile drain water several years after use is
at two week intervals between July 31, 1985 and November, 198%jscontinued (Buhler et al., 1993).
While two of the wells had atrazine levels that were below the
detection limit (0.8ug/L), the other two wells showed atrazine There is some indication that there may be an association between
residues in the range of 1.1 to R@L. lower levels of atrazine in lowa groundwater and decreased

, application rates (Kolpin et al., 1997 b). As a part of the lowa
One study conducted in upstate NY by the Cornell Water Resourcgs, o ndwater Monitoring Program, staff from the USGS sampled
Institute did find several sites with atrazine detections inuntreated groundwater from 1019 municipal wells from 1982 to
groundwater (WRI, 1989). Seventy-three samples were obtainedlggs  average application rates for atrazine in lowa were 1.64
from 29 sites in 19 counties of upstate NY. There were thre?(g/ha in 1982-86: 1.06 kg/ha from 1987-91: and 0.98 kg/ha from
detections of atrazine, including a detection associated with a stocl»i—992_95' The median frequency of detection of atrazine was 15.4%
watering operation, and a unconfirmed detection in a temporary, ., 1982-86; 19.3% from 1987-91: and 13.2 % from 1992-95
well. Of the three atra2|r.1e.detect|0ns, two were within th_e f'emsamples. Asubset of the wells (n=89) that were sampled repeatedly
and one was in a well within 50 feet from reported atrazine us., 1982.95 were examined, and a significant temporal trend
site. The authors concluded that “....site-specific and localizeq,, jecreasing median concentrations of atrazine was observed in
contamination may occur in groundwater recharged fromy,q 1987.91 samples compared to the 1992-95 samples (p < 0.021).

immediately adjacent treated areas. In essence, those most at rigks aythors noted that the decreasing trend in median atrazine
from contamination are likely to be rural residents whose shallow. g\ ~antrations is consistent with results of other long-term
domestic wells pump water from formations underlying areas, o o qwater studies in the Midwest

treated with pesticides. These residents are often the same people

who have a direct interest in the treated fields—in that they arérequency of detection of atrazine and its degradation products in
part of the farming operation producing crops on adjacent landsgjroundwater is also related to land use. For example, in a 1995
(WRI, 1989). report released by the California EPA (Bartowiak et al., 1995)
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atrazine, which is primarily a corn herbicide and is not useddrain water samples ranged from 1.3 tojfgiL, while levels of
extensively in California, had only 19 verified detections in 213 deethylatrazine ranged from Qu@/L to 3.2ug/L, and levels of
sampled wells in 17 California counties. Another triazine herbicidedeisopropylatrazine from 0.3 to 0{8y/L. The additive
simazine, which has a wider use on fruit crops, had 142 verifieadtoncentrations of atrazine plus the two degradates averaged from
detentions (Bartowiak et al., 1995). Atrazine and deethylatrazin.5 mg/L to 8ug/L. This result suggests that the transformation
were reported as the compounds most frequently detected in @oducts by themselves or in combination with atrazine can exceed
nation-wide monitoring study of pesticides in shallow groundwaterthe atrazine MCL of g/L.

of the US (Kolpin et al., 1998). Groundwater was sampled from_l_ di d d by the USGS h | dth
20 major hydrologic basins during 1993-1995 as a part of the wo recent studies con ucted by t. € ave eva uate t. N
revalence of atrazine and atrazine degradation products in

National Water Quality Assessment Program. The frequency of

detections were related to land use. The percentage of SamplggounQWater sa_mples from the Mldwest.. In the first study, 106
with atrazine were high in areas where corn and alfalfa (78.2%)mum(_:Ipal wells in lowa were sampled during th? summer of 1995
corn (55.4%), or wheat (60.4%) were grown, compared to Iower(K°|p'_n etal., 1997 a). The frequency of.detectlon was 40.6% for
frequency detections in non-agricultural urban areas (18.6%). Th tr_azme, 34'9% for deethylaFrgzme, and 15'1% . for
detection limit in this study was 1 ng/L, which is lower than elsopropylatra_zme. The only herbicide compoupd W'.th a h_|gher
detection limits of analytical methods used in the 1980s. Patterngvel of de;((ajcnonlwasf géalcglo:\lethar}esulrf]ontl)q .ZC'd' W'thdad
and magnitude of frequency of detections for deethylatrazine wer eqt;:la_n(r:]nggtLch?ruo 70 Ione Ioé € erd|C| es exceede
similar to those of atrazine. The maximum detected in this study >0 Sne S. The maximum levels detected werq @3

was 3.6Qug/L for atrazine and 2.6@g/L for deethylatrazine. Mean or atrazine, 0'5919”‘ for deethylatrgzine and 0.44g/L for
and median levels were not reported. deisopropylatrazine. Mean and median levels were not reported

in this study. The second study monitored the frequency of
A study conducted much earlier in the mid-1970s reported thaherbicide detections in 303 wells that were a part of a groundwater
levels of deethylatrazine were frequently greater than levels ofeconnaissance network in 12 Midwestern states (Kolpin et al.,
atrazine residues in water samples collected from tile drain outlet$§996). The frequency of deethylatrazine detections (22.8%) was
located underneath atrazine-treated corn fields (Muir and Bakesimilar to frequency of atrazine detections (22.4%). Prevalence
1976). Of the 23 samples taken over a two year period, 16 of thef deisopropylatrazine was not evaluated. None of the samples
23 tile-drain water samples had higher levels for deethylatrazinéested exceeded the MCL for atrazine. Maximum levels reported
than atrazine. Average residue levels were iglQ for atrazine  were 2.09ug/L for atrazine and 2.@g/L for deethylatrazine.
and 1.34ug/L of deethylatrazine. Levels of deisopropylatrazine . . .
were lower, averaging 0.1%)/L. The levels of atrazine (AAtrex® These studies suggest that while Igvels_ of atrazine that exceeded
90W) applied to the corn plots were 2.8 kg/ha, which is the maxima‘he MCL were frequently reported in Midwestern, Western, and

rate currently allowed for atrazine in corn and sorghum preemergerlgaStern .states In tl_1e 1980s, there _appears_to be a trend to_ward
applications (Norvartis, 1998) ecreasing levels in groundwater in the mid-1990s. Atrazine

remains as one of the most frequently detected herbicides in
Extensive studies on the transport of atrazine and its majoMidwestern groundwater, though the higher frequency of detection
degradation products from corn fields to the groundwater of thés partially attributed to an increase in the sensitivity of analytical
Midwestern states have been conducted by the USGS (Thurmanethods available. The samples with positive detections of
etal., 1998). These studies were conducted during the spring anttethylatrazine were sometimes comparable to levels of detections
summer of 1991 in nine states that make up the “corn belt.'observed for atrazine. Since deethylatrazine is mobile and can
Because of the mobility of the degradation product deethylatrazineeach groundwater, it will be important in the future to obtain mean
in soil, the ratio of deethylatrazine to atrazine (called DAR) wasand median levels of this transformation product to better
found to be an indicator of transport from soil to groundwater,understand the prevalence of its contamination of water supplies.
with the lowest ratios indicating the most rapid rates of transportAdditional data are presented on levels of atrazine and its
In this study, the most frequently detected compound waslegradation products in drinking water from rural wells in section
deethylatrazine (15.4%), followed by atrazine (14.7%) andIV.B. 5.
deisopropylatrazine (4%). The maximum level of atrazine detecte
was 2.3 mg/L, and for deethylatrazine the maximum level was 2.
mg/L.

%. Levels in Surface Water:

As a part of its Special Review of atrazine, the EPA summarized a
dozen published and unpublished studies which monitored levels
In a more recent study conducted in lowa, levels of atrazineof triazines in the Midwestern corn belt during the mid- to late
deethylatrazine and deisopropylatrazine were monitored in tilel980s (USEPA, 1994). The percentage of samples with positive
drainage water from experimental corn plots treated with 1.68 kgletections for atrazine ranged from 75.1% to 100% in these studies.
atrazine/ha (Jayachandran et al., 1994). Levels of atrazine in til®lost of these studies have found that atrazine levels correspond
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to time of application and spring run-off events. Concentrationsaffected atrazine losses. No-tillage soil management practices
were usually less thanig/L prior to atrazine field applications reduced atrazine load in the runoff by 45% and decreased atrazine
and rose to at least sevepglL and even exceeded RQ/L post- load in sediment by 77% as compared to chisel-tillage system of
application in May and early June, corresponding to post-soil management.

application spring rainfall events. Ten of these studies reported

median concentrations of maximum detections of atrazine in th here are several recent studies which have monitored atrazine

range of 3.3 to 2Ag/L. The agency concluded that “a number of evels in surface water of Northeastern states and Canada. Both

surface source drinking water supply systems within the corn be pplication rates and rainfall patterns have been found to affect

will have annual average atrazine concentrations exceeding t e level of atraz|ne.reS|dues detected in Vermont streams
atrazine MCL of ug/L” (USEPA, 1994) (Gruessner and Watzin, 1995). Water samples were collected

following the first rain event after atrazine application, and this
As a part of a study assessing the ecological risk of atrazine residupattern was repeated for the entire growing season for two
in aquifers in Northern states, Solomon et al. (1996) presenteduccessive years, 1992 and 1993. After the first rainfall (3.5 cm)
previously unpublished data on levels of atrazine in 14 Midwesterrin May 1992, levels of atrazine in the streams ranged from 1 to 5
watersheds in Ohio, lowa, Kansas, lllinois, and Nebraska collectefg/L and peaked again with a third rain event at 1ig/L after
from 1989 to 1992. In order to estimate exposure frequency, thegainfall (2.5 cm) in June, 1992. In contrast, in 1993 after the first
calculated the percentage of time atrazine residue levels exceedemin event (1 cm), stream levels of atrazine were between 0.05 and
2,5and 2Qug/L, based on 4 and 21 day averages. Atrazine level®.1ug/L, nearly 50 fold lower than the first rainfall event in 1993.
rarely exceeded 20g/L. However, the percentage of time atrazine This result may have been due to two factors: lower atrazine
levels exceeded|zy/L ranged from 5 to 32% in these Midwestern application rates in 1993 compared to 1992 and a lighter initial
watersheds. Twelve of the fourteen watersheds exceeded ther&infall in 1993 compared to 1992. In 1992 the maximum allowable
Mg/l level for 6 to 20% of the time. While levels of atrazine application rate was 6.6 kg atrazine Al/acre/year. By 1993, the
exceeding 2Qug/L were rare and were associated with transientapplication rate had been lowered to 3.5 to 4.4 kg Al/acre/year. In
rainfall events in the spring after atrazine application, these datenost cases, after a rainfall event levels of atrazine in the streams
suggest that surface water levels of atrazine in the Midwest werdeclined within several days after the rainfall.

frequently in the range of 2 tol®/L in the late 1980s and earl
19303. y 9 1y y In several recent studies, the USGS has monitored surface water

levels of atrazine and other herbicides in NYS. Although atrazine
Data were also presented on levels of atrazine in Midwesterfesidues have been detected widely, most detections have been
reservoirs (Solomon et al., 1996), including USGS monitoringbelow the MCL of 3ug/L. Detected levels of atrazine were usually
data of atrazine residues in 76 Midwestern reservoirs collecteéelated to land-use and pesticide application patterns. Three of
from 1992-93. Detection of low levels of atrazine in Midwestern these studies are summarized below.

reservoirs was widespread. Atrazine was detected in 92% of thGSGS researchers (Phillips et al., 1998) determined the level of

reservoirs. The 90th percentile for levels observed for early JunSesticideS in water samples taken in June of 1997 from 64 NYS

to_JuIy was 4'@9”‘.’ while ”_“ed'a” levels were 1.2gy/1 o!urmg . rivers. Atrazine was detected in 97% of the samples analyzed.
this same time period. During the rest of the year, median atrazmlsz

levels were in the range of 0.37 to 1} &8L, and 90th percentile evels of atrazine ranged from 0.Q@flL to 0.8ig/L. None of

values ranged from 2.5 to 2u@/L. This result suggests that surface the samples exceeded the MCL gi@/L. or NYS water-quality

runoff of atrazine during spring rains after herbicide a Iicationcriteria' Concentrations that exceededi@l were detected in
. ng spring . PP streams from the western regions of NYS where corn production
results in the largest inputs into reservoir systems.

is the greatest.

Under controlled conditions using a rain simulator, the ayrazine levels in surface waters of the Hudson River Basin were

concentration of atrazine in runoff and in sediment was monitoregy, s nitored by the USGS in base-flow samples from a network of

over time in soil from the Blackland Prairie of Texas (Pantone eYg siies on 42 streams and rivers during May through late June of
al., 1996). Peak atrazine levels in run-off were detected at the fivgggy (Wall and Phillips, 1997 a). Atrazine was detected in 84.8%

minute time point (22Ag/L) and rapidly dropped to approximately  of the samples, but the levels detected were low. Only four of the

85 ug/L ten minutes after runoff initiation. Levels of atrazine in samples had atrazine residue levels that exceedegd@I05The

sediment were simultaneously monitored. Levels of atrazine WerRighest level detected was 048§, nearly 8-fold below the MCL
highest at the five minute time point in sediments, and the levelg,, atrazine.

were an order of magnitude higher at approximately 2i¢gkg

than the level of atrazine in water runoff samples. Levels of atrazindhe same researchers monitored levels of atrazine and
in sediment dropped to 200 to 4Q8/kg at the 15 minute time deethylatrazine in three sites in the Mohawk River subbasin at
point. This study also demonstrated that different types of tillagdeast monthly from March 1994 to September 1995 (Wall and

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State 23



Phillips, 1997 b). The streams monitored had different land-useveeds on turf and on sugarcane. Median and mean levels of
patterns. Canajorharie Creek drains from a predominatelytrazine were not provided; the highest concentration reported in
agricultural watershed; the Mohawk River at Cohes drains from a&anal surface water was /L.

mixed land use watershed with urban, forested, and agricultural .
land uses; and Lisha Kill drains from a predominately urban4' Removal of Atra;mg from Tap Water. )

watershed. Detections of atrazine in watersheds with agricultur evels: of atraz_me in finished tap water and in untreatgd samples
land use were greatest in samples collected from May throug om rivers which served as source water were monitored from

August and peaked after the first major rain-fall after spring ate May through the end of July, 1983, in Northwestern Ohio

application of atrazine. In Canajorhaire Creek samples, atrazin(eBaker’ 1983)' Atall sites levels of atrazine inriver samples were
levels ranged from 0.04 to a maximum of A@L during July related to rain fall events. For example, the high levels of atrazine

and August ,while they were between 0.02 and Qg4 during in the Sandusky River in late June through early July (u/l8

the rest of the year. Levels of atrazine from the Mohawk River apvere related to a rainfall event. At other times, atrazine levels in
' iyer samples were in the 1 toqu /L range. Concentrations of

Cohes in the spring and summer growing season ranged from o.gyer sanm TS o .
to 0.37pug/L and were less than 0.Q&y/L during the fall. In atrazine in the corresponding finished tap water at the Tifflin, Ohio
contrast, peak levels of atrazine from Lisha Kill were not associateg/at%r SEPF;LY were velry S'T_'rlfr .to.the levels ob?e_rv;]a d dm the
with spring run-off, which is consistent with its predominately an Lljs 3; 'Ve;] S"’Il:mp €s. OE, 'S N contraslt o hmls i water
urban land use. The maximum level of atrazine from Lisha Kill in S&MP'es from the Fremont, Ohio water supply where the water

May-August samples was 0.L/L, which is several fold lower W8S treated with granulated activated charcoal. The levels of
than maximum levels obs'erve(,j in the two other sites Withatrazine in the Fremont finished water samples were at or below 1

agricultural land-use. Mg/L during the entire sampling period. The levels from the
untreated source water were as high gg/8 during early July.

The levels of atrazine and deethylatrazine, and other herbicided\ctivated charcoal treatment of water supplies during the spring

were determined from samples obtained at the stream flow-gaugingnd early summer, after application of atrazine and when spring

stations located close to the mouth of three Canadian rivers: thig@ins are most likely to result in run-off, appears to be an effective

Grand, Saugeen and Thames River (Frank et al., 1991). Samplg¥ans of reducing levels of atrazine in source water supplies.

were taken during base-flow and storm-flow conditions year-roundActivated charcoal was also used effectively to remove atrazine

from 1986 to 1990. A total of 474 samples were collected duringrom contaminated wells in the Lombardia region of Italy in the

this time period. Atrazine was the most frequently detectedate 1980s (Funari et al., 1988).

herbicide, with detections in 73% of the samples from the Grand ) ) )

River, 43% from the Saugeen River, and 98.6% from the Thames: EStimates of Levels in Community Water Systems (CWS):

River. Percent detections and mean annual concentrations weft$ Part of a Ciba-sponsored assessment of human exposure to

related to land use in each water shed. For instance, annual me&f@Ziné and simazine via ground- and surface water, a database

concentrations of atrazine plus deethylatrazine ranged from 101%as constructed to estimate exposures to these herbicides from
to 2550 ng/L in the Thames River basin which had over go1the Safe Drinking Water Act monitoring data collected from 21

thousand acres of farm land while the Saugeen River basin hazjates which represent the major triazine using states (Clarkson et

292 thousand acres devoted to farm land, and had comparativef}}-» 1996; Tierney et al., 1998). The data set is largely based on

lower annual mean levels of atrazine plus deethylatrazine residueiformation obtained from states and large municipalities with
at 152 to 319 ng/L, respectively. regulated CWSs. Data were collected between January 1993 and

July 1995. In some cases, monitoring data from the peer-reviewed
Most of the studies evaluating contamination of atrazine in surfacéiterature were used to estimate drinking water levels when primary
water have been done in the Midwestern and Northeastern col@WS data were not available. Since not all CWSs provided data
producing states. Relatively little information is available on to Ciba, and other CWSs did not collect data during 1993 to 1995,
atrazine contamination in Southern states, where its primary uséie data set is not complete for all CWSs in the states studied. For
is to control weeds on turf and in sugarcane. A recently publishethstance, only 42% of the groundwater CWSs and 41% of the
study has monitored the levels of atrazine and other pesticides surface water CWSs had reportable levels of atrazine that were
surface water samples from canals in south Florida (Miles anéntered into the database (Tierney et al., 1998). The database did
Pfeuffer, 1997). Water samples were collected from Novembenot include information from non-regulated water supplies,
1991 to June of 1995 at 27 stations. The maximum detection limitncluding private and rural wells. In rural states, those without
for atrazine was 0.0fug/L. Atrazine was the most frequently access to CWSs may represent a significant proportion of the
detected pesticide with 274 positive detections. The number ofopulation. For instance, in Nebraska 23.8% of the population is
samples with positive detections of atrazine varied seasonally, withot served by a CWS, and another 17.3% of the population is served
the maximum number of detections occurring in the winter to latdoy CWSs not included in the Ciba database (Clarkson et al., 1996).
spring. This pattern corresponded to use of atrazine in controllinyarious techniques were used to estimate non-detects, including a
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simple substitution method which replaces numerical values fof14.9%), and hydroxyatrazine (4.5%), deethylhydroxyatrazine
one-half the detection limit (detection limits ranged from 0.1 to (2.8%), and ammeline (0.5%). This is one of the only studies that
1.2 ppb) or a “Robust Method” which used a statistical model tohas monitored hydroxyatrazine degradation products in
assign a concentration to non-detects. groundwater or drinking water. While the MCL for atrazine (3

. id | ied lati 4 by th g/ml) was only exceeded in 0.5% of the wells, 11.83% of the
Atrazine residue values were tied to populations served by t ells had atrazine from 0.10 to 0.28/ml and 8.37% had levels

CWS included in the Ciba dgtaba_se to estimate human EXPOSUIeR: the range of 0.3 to 0.99g/ml. Over 20% of the wells had

Of _the CWS-served populations included in Fhe database, _'t WaRvels of deethylatrazine or diaminochloroatrazine in the range of
estlme_lteq that 9.06% were exposed to atrazine concentrations 8'1to 1.Qug/ml (Balu et al., 1998). This study indicates that while
the drinking water greater than Qug/L and 4.11%.greater than the level of atrazine seldom exceegsBnl, many wells contained
1.0ug/L. On_ly 0'.4% were exposed to concentrat|on greater th‘"“?:\trazine and degradation products in the range of 0. ¢l

3 pg/L, which is the MCL for atrazine. However, the

incompleteness of the database can be illustrated by the dag Atmospheric Deposition and Levels in Precipitation:

presented for NYS. For NYS 37.5% of the population was serveghtmospheric transport and deposition of atrazine is of concern
by CWS that were not included in the Ciba database, and aBecause of impacts on surface drinking water sources and potential
additional 9.2% of the population was not served by a CWS. Thigffects on sensitive ecosystems. Several studies on atmospheric
means there were no estimates of exposure for 46.7% of thgeposition of atrazine via rainfall are presented below.

population of NYS. Of the NYS population that was included in

the database, 0.2% were exposed to less tham§.a5 5.1% to Rainfall levels of atrazine were determined from samples taken
0.1 pg/L; and 48.1% from 0.1 to 06g/L. None of the water near the Rhode River on the western shore of the Chesapeake Bay
samples from surface or groundwater CWS from NYS includeaduring 1977 and 1978 (Wu, 1981). Samples were analyzed for

in the Ciba database had atrazine residue levels averaging abo@iazine residues twice a week during this time period. Levels of
1.0pg/L (Clarkson et al., 1996). atrazine in rain water were highly variable, in the range of 0.003

S ) ) to 2.2ug/L. The sample with the highest level of atrazinepg/2
The major limitations of these estimates of atrazine exposurg  was associated with a moderate rainfall (0.75 cm) in May of
through drinking water include: 1) relatively high minimum 1977 The authors noted that levels of atrazine in the winter months

detection levels used by state monitoring programs (up to 1.2 ppRyere “unexpectedly high,” in the range of 0.003-Qug7L.
and subsequent possible errors in estimating residue levels of non-

detects; 2) lack of data for many CWS; 3) lack of information onlnvestigators with the lowa Department of Natural Resources,
exposures in populations not served by CWS (i.e. rural wells)Geological Survey Bureau, monitored the concentrations of
which may make up significant portions of the population in ruralherbicides in rainfall in rural and urban areas in lowa from October
states; and 4) lack of information on levels of major atrazinel987 to September 1990 (Nations and Hallberg, 1992). They found
degradation products, such as deethylatrazine andhat atrazine, alachlor, cyanazine and metolachlor were the most
deisopropylatrazine. Despite these limitations, it should be notedommon pesticides detected in rainfall during the growing season.
that this was one of the only sources of information compiled orAtrazine was detected in 28.7% of the precipitation samples, with
drinking water levels of atrazine supplied through CWS at amean levels at 1.Q8y/L and median levels at 0.5§ /L; however,
national level, and efforts should be put forth to improve andone sample did have a value as high agg/Q. Samples from
maintain such a database through cooperation with state and fedetaban sites (lowa City) had similar but lower detections of the
agencies. same pesticides detected at rural sites. In the agricultural areas

) ) concentrations of herbicides were greater in the sites where
A study recently conducted by Ciba-Crop Protection has address‘?ﬂasticides are applied, suggesting that distant transport and

some of the data gaps present in the CWS study, including the, iz ation of pesticides may affect concentrations in rainfall.
monitoring of atrazine residues in private and rural wells (Balu ety o 2 uthors concluded that deposition in rainfall may be
al., 1998). Atrazine and its degradation products were mon'toregontributing to pesticide residues at non-target sites such as

in private wells in 19 states with high atrazine use or in areas V_V'“%ensitive ecosytems and organic croplands (Nations and Hallberg,
groundwater that may be vulnerable to atrazine contamlnatlonlggz)

Water from 1505 wells, representing 30 to 200 wells per state,

was analyzed for atrazine and its major degradation products. Th&trazine has also been detected in rain samples collected at the
limit of detection was 0.10 ppb. The year and time of year theBlue Earth River near Frost, Minnesota (Capel et al., 1995). This
wells were sampled were not stated in the report. Atrazine wawatershed drains from an agricultural area of intensive corn and
detected in 23.9% of the wells, with similar percent detects forsoybean production. Weekly composited rain samples were
deethylatrazine (28.8%) and diaminochlorotriazine (24.1%).collected from April through July, 1994. The two highest levels
Lower percent detects were observed for deisopropylatrazinef atrazine were reported in rain collected during the last week in
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April (0.68 ug/L) and the third week in June (1u§/L). These  sugarcane, wheat grain, fodder crops, macadamia nuts, and guava)
levels are in the same range as those reported in lowa precipitatiomere grown in field plots treated with the maximum registered
by Nations and Hallberg (1992). Atrazine levels for other weeksuse rates of atrazine or simazine for the given year the experiment
were either zero (no rain), or had positive detections in the to 0.fvas conducted (i.e. in 1992, atrazine use rates for corn and sorghum
to 0.2ug/L range. were 2.5 Ibs Al per acre per calendar year) to determine the level

Th dies indi h ine is d di ... . of different transformation products in the raw agricultural
ese studies indicate that atrazine is detected in prec'p'tat'onc'froducts. Crops were also grown witB- atrazine to determine

high-use states in the Midwest and that these levels can excee He types and levels of residues. Residues in cattle tissues, milk,

Mg/L. and eggs were estimated from feeding studiéédhtrazine or
C. Atrazine Residues in Food and Dietary Cancer Risk 1C-hydroxys-triazine to poultry and lactating and non-lactating
Estimates: goats. Residues were reported according to class of major

There is relatively little information on residue levels of atrazine fansformation product, i.e. chlosstriazines (atrazine, simazine,

or its transformation products in crops, such as corn, where it i§€€thylatrazine, deisopropylatrazine, diaminochbtnazine),

used for weed control as a pre-emergent herbicide. In one Studgydroxyatrazines (hydroxyatrazine, deethylhydroxyatrazine,
eethylhydroxysimazine), and amisdriazines.

atrazine (AATREX® 4L) was applied at 26 g Al per 10 x 10 meter

plot and corn plants were sampled at two week intervals untily gietary exposure assessment of atrazine was then conducted for
harvest (Pylypiw et al., 1993). The highest level of atrazineie ys population and sensitive sub-groups based on FDA food
detected was 0.48 ppm in the first two week interval. By eight)977.78 food consumption data. The anticipated residues were
weeks, the level of atrazine in the corn plant was undetectablgiso compared to the reference dose (RfD) which is based on the
(below detection limit of 0.002 ppm). Atrazine was not detectedn effect level obtained from rat feeding studies with a 100-fold
in corn ear samples at 12 weeks post-application. safety factor. The dietary exposure to total chietoazines was

The FDA recently released the 1996 resullts of its pesticide residug000007 mg/kg/bd wt/day for the general US population, 0.000031
monitoring in domestically produced and imported foods (FDA, M3/kg/bd wi/day for non-nursing infants less than one years old,

1998). In 1996, 5062 domestic food samples and 5312 importe@nd 0-000019 mg/kg/bd wt/day for children one to six years of
food samples were analyzed for 392 pesticide residues, including9€: For total free hydroxyiriazines the dietary exposure was
triazine herbicides. Atrazine was not detected in any of thed-000039 mg/kg/bd wt/day for the general US population and
analyzed samples. A special study was also conducted by the FD%000162 mg/kg/bd wt/day for non-nursing infants less than one
in 1995 and 1996 to develop methods for determining residues of€ar old. For total triazines residues minus hydrexyazines,
triazine herbicides and several metabolites. These methods wefiietary exposure was 0.000229 mg/kg/bd wi/day for the general
used to analyze 56 domestic samples and 47 imported food sample$ PoPulation, and 0.000583 mg/kg/bd wt/day for children one to
for triazine residues. Atrazine residues were not detected in th&* years old; levels for non-nursing infants less than one year
targeted commodities (apples, bananas, grapes, oranges, pears $fi€ not calcu!ated. The % of the RfD for the trlqzw_\e re§|dues
plums). Simazine, anothettriazine herbicide, was detected in €Xceeded 1% in two cases; for total free hydrstyazines in

six domestic samples of oranges, though none exceeded establist1-nursing infants (% of RfD was 1.62) and for total triazines

tolerances. Triazine residues were not detected in the importdinus hydroxys-triazines for children one to six years of age
food samples. (% of RfD was 1.67). The authors concluded that the “total dietary

exposure represented a very small percentage of the reference dose
The EPA, in its Special Review of atrazine, estimated dietary cancerhich is based on a no effect level and a wide margin of safety”
risk from atrazine residues of treated crops and animal productsSimoneaux et al., 1998).
from livestock that consume atrazine-treated feeds (USEPA, 1994). . _ o .
Dietary cancer risk estimates were based on atrazine residues frah Toxicity of Mixtures Containing Atrazine: 3
corn, sorghum, eggs, milk, poultry and red meat, and on atrazin@‘?x'c'ty studies were conducted with pest|C|d<_a ar_1d fert|I|ze.r
residues, or atrazine plus chloro- metabolite residues for otheiixtures representative of groundwater contamination found in
treated crops, including guava, macadamia nuts, millet, pineappld®Wa. The “lowa mixture” included atrazine, alachlor, cyanazine,
sugarcane and wheat. The percent crop treated was consideredi§tolachlor, metribuzin and ammonium nitrate. Mixes were

calculating estimated exposures from these foods. The upper bouddministered via drinking water for up to six months to female
cancer risk estimates for atrazine was calculated to be 4.4 x 10and male F344/N rats and B6C3F1 mice. No significant adverse

(USEPA, 1994). effects were observed in the animals receiving concentrations in
the drinking water up to 100 times the median concentrations of
Ciba-Geigy scientists have prepared a report on the magnitudge individual chemicals as determined from agricultural
and nature o$4riazine residues (simazine and atrazine) in food groundwater contamination studies (NTP, 1996). The 100X
(Simoneaux et al., 1998). The principal field crops (corn, sorghumgoncentration of atrazine in this study was 50 ng/ml (50 ppb).
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Levels in contaminated water have been detected in excess of 30 our Critical Evaluation, we have carefully considered and
ppb, as high as 80 ppb in Nebraska (Ritter, 1990). Therefore, thevaluated the hypothesis that atrazine-induced mammary tumors
choice of 50 ppb for that atrazine concentration of the mixturein female SD-rats are due to premature reproductive aging. The
underestimated actual levels of atrazine contamination observeaader is referred to section V.C.3. entitled “Commentary on
in the Midwest. There are no published carcinogenicity studieCycling and Hormonal Changes in the Aging SD Rat” for a detailed
conducted on these mixtures. evaluation of this hypothesis. As we have previously noted, there
. are inconsistencies in data or lack of data which do not support
E. Occupat_|on_al I.Ex_p.os.ures: . . . this hypothesis. This includes the observation that estradiol levels
The EPA, in its initiation of the Special Review of atrazine, were not elevated by treatment with atrazine in female SD rats in

expressed concern that agricultural workers handling atrazine maégudy conducted by Cooper et al. (1994). There is also a lack of

be exposed to levels that represented an unacceptable cancer r a demonstrating that estradiol levels are significantly elevated

(USEPA’ 1994). In response to this concern, Norvartis Croqn atrazine-treated SD rats in prolonged or constant estrus.
Protection has recently published an assessment of worker exposure

to atrazine (Lunchick and Selman, 1998). A Pesticides Handler§ should also be noted that while most cancer research has been
Exposure Database (PHED), developed through a joint effort oflevoted to determining the carcinogenicity of compounds that are

the EPA, Health Canada, and the American Crop Protectiofgenotoxic and that are capable of inducing mutations or other

Association, was used to estimate exposures to mixer/loadersiamage to DNA that can increase the progression of a cell to a
applicators and flaggers. EPA had calculated cancer risk estimaté@ncerous state, chemicals that may affect cancer risk by non-
before this database was developed. This review also critiquegenotoxic mechanisms are as important to identify.

the_aslsumlpnoni made in EPAS earlier risk assessment lofhe difficulty in this cancer assessment is whether the low levels
agricultural workers’ exposure to atrazine. EPAS original o¢ a4a7ine in food and water are sufficient to affect breast cancer

assessment of atrazine exposure and Norvartis’ more receply in the general population. Case control studies evaluating

assessment of worker exposure were compared. EXpOSUrgncer risk in women exposed to atrazine are in progress
estimates calculateq by Norvartis were usually 10 to 100 fold Iowe( Agricultural Health Study), but the results are not yet available.
than that EPAs estimates. The highest level of exposure was ey information that is not available is whether atrazine

mlxer/Ioader/appllcators applying atra}zme to corn, a”O,' ,totransformation products, which can be persistent in the environment
;ugarcane (_Florlda). In the sugarcane ml)fe.rslloaders, Cond't'o%d contaminate water supplies, also affect breast cancer risk.
mcluded using an open pqur method of mixing and an op_en Catbiven the wide-spread and long-term use of atrazine for agricultural
Atrazine exposure was estimated to be 1.2 Xt@y/kg/day using crop protection, it is important to resolve these issues.

the PHED database; previous EPA estimatgs of expo_sure were 5Ff'fecommendations for further research are listed below in the next
x 102 mg/kg/day. Among corn growers, applicators using an opengqaction.

cab system had estimated exposures of 3.Fxifdkg/day using

PHED database; EPA estimates of exposure were 1.8 mg0 VIIl. Research Gaps and Recommendations for
kg/day. Exposures when workers used closed cab systems were Future Research:

reduced by ten-fold. Norvartis scientists suggest the new exposure

estimates represent a more accurate risk assessment. EPAcomment Human epidemiological case-control studies are needed to
on this report and assumptions made in the risk assessment were assess the risk of breast, ovarian and uterine cancer in women
not located. exposed to atrazine in the work place, including agricultural
workers, farm women who live near atrazine-treated fields

VIl. Recommendations for Breast Cancer Risk and female manufacturing workers.

Classification:

Because of the lack of case-control studies evaluating the effects
of atrazine exposure on breast cancer incidence and mortality in
human populations, there is insufficient evidence to conclude that
atrazine is a human carcinogen. However, evidence of increased
incidence and/or decreased latency of malignant and/or benign
mammary tumors over a wide range of dose levels in female SD
rats is sufficient evidence to conclude that atrazin@Bpossible
breast carcinogen Although atrazine is not an estrogen mimic, « The presence and persistence of atrazine-transformation
there is evidence that it can affect hormones along the hypothalamic  products, including deethylatrazine, deisopropylatrazine,
pituitary gonadal axis. Changes in the levels of hormones in this  diaminoatrazine, anti-nitrosoatrazines in the soil, surface
pathway may affect levels of estradiol or estradiol metabolites such ~ water, groundwater and finished tap water, should be
as 16-OHE1, which may affect breast cancer risk. monitored. Such studies could be used to identify areas where

Further studies are needed to determine the mechanism by
which atrazine increases the rate and earlier appearance of
mammary tumors in SD female rats. This includes
determining the extent of elevations in serum estrogen levels
in atrazine-treated SD rats in prolonged or constant estrus
compared to estrogen levels in atrazine-treated F344 rats in
prolonged diestrus.
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unacceptable levels might suggest limiting the use of atrazinenterventions to Reduce Cancer Risk Among Farm Families
containing products. Monitoring studies should include bothDr. Melissa Perry, P.I., Medical College of Wisconsin

Midwestern and Northeastern corn and sorghum producindgrhis study proposes to translate prior epidemiologic, laboratory,
states and Southeastern states that use atrazine primarily afinical, and behavior information on cancer risks into a primary
turf and sugarcane. prevention program to reduce cancer among farmers and their
. . . . . families. The preventive interventions will target pesticide

e Atrazine transformation products, including deethylatraz'ne’applicators, most of whom are farmers, and their families through

dei.sopropylatr_a_zine, and diaminoatrazine, should be tested foJommunity-based educational programs designed to increase
their oncogenicity and other health effects. cancer prevention knowledge, risk perception, and self-efficacy

« Studies are needed to further monitor the impact of atrazind order to create behavior change to reduce cancer risks. Because

use on levels in precipitation and patterns of deposition inthe majority of applicators are male and because other family
high-use states. members are likely to be exposed to pesticides by virtue of living

in the farm setting, wives and adult daughters of the applicators

* Since atrazine does have the capacity to affect endocringjil| also receive an educational intervention. This intervention
pathways, assessment of reproductive effects from pre-natayjl| pe designed to increase knowledge of pesticides risks and
and juvenile exposures to atrazine should be conductedncrease cancer preventive behaviors including breast self exam

ReprOdUCtive tOXiCOlOgy studies in Iaboratory animals ShOUldand mammography Screening among women of recommended age.
include determining the effects on levels of endocrineTg be conducted in Vermont.

hormones (e.g. estrogen, progesterone, prolactin, 5-alpha

reductase, DHT), patterns of estrous cyclicity, effects onReducing Pesticide Exposure in Minority Families

reproduction and fertility, and pathological changes in Dr. Linda Mc Cauley, P.1., Oregon Health Sciences University
estrogen-responsive tissues, including the ovary, uterus anf@lhe specific aims of the study are to: (1) compare the levels of
breast (S. Snedeker has nominated atrazine to the NIEHBesticides in homes as a function of the type of agricultural crop
Juvenile Pesticide-Exposure Reproductive-Toxicology Study,the parents work with, the types of pesticides commonly used on

personal communication with R. Chapin). the crops, proximity of housing to the field and characteristics of

) ) the home; (2) evaluate specific health outcomes associated with

IX. Summary of Studies Currently Being pesticide over-exposure in both workers and their children and to
Conducted: evaluate specific biomarkers; and (3) assess the effectiveness of

the Migrant Headstart program as a mechanism for delivering

The following studies were abstracted from the Computer Retrievaljrally appropriate environmental health prevention strategies.
of Information on Scientific Projects (CRISP) database, which lists

studies funded by federal agencies (i.e. NIH, EPA, USDA), or wereStudies of Manufacturing Workers Exposed to Triazines
obtained through personal communications with the principalCiba-Giegy Corp (now Norvartis)
investigator (PI). (personal communication; letter from Mr. Kerry Miller, Regional

Agricultural Health Study: joint intramural research, NCI and State Gov. Relations Manager for Ciba, dated October 21, 1996).

NIEHS Epidemiological studies are ongoing to monitor workers exposed
Dr. Michael Alavanja, Project Officer, NCI (personal to atrazine at production facilities. However, since entrance of
communication with Dr. Alavanja) women into these facilities is relatively recent, it is possible that

This 10-year prospective study, which is in its fourth year, will this small female cohort may not have been monitored for a
follow 90,000 farmers, commercial pesticide applicators, andsufficient period of time to date to warrant valid conclusions.
spouses of farmers and applicators in lowa and North Carolina.

The survey will document pesticide usage by questionnaire, and

in a sub-set of the population, actual pesticide exposures will be

measured in the urine and blood using validated biomarkers.

Information will also be gathered on home use of pesticides, as

well as agricultural uses of pesticides. This study is unique, since

it will include one of the largest cohorts of female pesticide

applicators ever followed, as well as including the female spouses

of farmers and pesticide applicators. Approximately 58,000 men

and 32,000 women are enrolled in this study. Case-control breast

cancer and ovarian cancer studies as well as other case-control

studies of cancer are planned.
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XI. Appendix A. Common Abbreviations, Acronyms and Symbols

ADI

Al
BCERF

bd wt

°C
CAS
CE
CfE
CHO
Cl

Cl
CRISP

CWS
DAR

DEN
DHT
DMBA

DNA

EPA

ER
E-SCREEN

F344
FDA
GnRH
GSH
ha
HA

IARC

ICET

Acceptable Daily Intake, set by the World Health
Organization
Active Ingredient

Cornell Program on Breast Cancer and
Environmental Risk Factors in New York
State

body weight

carbon

degrees Centigrade

Chemical Abstract Service

constant estrus

Cornell University Center for the Environment
Chinese hamster ovary cells

Confidence Interval

chlorine

Computer Retrieval of Information on Scientific
Projects; database of scientific intra- and extra
mural projects supported by the Dept. of Health
and Human Services (i.e., NIH, EPA, USDA)
Community Water Supply

deethylatrazine to atrazine ratio; index of
atrazine transport to groundwater
diethylnitrosamine; a liver carcinogen
dehydrotestosterone
7,12-dimethylbenzj]anthracene; known
mammary carcinogen

deoxyribonucleic acid

United States Environmental Protection Agency

estrogen receptor

IRIS

IUGR
kg

L

LH

Ibs

mg
mg
MCF-7

MCL

mmol
MTD

n

ng
NHL
NCI
NIEHS

NIH
NMU
NOEL
NTIS

NTP

screening assay for estrogenicity that measuresY

proliferative response in estrogen-dependent
breast tumor cells

Fischer 344, rat strain

Food and Drug Administration

gonadotropin releasing hormone

glutathione

hectacre (area equal to 2.471 acres)

NYS
OoP
OR
OSHA
P9
PHED
pM

The health advisories are non-enforceable limits ppm

of the concentration of the chemical in the

ppb

drinking water that is not expected to cause any ppt

adverse noncarcinogenic health effects when
consumed for no more than the time period
specified, with a margin of safety
International Agency for Research on Cancer,
headquartered in Lyon, France

Cornell Institute for Comparative and
Environmental Toxicology

interperitoneal

RACB

RR
RRWS
RfD
RUP
SCGE

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State

Integrated Risk Information System; Database
maintained by the EPA

Intrauterine growth retardation

kilogram

liter

luteinizing hormone

pound(s)

microgram

milligram

Michigan Cancer Foundation; cells derived from
human breast tumor

Maximum Contaminant Level; enforceable limit
set by the EPA which sets the maximum level
of a contaminate in a public drinking water
supply

millimole(s)

Maximum Tolerated Dose

number of subjects/animals in the group
nanogram

non-Hodgkin’s lymphoma

National Cancer Institute

National Institute of Environmental Health and
Safety

National Institutes of Health
N-nitrosoN-methyurea; mammary carcinogen
No observed effect level

National Technical Information Service;
repository for federal agency technical reports
National Toxicology Program

New York

New York State

organophosphate pesticides

Odds Ratio

Occupational Safety and Health Administration
picogram

Pesticide Handlers Exposure Database
picomole(s)

parts per million

parts per billion

parts per trillion

Reproductive Assessment by Continuous
Breeding; National Toxicology Program
protocol

Relative Risk

Rathburn Rural Water System

Reference Dose

Restricted Use Pesticide

single-cell gel electrophoresis
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SD Sprague Dawley rat

SHE Syrian hamster embryo

SMR Standardized Mortality Ratio; SMR= the ratio
of “observed” to “expected” deaths; in some
studies, this ratio is multiplied by 100

TMA Time-weighted average

us United States

USGS United States Geological Survey
uscC University of Southern California
USDA United States Department of Agriculture
USEPA United States Environmental Protection Agency
WHO World Health Organization
2-OHE1 2-hydroxyestrone

16-OHE1 16-alpha hydroxyestrone
Symbols:

a alpha

B beta

% gamma

vl micro

< less than

> greater than

> greater than or equal to

% percent

p p value

+ plus or minus

= equal

® registered trademark
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XIl. Appendix B. BCERF Critical Evaluations of Breast Cancer Risk

This includes an overview of the Critical Evaluations and explanation of the BCERF Breast Cancer Risk Classification Sdesime (re
10/98 sms).

The Process:

Starting Point - Existing Critical Evaluations on Evidence of Carcinogenicity
IARC MonographslhternationalAgency forResearch o€ancer)
NTP ARC (NationalT oxicologyProgram,AnnualReport onCarcinogens)
ATDSR (Agency forT oxic DiseaseSubstancdregistry)

ConductLiterature Searchesusing databases to obtain historical and the most recent information; i.e. Toxline, Medline, Biosis, Cancerl
-Peer-reviewed scientific literatureavailable through Cornell libraries and interlibrary loans.
-Technical ReportsNTIS-National Technical Information Service
-TOXNET databases—USEPA’s IRIS database source of oncogenicity and regulatory status information
-Gray literature —Studies submitted to US Environmental Protection Agency (EPA) that are not published—i.e. industry
generated oncogenicity studies
-Some abstracts of cancer bioassays are on line (IRIS database)
-Request reports from industry
-Request reports from EPA through Freedom of Information Act

The Critical Evaluation includes some general background information, including: chemical name, chemical formula, Cheraatal Abst
Subject Registry no. (CAS #), chemical structure, trade name(s), trade names of mixtures, metabolites/degradation poogoéts, his
use, and current regulatory status.

Evidence of cancer in other (non-breast) organ systems is provided in synopsis form with some critical commentary, ateng with
current overall carcinogenicity classification by international (IARC) and US Federal Agencies (NTP, USEPA).

Human epidemiological studies, animal studies, and other relevant studies on possible mechanisms of carcinogenesiky are criti
evaluated for evidence of exposure to agent and breast cancer risk based on “strength of evidence” approach, accordiogttora mod
of IARC criteria as listed in the IARC Preamble. (See attached sheets for a more detailed explanation of the BCERF Cancer F
classification scheme)

Theemphasis of the documenis a critical evaluation of the evidence for breast cancer risk, classification of the agent’s breast cance
risk, identification of research gaps, and recommendations for future studies. A section is devoted to brief summarieseardew
studies that are in progress. A bibliography with all cited literature is included in each critical evaluation. Majtioimérfederal and

state agencies will be provided with copies of our report.
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General Outline of BCERF Critical Evaluations-revised 10/98 sms

VI.

VII.
VIII.

IX.
X.
XI.

XIl.

40

Chemical Information
A. Common Name
B. Chemical Name(s)
C. Chemical Formula(s)
D. CAS # (Chemical Abstract Service Number)
E. Chemical Structure
F. Trade Name(s)
G. Trade Names of Mixtures
H. Major Metabolite(s)/Breakdown Products
History of Use, Usage
A. History of Usage and Uses
B. Current Usage (when applicable)
Current Regulatory Status
A. Current Regulatory Status, EPA
B. Drinking Water Standards and Health Advisories
C. Food Residue Tolerances and Action Levels (when applicable)
D. Workplace Regulations (when applicable)
Summary of Evidence of Overall Carcinogenicity (non-breast sites)
A. Human Studies
B. Experimental Animal Studies
C. Current Classification of Carcinogenicity by other Agencies
1. IARC (International Agency for Research on Cancer)
2. NTP (National Toxicology Program)
3. USEPA (Environmental Protection Agency)
Critical Evaluation of the Scientific Evidence for Breast Cancer Risk
A. Humans Studies
1. Case-Studies
2. Human Epidemiological Cohort Studies
3. Human Epidemiological Case-Control Studies

4. \When available will summarize information on detection/accumulation in human tissues / and validation of biomarke

B. Experimental Animal Studies

C. Other Relevant Information, including mechanisms by which exposure may affect breast cancer risk (examples: co-
carcinogenicity, tumor promotion estrogenicity, endocrine disruption, reproductive toxicology, mutagenicity, cell
proliferation, oncogene/tumor suppressor gene expression, immune function, etc.)

Other Relevant Information

A. Specific for the pesticide; (i.e. may include information on environmental fate, potential for human exposure)
Summary, Conclusions, Recommendation for Breast Cancer Risk Classification

Identification of Research Gaps, and Other Recommendations

Brief Summaries of New Human Studies Currently Being Conducted
Bibliography

Appendix A. Common Abbreviations, Acronyms and Symbols
Appendix B. BCERF Critical Evaluations of Breast Cancer Risk

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State



BCERF Breast Cancer Risk Classification Scheme Brief Definitions of Sufficient, Limited, and Inadequate Evidence:
(adapted from the IARC Preamble by S.M. Snedeker;(@dapted from the IARC Preamble by S.M. Snedeker)

revised 12/97, 10/98 smis Human Studies

Group 1: Human breast cacinogen; sufficient evidenceof Sufficient evidence of carcinogenicity in humans:Must have

carcinogenicity to humans is necessagufficient evidenceis established evidendeetween exposure to the agent and human

consmiered to be evidence thatausal relationship has been breast cancer. Case-reports are given the least weight in considering
established between exposure to the agent and human breast Canggf‘cinogenicity data in humans—they are suggestive of a

Group 2A: Probable breast cacinogen this category generally ~ relationship, but by themselves cannot demonstrate causality.
includes agents for which theredi limited evidenceof breast ~ Consistent, case-control studies which have controlled for
Carcinogenicity in humarﬁ;‘]dsufficient evidenceof mammary Confounding factors and have found h|gh relative risks of

carcinogenicity in experimental animals. The classification maydeveloping breast cancer in relation to an identified exposure are
also be used when there 2 limited evidence of breast  given the most weight in determining a causal relationship.

carcinogenicity in humans and strong supporting evidence fron?_imited evidence of breast carcinogenicity in humans: A

other relevant data, or when there iss8jficient evidenceof §£08itive association has been observed between exposure to the

mammary ca_rccj:mogefmcny ”;] exptlenmen(tjal animals and stron gent and breast cancer, but chance, bias or confounding factors
supporting evidence from other relevant data. could not be ruled out.

Group 2B: Possible beast cacinogen; this category generally Inadequate evidence of breast carcinogenicity in humansthe

includes agents for which there islibjited evidencein humans available studies are of insufficient quality, consistency or statistical

n tze abstencgdduffl?ent ?V'den@? (_expr)]erlmental ar;llmailis, 2) power to permit a conclusion regarding the presence or absence of
inadequate evidencef carcinogenicity in humans or whenhuman ... \ca| association.

data is nonexistent but there saufficient evidence of
carcinogenicity in experimental animals,iBadequate evidence Experimental Animal Studies:
or no data in humans but wiimited evidenceof carcinogenicity

in experimental animals together with strong supporting evidenc%ufgc'em er|dePce of breast carcmogg)gmc_ny mf ";”'“.“a's d
from other relevant data. vidence of malignant tumors or combination of benign an

malignant tumors in (a) two or more species of animals, (b) or two
Group 2C; Potential to affect breast cancerisk; this category  or more independent studies in one species carried out at different
includes agents for which theraérnadequate or nonexistent human times or in different laboratories or under different protocols.

and animal databut thereis supporting evidence from other = . , , L ,
Limited evidence of breast carcinogenicity in animalsThe

relevant datahat identifies a mechanism by which the agent may . . . - .
studies suggest a carcinogenic effect, but are limited for making a

affect breast cancer risk. Examples are, but are not limited tod finiti luation b i h d ¢ : -
evidence of agent’s estrogenicity, disruption of estrogen efinitive evaluation because: (a) the evidence of carcinogenicity

metabolism resulting in potential to affect exposure to estrogen';S restricted to a single experiment; (b) there are unresolved

evidence of breast tumor promotion, progression or Co_guestions_ regarding the adequacy of the design, co.nd.uct or
carcinogenicity; increased expression of proto-oncogenes oterpretation of the study; or (c) the agent increases the incidence

oncogenes; evidence of inactivation of tumor suppressor gengf t°”'t¥ lbenlgfn n(tec?plasmT of Iesi?.n.; of uncertain ne{\oplastlcl:
associated with breast cancer; evidence of adverse effect dif " 1al Or of certain neoplasms which may occur spontaneously

immune function; or evidence of a structural similarity to a known'" high incidences in certain strains of animals.
breast carcinogen (structure-activity relationship). Inadequate evidence of breast carcinogenicity in animalsthe

Group 3:Not classifiableas to its breast carcinogenicity to humans. studies cannot be interpreted as showing either the presence or

Agents are placed in this category when they do not fall into any.CS€Nce of a carcinogenic effect because of major qualitative or
other group. quantitative limitations.

Group 4:Probably not a breast cacinogen in humans This
category is used for agents for which there is evidence suggesting
a lack of breast carcinogenicity in human studies and in animal
studies, together with a lack of related evidence which may predict
breast cancer risk. The absence of studies doegonstitute
evidence for a lack of breast carcinogenicity.
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