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Critical Evaluation of Diazinon’s Breast Cancer Risk

Authors’ Note: The reader is encouraged to read the attached document, Appendix B, which includes an explanation of the BCE
Breast Cancer Risk Classification System, before reading this Critical Evaluation.

Introduction: E. Formulators’ and Basic Producer Trade Names*Acinon®

Diazinon was selected to be evaluated based on its high use fAqro Chemicals Industries Ltd.); Diazich&Agrochemical
the fruit and dairy industries, the two major agricultural industries|,qustries Co. Ltd.); Basudin D.Z.N®, NeocidoP, Sarole®

of New York State (NASS, 1995; Patridge et al., 1991). We alsqNovartis); Drexet Diazinon (Drexel Chemical Co.); Knoxdut
considered its use in and around homes and public places arg; A Cleary Chemical Corp.); Knox OURFM (EIf Atochem
the high potential for non-occupational exposure. Non-ngrth America, Inc.); Diagrdn(Agroquimicos Versa, S.A. de

agricultural and urban use of diazinon has been increasing a \V.): DiazoP (AGRO-SAN Kimya Sanayi ve Ticaret A.S.):
can account for as much as two-thirds of its total use in the Uniteg)ia zinomobeetl (Arab Pesticides Industries Co. - Mobeed,)'

States (US) (Larson et al., 1995). Diazinon is used to control &jtanorf (Asiatic Agricultural Industries Pte. Ltd.); Hezuglin
wide variety of insect pests in and around homes, offices, faifjectas Ticaret T.A.S.); Darfol (Insecticidas Internacionales,
grounds, zoos and other public places (ATSDR, 1996). The mang a ). Bazino®t (Koruma Tarim A.S.); Laiddh(Lainco S.A.);
case-reports in the literature present evidence for the highyiza|ux® (Luxan B.V.): Diazaifi Newsinorf (Medmac);
potential of accidental and non—occupa}nonal exposure to thigyigzudire (Midiltipi Agro-Chemicals, Inc.); Woprozin8I(B.V.
insecticide (Maddy and Edmiston, 1988; WHO, 1998). Industrie- & Handelsonderneming Simonis); Vibag\ietnam
Pesticide Co.) Diagrdh Dianor?, DiaTerr-Fo8, Diazaje?,

The increasing urban use of diazinon has led to its freque”ﬁ)iazatoﬁ, Diazidé€, Dizinor?, DyzoP, Gardento, Kayazinof,
detection as a water contaminant in urban watersheds of Ne‘?(ayazo?, Nipsarf, Spectracid&(Meister, 1998).

York State (NYS) (Wall et al., 1998). Diazinon is one of the

chemicals that is on the Environmental Protection Agency’s (EPAE Trade Mixes: Diafo<® (+chlorpyrifos) (Chimac-Agriphar S.
Drinking Water Contaminant Candidate List (EPA, 1998). Therep ). scorpotoft (+ chlorpyrifos) (Helb USA, Inc.); KickStart
has been no cancer risk classification for diazinon by EPA, thE(+ carboxin + Lindane) (Helena Chemical Co.); Corsario
National Toxicology Program (NTP) or the International Agency (4 cypermethrin) (Insecticidas Internacionales, C.A.): Difalin

for Research on Cancer (IARC) (ATSDR, 1996). (+ lindane); (Luxan, B.V.); Ethiometén4 (+ thiometon)
) . (Novartis); Captan Diazinon Seed Treétér Captan); Germate
I. Chemical Information Plug (+ carboxin + lindane), Kernel Guérft Captan + Lindane)

(Trace Chemical Inc.); VibaBa+ BPMC) (Vietham Pesticide
A. Common Namesdiazinon, dimpylate (Worthing, 1991). Co.); Agrox’ 2-Way (+ captan), AgrdxD-L Plus (+ captan

+ lindane) Agro® Premiere (+ captan + lindane + metalaxyl)
B. Chemical Name:O,O-diethyl O-2-isopropyl-6- (Wilbur-Ellis Co., Seed & Grain Protectant Products) (Meister,

methylpyrimidin-4-yl phosphorothioate (Worthing, 1991). 1998).

: ) G. Discontinued Names:Adizor® (Atabay Agrochemicals &
C. Chemical Formula: C,H, N,0,PS (Montgomery, 1993). Veterinary Products, Inc.); Agréx3-Way (+ captan + lindane)

(Chipman Chemicals); Alfa-t&(+ methoxychlor) (Ciba-Geigy);

D 264 (Drexel Chemical Co.); Bean Seed Proteéténtcaptan
OCsz + streptomycin) (Hopkins Agricultural Chemical Co.); Dyfet
| (+ methoxychlor) (Sierra Crop Protection Co.); Drawizon
SZP—OC2H5 (Wacker-Chemie GmbH); PT265 (Whitmire Research

D. Chemical Structure:

Laboratories); Dazzfe Fezudiff (Zuelling Pte.) (Meister, 1998).

(CH,),C |
N [6) H. CAS Registry Number: 333-41-5 (Montgomery, 1993).
| I. Major Metabolites:

N Diazinon treatments of experimental animals have shown that

diazinon or its metabolites do not accumulate in body tissues.

H Excretion is rapid and occurs mainly through the urine. Diethyl

C 3 phosphate (DEP) and diethylthiophosphate (DETP) were found
excreted as end products in the urine of diazinon-treated cows,
Fig. 1. Chemical Structure of Diazinon (WHO, 1998). dogs and rats (FAO/WHO, 1993; Hayes et al., 1980). DEP and

* Trade names are used herein for convenience and informational purposes only. No endorsement of products is intendedcemd obunitamed
products is implied.
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DETP are also the major metabolites found in the urine ofpurposes. Diazinon used on field crops accounted for 21% of its

diazinon-exposed humans (Hayes et al., 1980; Richter et al., 1992)se, with 12% on alfalfa, 5% on corn, 5% on soybeans, 5% on
vegetables, 3% on fruit and nut trees, 2% on wheat, 2% on cotton

In rats, the major metabolites identified were three pyrimidinols,and 2% on sorghum (ATSDR, 1996).

2-isopropyl-6-methyl-4(1H)-pyrimidinone, 2-(alpha-

hydroxyisopropyl)-6-methyl-4(1H)-pyrimidinone and its beta 2. Non-Cropland Use and Usage:

isomer (FAO/WHO, 1993). Diazoxon, a toxic but transient Diazinon was used to protect golf courses from infestations of

intermediate was found in trace amounts in the urine of diazinonmany soil borne arthropods and nematodes (Frank et al., 1991;

treated rats. Some other polar metabolites, found in small amountgeister, 1998). Its use on golf courses and sod farms was

in the urine have not been identified (FAO/WHO, 1993). discontinued in 1986 following a concern about its toxicity to
birds and aquatic life.

In vitro studies on biotransformation of diazinon by liver

microsomes of various species have identified hydroxydiazinonpjazinon is available for use in homes to control flies, fleas, ants,

isohydroxydiazinon, dehydroxydiazinon, their oxons andgjjverfish, spiders, cockroaches and other household insects

diazoxon as transient intermediates (FAO/WHO, 1993). (WHO, 1998; Meister, 1998). It may be used in liquid, dust and
. granular forms (WHO, 1998). Diazinon may be used in the form
J. Mode of Action: of pest strips or sprays in indoor areas and offices. Besides home

Diazinon, like other organophosphate pesticides, disrupts nervand garden uses, diazinon may be used in sprays, dips, or pet
transmission in insects by inhibiting the acetylcholinesteraseollars in veterinary applications (ATSDR, 1996). Diazinon is

enzyme (ATSDR, 1996). used to control flies around areas where food or animal waste
_ may collect, such as fair grounds, zoos, animal facilities and

II. History of Use and Usage garbage collection centers.

A. History of Use and Nomenclature: Non-agricultural use accounted for 43% of the total amount of

Diazinon is a synthetic insecticide and a member of the family ofdiazinon applied in the US in 1982 (5.8 million Ibs) (ATSDR,
organophosphate pesticides (OP). It was first registered for use?96)- Home and garden use was estimated to be two to four
as an insecticide in the US in 1956 (ATSDR, 1996). Ciba-Geigyi!lion Ibs Al diazinon annually in 1994 to 1995 (Aspelin, 1997).
Corporation produced O,0-dimethyl-O-(2-[1-methylethyl]-4- Anpther three to four mllllqn Ibs Al d|a2|nonlwas yse;d annually
methyl-6-pyrimidinyl) phosphorothioate under the trademark PY industrial and commercial applicators during this time. By one
name Diazinofuntil 1994 (ATSDR, 1996). Diazinon has contact estimate, non-agricultural and urban use of diazinon can account
insecticidal activity against a wide variety of adult and juvenile for @ much as two-thirds of its total use in the US (Larson et al.,
forms of flying insects such as flies, fly maggots, mosquitoes,1995)'

beetles; crawling insects such as cockroaches, bedbugs, lice, ants;

and ticks, fleas and spiders (WHO, 1998). Some commodll. Current Regulatory Status

agricultural and non-agricultural uses of diazinon have been

described below. A. Regulatory Status:
Diazinon was determined to be an avian hazard and its use on
1. Agricultural Use and Usage: golf courses and sod farms was cancelled in 1986 (USEPA, 1996a).

Diazinon has been used in agriculture as a nematicide and

insecticide against soil insects and pests of fruits, vegetable®. Clean Water Act Requirements:

tobacco, forage, field crops, rangelands and pasture. Itis also usedazinon has been designated as a hazardous substance.
to keep greenhouses and mushroom houses free of flies. It isBischarges of more than one Ib of diazinon are required to be
non-systemic insecticide. It is most often used on fruit treesreported under the Clean Water Act (ATSDR, 1996). There has
horticulture crops, corn, potatoes, rice, sugarcane, tobacco and ieen no maximum contaminant level (MCL) set for its presence

vineyards (Meister, 1998). In NYS, it is used for the productionin public drinking water supplies. Health advisories (HA) have
of apples, peaches and pears (NASS, 1995). Diazinon sprays, diiseen set as follows:

powders and ear tags may be used to control ticks and fleas on

animals and in livestock facilities (ATSDR, 1996). Health Advisory:

An estimated 1.2 million Ibs of active ingredient (Al) of diazinon 10 kg child

was used per year for agricultural purposes in the US during 1990- *One day = 0.02 mg/L
1993 (Gianessi and Anderson, 1995a). Diazinon ranked as the *Ten day = 0.02 mg/L
24th most used insecticide nationwide. In NYS, an estimated 16 sLifetime = 0.0006 mg/L
thousand Ibs Al of diazinon was used per year for agriculture 70 kg adult

during the same time period, ranking it as the 21st most used «Long term = 0.02 mg/L
insecticide (Gianessi and Anderson, 1995b). In 1982, it was «Lifetime = 0.0006 mg/L
estimated that 47% of diazinon used in the US was for agricultural
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HAs are non-enforceable limits of the concentration of theCl 0.9 to 1.9) after an adjustment was made for diazinon use (Blair
chemical in the drinking water that is not expected to cause angt al., 1998). This result suggests that diazinon may have
adverse non-carcinogenic health effects when consumed for ncontributed to the increased risk for NHL observed from lindane
more than the time period specified, with a margin of safetyuse. The OR for risk of NHL in association with diazinon
(USEPA, 1996b). Health advisories for non-carcinogenic toxicantexposures should be evaluated in this pooled population.
are derived from the No Observed Adverse Effect Level
(NOAEL). The NOAEL of 0.02 mg/kg/day of diazinon was A subset of the population described above had been previously
determined in a study of human volunteers who received 0.02Beported to have an increased risk for NHL from use of diazinon
mg/kg/day diazinon for 34 to 36 days and showed no plasma an(Cantor et al., 1992). Cases of NHL (n = 622) among white male
erythrocyte cholinesterase inhibition or clinical effects (FAO/ farmers from lowa and Minnesota were compared to 1,245
WHO, 1993). Thus, for a 10 kg child, the health advisories atpopulation-based controls matched for age, vital status and state
0.02 mg/L confer a ten-fold safety factor over the NOAEL. of residence. The OR for NHL was increased (OR = 1.5; 95% ClI
0.9to 2.5) in the group of 27 cases and 39 controls who had ever
C. Workplace Regulations: handled diazinon. The increased risk for NHL was significant in
The Occupational Safety and Health Commission (OSHA) haghe group of 14 cases and 12 controls who had used diazinon
set the maximum allowable level in workplace air at 0.1 rig/m before 1965, 15 to 18 years before diagnosis (OR = 2.6; 95% Cl

for eight hours per day and 40 hours per workweek (ATSDR,1.2 to 5.9) (Cantor et al., 1992). The numbers of cases exposed to
1996). diazinon in this subset was small.

D. Food Tolerances: In another case-control study of 184 women diagnosed with NHL

EPA sets tolerances or the maximum amount of pesticide permitte@d 707 controls from agricultural workers in eastern Nebraska,
to occur on the edible portion of raw agricultural commodities the risk of NHL was significantly increased (OR = 4.5; 95% Cl
and in processed foods. Some of the residue tolerances for diazingnt 0 17.9, p < 0.05) in six cases and five controls who had
are: 0.1 parts per million (ppm) for potatoes and soybeans; 0.8ersonally handled OP (Zahm et al., 1993). However, the increase
ppm for apples; 0.7 ppm for peaches and corn; and 0.75 ppm fdf risk was not statistically significant for the four subjects who
grapes, melons and peanuts (USEPA, 1998). OPs are undergoiffgPorted using diazinon (OR = 4.1; 95% CI 0.4 to0 43.2). This
a risk assessment review under the 1996 Food Quality Protectiotfudy is one of the few that has evaluated occupational exposures
Act and some of these tolerances may be modified in the futurd® Women agricultural workers. However, only a few women had
handled diazinon in the study, limiting the statistical power of the
IV. Summary of Evidence of Qverall study, and the potential for exposure to other pesticides was high.

Carcinogenicity (Non-Breast Sites
g y( ) A study of 578 white men with leukemia and 1,245 population-

based controls was conducted in lowa and Minnesota (Brown et

1. Case Reports: al., 1990). An increased risk for leukemia was observed in
T ports. . N ssociation with the use of OP on animals (OR = 1.5; 95% CI 1.0

While there are numerous reports of diazinon poisonings an b 2.1). The small increase in risk for leukemia for mixing,

health effects, none have reported cancer incidences. ACulgjjing or applying diazinon was not statistically significant (OR
reversible pancreatitis has been observed following severe 'y 5. g5¢, ¢)'0.6 to 2.1). The risk for leukemia for less frequent
cholinergic syndrome in some cases of diazinon poisoning (WHO !

1998). The clinical effects due to acute diazinon exposure foun%sers of diazinon on crops was higher (one to four days per year,

: e , e R = 2.1) than the risk for more frequent users (five to nine days
in the case reports were not indicative of carcinogenicity and havﬁer year, OR = 0.5). The results were not conclusive because of
not been included here. f v

the small number of cases that had reported having used diazinon.

A. Human Studies:

2. Population-Based Case-Control Studies: o _A population-based, multi-center case-control study was
The only epidemiological studies done on cancer incidences iRonducted to determine the association between pesticide exposure
diazinon-exposed populations have been case-control studiggq risk of multiple myeloma in 698 cases (men and women)
among agricultural workers and one case-control study ofyom Detroit (MI), Utah, Washington State and Atlanta (Morris
childhood brain cancer. In most of these studies the small numbegg al., 1986). Cases were identified using the cancer registries
of subjects did not allow for an evaluation for the effect of diazinonser\,ing the four areas. Controls (n = 1,683) were from the same
after adjusting for other confounding exposures. geographical areas, selected at random by random-digit telephone
. _ dialing in three states, or by random selection of households from
Cases of non-Hodgkin’s lymphoma (NHL) among white men ;ithin two counties in Washington. The cases and controls were
(n = 987) and matched controls from three case-control studies i§iyen a questionnaire with a list of toxic and other chemicals and
lowa / Minnesota, Nebraska and Kansas (n = 2,895) were poolegsyed to recall past exposures. For individuals who had died or
together to evaluate the risk for NHL in association with use Ofyere too ill, the questionnaire was filled out by a relative. There
different agricultural chemicals. The controls were matched fory s 5 significantly increased risk for multiple myeloma among
age, marital status, smoking history and state of residence. Thgose who acknowledged being exposed to pesticides (OR = 2.9;
risk for NHL for lindane use was reduced from an Odds Ratioc| 1 5 to 5.5). The same percentage of cases and controls (0.3%)
(OR) of 1.5 [95% confidence interval (Cl) 1.1 to 2.0] to 1.3 (95% recalled being exposed to OP. Thus, the increased risk for multiple

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



myeloma was not associated with exposure to OP, includingex) served as matched controls. Survival rates were at least 84%
diazinon. Only a small number of cases and subjects in this studgt week 78. The incidence of hepatic adenomas and carcinomas
recalled exposure to OP. Proxy responses were used more ofteras significantly increased (p = 0.046) in male mice treated with
for cases (38%) than controls (1%), creating the potential for recathe low dose of diazinon (number of tumors / number of animals
bias. examined = 20/46). A dose-related effect was not observed: 13/
48 (27%) male mice fed the high dose of diazinon had these
The risk for childhood brain cancer was evaluated in a case-contralimors, which was not a significant increase over the incidence
study of children exposed to diazinon through family use of thein 5/21 (24%) controls. The incidence of liver tumors was not
insecticide in the home, gardens or orchards (Davis et al., 1993ncreased in diazinon-treated female mice: 0/47 of low dose group,
Childhood brain cancer cases (n = 45, all white children, male3/49 (6%) of the high dose group, and 2/23 (9%) controls had
and female) were identified through the Missouri Cancer Registryliver tumors (NCI, 1979). The combined incidence of lymphoma
The two groups of controls were cancer-free friends of the caseand leukemia was observed to be increased, but not significantly,
(n = 85), or other childhood cancers cases (n = 108). Family user in a dose-dependent manner in both the diazinon-treated groups,
of diazinon in the garden or orchards was found to be associated 11/47 (23%) female mice fed the low dose, 10/49 (20%) fed
with a significant increase in childhood brain cancer (OR = 4.6;the high dose of diazinon, compared to 3/23 (13%) controls. The
95% Cl 1.2 to 17.9) in comparison with the cancer-free controlincidences of mammary gland neoplasms observed in this study
group. The increase was not significant if the control group ofare given in Section V.B.1. of this report.
other cancers was used for comparison (OR =1.4; 95% CI1 0.4 to
4.7). The small number of cases (n = 7) and controls (n = 17) thdh an unpublished report submitted to the United Kingdom
were exposed to diazinon and the lack of data on level or duratioMinistry of Agriculture, Fisheries and Food (MAFF) (as reported
of exposure and the potential for recall bias were limiting factorsn WHO Report, 1998), B6C3F1 mice (60 of each sex per dose)
of this study. However, the results point out the need for futurevere fed 0, 100, 200, 300 (males only) or 400 (females only) mg/
studies of cancer incidences in populations exposed to diazinokg diazinon (purity unspecified). After 24 months, there were
especially children, through its use in homes, gardens andeported to be no treatment-related histopathological lesions.
orchards. Pathology results, tumor incidences, survival rates and body
weight gains were not available to critically evaluate this study.
3. Summary:
All the epidemiological studies described above have evaluated. Rats:
the risk of cancer in populations that were exposed to manysroups of F344 rats (50 of each sex per dose) were fed either 400
different chemicals including diazinon. The small humbers ofor 800 ppm of diazinon for 103 weeks. Matched controls consisted
cases in most of these studies do not allow for an evaluation aif groups of untreated rats (25 of each sex). The survival rates of
the cancer risk that can be attributed to diazinon exposureall groups were higher than 84% at week 78 (NCI, 1979). There
specifically. The risk for NHL has been observed to bewas a significant increase (p = 0.011) in the combined incidence
significantly increased in male agricultural workers who hadof lymphomas and leukemia in 25/50 (50%) male rats fed the low
handled diazinon 15 to 18 years before diagnosis in one caselose of diazinon, compared to the incidence in 5/25 of controls
control study (Cantor et al., 1992). In another case-control study;20%). The increase in incidence of lymphomas and leukemias,
the risk for NHL among four female agricultural workers who in 12/50 (24%) male rats fed the higher dose of diazinon was
reported using diazinon, the increase in risk for NHL was notsmall and not significant, indicating a lack of a dose-dependent
statistically significant (Zahm et al., 1993). Diazinon exposureeffect. The combined incidence of lymphoma and leukemia was
was not found to be associated with an increase in the risk foB/50 (12%) for both the diazinon-treated groups of female rats, a
leukemia (Brown et al., 1990) or multiple myeloma (Morris et small but not significant increase over the incidence in controls
al., 1986). The frequency of use of pesticides including diazinorn(2/25 = 8%). The incidence of mammary gland neoplasms is given
was significantly higher in families with cases of childhood brainin Section V.B.2. of this report.
cancer than a cancer-free control group of families (Davis et al.,

1993). In an unpublished toxicological study conducted by Ciba-Geigy
Corporation (Kirchner et al., 1991), Sprague-Dawley rats (30 or
B. Experimental Animal Studies: 40 of each sex, per dose) were fed 0.1, 1.5, 125 and 250 ppm

Except for a cancer-bioassay conducted by the National Cancéliazinon (87.7% pure in soy oil). A control group of animals were
Institute (NCI), all evaluations of the effects of diazinon in fed a diet containing the vehicle alone (soy oil). At 12 months,
experimental animals have been presented in unpublished reportén animals were killed from each group. Another ten animals
Some of the unpublished reports were kindly provided to us byvere allowed to recover for four weeks and then killed. The
Novartis Crop Protection, Inc. (formerly Ciba-Geigy). We have remaining animals were maintained on treatments until 99 weeks.
included brief abstracts of other studies as reported by WHGUrvival rates were variable and were as low as 30 to 35% in

(1998). some diazinon-treated groups. The authors state that the high
moribundity was due to senescence-related symptoms in these
1. Mice: rats. None of the histopathological lesions observed at final

Groups of BBC3F1 mice (50 of each sex) were fed either 100 opacrifice were considered to be treatment-related by the authors.
200 ppm diazinon for 103 weeks. Untreated mice (25 of eactMale rats that had received the highest dose of diazinon had a
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significantly increased (p = 0.025) incidence of pancreatic focab. Summary:
islet cell hyperplasia compared to vehicle-treated controls Diazinon-treated male mice had a significantly increased incidence
Panpreancfocal islet ceII_hyperpIaS|a was observed in 1/20 (5%gf hepatic carcinomas in one treatment group (NCI, 1979).
vehicle fed controls and in 7/20 (35%), 5/20 (25%), 6/20 (30%)Incidence of hepatic tumors in diazinon-treated female mice was
and 7/20 (35%) male rats that had received 0.1, 1.5, 125 and 25t affected. Male rats in one diazinon treatment group had a
ppm diazinon, respectively. The incidence of this disease in femalsignificant increase in the combined incidence of lymphomas and
rats was not avaﬂablga. The increased incidence of pancreatmfocaiukemia (NCI, 1979). One study of diazinon-treated male rats
islet cell hyperplasia in male rats was not considered to b@bserved a significant increase in the incidence of focal islet cell
treatment-related since there was no dose-related trend, althouglyperplasia in the pancreas (Kirchner et al., 1991).
it should be noted that the incidence was increased in all the
diazinon-treated males. (Kirchner et al., 1991). C. Current Classification of Carcinogenicity by Other

Agencies
In another unpublished report submitted to MAFF (as reported in. |JARC Classification:
WHO Report, 1998), F344 rats (75 of each sex per dose) werBjazinon has not been classified for carcinogenicity by IARC
fed 0, 0.1, 1.5, 22.6 mg/kg diazinon (purity not specified). Rats(ﬁATSDR, 1996).
fed the highest dose had increased ulceration of the stomac
including hyperplasia of the epithelium (statistical analysis not, \Tp classification:
available). The report stated that no neoplastic lesions Wergy;o,inon has not been classified for carcinogenicity by NTP
observed in the controls or diazinon-treated rats in the study. N?USDHHS 1998)
details were available on the incidence of pathological lesions o ' '

survival rates. 3. EPA Classification:

Diazinon has not been classified for carcinogenicity by EPA

3. Dogs:
In an unpublished study, Beagle dogs (four of each sex, per dosé’?‘TSDR’ 1996).

were fed 0, 0.1, 0.5, 150 and 300 ppm diazinon (87.7% pure) f . . . . .

52 weeks. The authors report that histopathological differencgg/- Critical Evaluation of Breast Carcinogenicity

between controls and treated groups were unremarkable. Pituitary

cysts were found in 1/4 (25%), 0/4 (0%), 1/4 (25%), 2/4 (50%)A. Human Studies:

and 3/4 (75%) females that were fed 0, 0.1, 0.5, 150 and 300 ppithere have been no case reports of breast cancer among women
diazinon, respectively. The increase in incidence of pituitary cystexposed to diazinon. Case-control studies on health effects in
in the females was dose-related and significant for the group fedomen exposed to this insecticide have not reported breast cancer
the high dose of diazinon (p < 0.05), but was not considered asiacidences.

treatment-related effect by the authors because of the historically

high incidence of such cysts in dogs (Rudzki et al., 1991). Thisl. Human Tissue Levels:

study cannot be regarded as a cancer bioasssay due to the smNdl reports were found on the presence of diazinon residues in
sample size and the short duration of only 52 weeks. human breast milk.

In another study on dogs that was also done at Ciba-Geigy (Barnes, Experimental Animal Studies

1988), atrophy of pancreatic acini was observed in one male dog, \jce:

that was fed the highest dose (300 ppm of diazinon) for 13 weeks, ne study conducted by the NCI, groups of BEC3F1 mice (50
While this result is not significant by itself, it has been pointed ¢ aach sex) were fed either 100 or 200 ppm diazinon for 103

out here since pancreatic effects have been reported in diazinof;seks (NCI, 1979). Groups of untreated mice (25 of each sex)
treated rats (Kirchner etal., 1991), and in case reports of diazin0geryed as matched controls. Survival rates were at least 84% at

poisonings in humans (WHO, 1998). week 78. Mammary gland fibroadenomas were observed in 1/47
_ (2%) female mice that were fed the low dose and 4/49 (8%) mice
4. Monkeys: that were fed the high dose of diazinon compared to 0/23 (0%)

In an unpublished study conducted for Ciba-Geigy (Cockrell etcontrols. The increased incidence of mammary gland

al., 1966), Rhesus monkeys (three of each sex per dose) wef@roadenomas in diazinon-treated mice was not statistically
orally treated with a daily dose of 0, 0.1, 1.0 and 10 mg/kgsjgnificant.

diazinon. The doses were lowered by half after 34 days and
treatment was stopped after 106 weeks. Four of the 18 diazinory Rats:

treated monkeys did not survive the full term of the experimentrne same study described above also evaluated mammary gland
Diazinon-treated animals had reduced weight gains compared Qs p1asms in groups of F344 rats (50 of each sex per dose) that
the controls (statistical analysis not available). Histopathological,ere fed either 400 or 800 ppm of diazinon for 103 weeks.
analysis did not reveal any pathology that could be attributed tQatched controls consisted of untreated rats (25 of each sex).
diazinon treatments. It should be noted that this study, because%/k]e survival rates were higher than 84% at week 78 for all groups
the small number of animals used per dose group and the shafyc| “1979). Mammary gland neoplasms in female rats were
duration of exposure, can not be regarded as a cancer bioassayyserved in 7/50 (14%) fed the low dose and 4/50 (8%) fed the
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high dose of diazinon, compared to 5/25 (20%) controls. Thecancer cells (MCF-7) in the E-SCREEN assay for estrogenicity
incidence of mammary gland neoplasms was thus slightly, bu¢Soto et al., 1995).

not significantly lower in treated rats, indicating that diazinon

does not affect the incidence of mammary tumors in rats. Anothe¢. Male Sex Hormone Levels:

study of long-term exposure effects in rats did not report any_iver enzymes that metabolize corticosterone regulate the
increase in incidence of mammary gland neoplasms (Kirchner &dirculating steroid levels in the plasma. Thus, a disruption of

al., 1991). corticosterone metabolism could lead to a feedback affect on
steroidogenesis of sex hormones. Diazinorf 1)) added to the
3. Summary: extract of liver microsomes from male Swiss-Webster mice caused

Case-control studies of health effects in women exposed ta significant inhibition of the testosterone hydroxylases (Donovan
diazinon have not reported on breast cancer incidences. No cas¢al., 1978). This effect was also observed in liver microsomes
reports of breast cancer in association with diazinon exposurextracted from Sprague-Dawley rats, but only at highef {0

were found. No increase in incidence of mammary glandconcentrations of diazinon. We have presented this study because
neoplasms was reported in diazinon-treated mice or rats (Kirchnetiazinon was observed to affect hepatic corticosterone reductases

et al., 1991; NCI, 1979). in vivoin mice (Cranmer and Avery, 1978). We recommend that
the hepatic effects of diazinon and any disruption of

C. Other Relevant Data on Breast Cancer Risk steroidogenesis be evaluated further.

1. Evidence of Endocrine Disruption

a. In Vivo Studies: d. Summary:

Male and female progeny of pregnant mice exposed to 0, 0.18, orome studies indicate that diazinon may adversely affect hepatic
9 mg/kg/day diazinon during gestation were observed to havé&orticosterone metabolism (Cranmer and Avery, 1978; Donovan
significant (p < 0.05) retardation in sexual development in onegt al., 1978). However, studies domevivo (Barnes, 1988,
study (Spyker and Avery, 1977). It was not possible to determiné&ranmer and Avery, 1978; Giknis, 1989; Rudzki et al., 1991;
from this study if this retardation was due to an overall toxic effectSPYker and Avery, 1977), am vitro (Soto et al., 1995), show no
from prenatal exposure to diazinon, or whether the effect wagvidence for an anti-estrogenic or estrogenic effect of diazinon.
specific to the development of sex organs. In another paper bl iazinon’s effect on hepatic hydroxylation of steroids and whether
the same author, adrenal gland weightsianiro steroidogenesis t leads to any endocrine disruption needs to be studied further.
were reported to be unaffected in the progeny of dams that were ) )
exposed to the low dose (0.18 mg/kg) of diazinon. However, thé&- Reproductive and Teratogenic Effects: _ .
hepatic capacity to metabolize corticosterone was significantI),SIlldlelS on ﬂ?perUCUVG toxicity can sometimes provide eVIder}ce
reduced (p < 0.01) in the progeny of the low-dose treatment groufPr a disruption in estrogen-dependent events. A two-generation
(Cranmer and Avery, 1978). Progeny of pregnant mice expose8tudy of albino rats orally treated with 0, 10, 100 or 500 ppm
to the higher dose (9 mg/kg/day) did not have a significant effecgliazinon observed no significant effect on organ weights, precoital
on plasma levels of corticosterone, adrenal steroidogenesis daterval, gestation duration, é}nd other reproc_juc_tlve parameters
hepatic corticosterone hydroxylation. However, a significantwhen animals were treated with < 100 ppm diazinon. At the 500
reduction in adrenal gland weights (p < 0.05) was observed in thepm dose level of diazinon, gestation was prolonged, accompanied
progeny of the high-dose treatment group. The authors state thBy a decrease in number of pregnancies and fertility indices
estradiol can stimulate the liver's capacity for corticosterone(Giknis, 1989). Other clinical effects were also observed in the
hydroxylation. However, a decrease in hepatic corticosteronglams tr_eated to this dose level, indicating that the dose was toxic.
hydroxylation in the progeny of exposed mice is not sufficientAn earlier study of Sprague-Dawley rats that were fed 0, 15, 50
evidence for an anti-estrogenic effect of diazinon. or 100 mg/kg diazinon during days six through fifteen of gestation,
reported no treatment-related effects on number of corpora-lutea,

In a two generation reproductive study, albino rats (30 of eactimplantations, resorptions or viable fetuses (unpublished report
sex per dose) were fed 0, 10, 100 or 500 ppm technical gradey Fritz etal., 1974, as cited in WHO, 1998). Similar results have
diazinon (unknown purity) (Giknis, 1989). The relative testes anddeen reported from other animal studies in rats and rabbits
ovary weights were not significantly different in the treated and(unpublished reports, as cited in WHO, 1998). Pregnant Carworth
control groups. Uterine and ovarian weight gains were notrarms Nelson (CFN) rats were orally treated with 0, 40, 50, 60,
significantly affected in two studies (see Section IV.B.3. for studyor 75 mg/kg diazinon through days seven to 19 of gestation in
design) that evaluated the toxicity of diazinon in dogs (Barnes@nother study. The highest dose was found to be toxic to the dams.
1988; Rudzki et al., 1991). Monkeys that were orally treated withOther doses of diazinon did not affect litter size, fetal body
diazinon over 106 weeks (see Section IV.B.4. for study design)veights, brain weights, the number of resorptions, or corpora lutea
were reported to have normal estrus cycle development (Cockre(Hoberman et al., 1979).
et al., 1966).

) Studies on reproductive toxicity of diazinon have observed that
b. In Vitro Assay for Estrogenicity: prenatal exposure to diazinon is toxic to litters, but only at high
Diazinon was not estrogenic in anvitro test. Diazinon did not ~doses that are also toxic to the dams (Giknis, 1989; Hoberman et

induce cell proliferation of estrogen-responsive human breasgl-: 1979). The reproductive toxicity observed in diazinon-treated
animals does not indicate disruption of estrogen-mediated events.
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3. Tests of Mutagenicity and Genotoxicity: in the bone marrow of Chinese hamsters or mice in these studies.
Various screening assays have been developed to identifiazinon did not induce genetic damage or chromosomal loss in
chemicals that increase the frequency of mutations or chromosorm@NA-repair defectiveDrosophila (Woodruff et al., 1983).
aberrations and thus affect cancer risk. Diazinon was noPiazinon in aquarium water, at concentrations of 5.4 X’M0
mutagenic in most systems in which it was tested. Based on itfiduced a significant increase (p < 0.01) in the frequency of sister
lack of activity in at least six genetic bioassays, it was classifie¢hromatid exchanges (SCE) in mudminnows (Vigfusson et al.,
as “probably negative” for mutagenicity and genotoxicity by EPA 1983). On the basis of these results it appears that diazinon has
(Waters et al., 1983). Short term genotoxicity tests done by th&@ot been observed to be genotoxic in animal systems except for
NCI in mice and rats have shown no evidence for a carcinogeniéne study in fish (Vigfusson et al., 1983).
potential for diazinon (Shelby and Stasiewicz, 1984).

c. Studies in Isolated Cells:

Results from different studies of diazinon’s genotoxic effects in
a. Chromosome Aberrations in Occupationally Exposed isolated cells have been equivocal. Two studies have observed
Humans: that diazinon treatments along with the metabolic activating S9
One study has evaluated chromosomal defects in association WiLH'X can cause a significant increase in SCE rates (p < 0.01) in
exposure to BasudiE (formulated diazinon), in 34 humanlymphoid cells (Sobtietal., 1982), and a 20 to 50% increase
manufacturing workers (Kiraly et al., 1979). Chromosome in SCE in CHO cells (Matsuoka et al., 1979). Diazinon, without
deletions and translocations were increased, but not significantiy® activation, was found to induce mutations in the thymidine
(p = 0.10) among workers exposed to BastiiriThe two control inase gene in mouse L5178Y/tk lymphoma cells (McGregor
groups used in this study had variable rates for such aberration§t al-, 1988).
further reducing the significance of the diazinon-related increase. ) ) )

In contrast, SCE was not increased in two other studies of CHO
Three other occupational cohorts have been evaluated fofélls treated with 0, 0.05, 0.1, 0.2 and iglml of 99% pure
frequency of chromosome aberrations in blood lymphocytes, bufliazinon (Kuroda et al., 1992), or to concentrations ranging
these populations were exposed to many different pesticideB&tween 0.03 to 1.0 mM of 89% pure diazinon (Nishio and Uyeki,
including diazinon. Genotoxicity of urine samples from 22 non-
smoking orchard workers who were occupationally exposed to i , . i
many pesticides including diazinon, was assayed using ChinesE€ average dietary intake of diazinon was estimated from reports
hamster ovary cells (CHO). The clastogenic activity of urine©f its detection in foods in Italy. Cytokinesis-blocked human
specimens was significantly increased during the spraying perioymphocytes treated with diazinon at the estimated daily intake
(p < 0.001) for the highly exposed orchard workers but not forievel, or 10 and 100 times higher concentrations caused an increase
the unexposed research station personnel (See et al., 1990)_|;Athefrequency of micronucleated cells, but the increase was not
study of 64 workers (floriculturists) in Italy who were exposed to dose-related. A mixture of dimethoate, azinophos-methyl and
pesticides including diazinon through their work found diazinon caused a larger increase in micronucleated cells than
significantly elevated sister chromatid exchange rates in théliazinon alone. However, the increase in micronucleated cells
peripheral blood lymphocytes of exposed workers (p < 0.01) (Decaused by the mixture was less than the sum of the increases
Ferrari et al., 1991). Another study evaluated the frequency opbserved after treatments with each of the three chemicals alone
chromosome aberrations in the lymphocytes of 16 pestiCidéB|anch|-_S_antamarla etal., 1997). Thus, the increase in effect was
applicators in Idaho who used insecticides including diazinon. Aot additive or synergistic. Diazinon treatment of human
five-fold increase was observed in the frequency of chromaticPeripheral blood lymphocytes in another study did not cause an
breaks in lymphocyte cultures, if the lymphocytes obtained duringncrease in chromosome aberrations, but did induce a dose-related
the spraying season were compared to those obtained off-seasBgnd in abnormally condensed chromosomes (Lopez et al., 1986).
(Yoder et al., 1973). All these studies indicate an induction of! N€ same authors conducted another study in which the
chromosome aberrations in populations that were occupationalllymphocyte cultures were treated with pulses of a non-inhibitory
exposed to many different kinds of pesticides. Since the orcharflose of diazinon during different phases (@0ml). A trend for
workers, floriculturists and pesticide applicators used various2Pnormal chromosome condensation was observed in parallel to

pesticides including OPs, the genotoxicity of diazinon specificallyd@bnormal chromosome condensation. Older cultures treated with
cannot be determined from these studies. diazinon did not have an increase in chromosome aberrations

(Lopez and Carrascal, 1987). These results suggest that actively
b. Studies in Experimental Animals: growing blood lymphocytes exposed to non-toxic doses, may be

Twelve male Wistar rats were fed diazinon (87% pure) in a 1:1M0re susceptible to chromosome damage from diazinon.
water-ethanol solution by gavage for 28 weeks, while twelve . L : )

control rats received only the vehicle. Four control rats were lefd: Mutagenicity Studies in Bacteria and Yeast:

untreated. Histopathological examinations of the liver did notStudies in yeast and bacteria indicate that diazinon is not a strong
reveal any preneoplastic lesions (Anthony et al., 1986). Resultglutagen. Assays for reversion mutations in bacteria and yeast
from unpublished reports of studies done for Ciba-Geigy havd'ave been negative (Garrett et al., 1986; Marshall et al., 1976;
been summarized in a recent Environmental Health Criteria Repofi@gy etal., 1975; Shirasu et al., 1976; Wild, 1975; Zeiger, 1987).
(WHO, 1998). Diazinon did not induce any nuclear aberrationgNon-toxic concentrations of diazinon (20 ppm) were not
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mutagenic to four tester strains $&lmonellain the absence of epithelial cells (established cell line) in am vitro assay

S9 mix. In the presence of S9, diazinon was found to be mutageni{&reenman et al., 1997). However, higher concentration of 50

to only one (TA98) of the fouBalmonellsstrains that were tested uM diazinon did not induce cell proliferation. In tle vitro

(Wong et al., 1989). ESCREEN assay for estrogenicity, 1nM to 18 diazinon
concentrations did not induce the proliferation of estrogen

A modified colorimetric SOS microplate assay was used toresponsive human breast MCF-7 cells (Soto et al., 1995).

compare the genotoxicity of diazinon when mixed with bile salts

or in 10% dimethyl sulphonate (DMSO) (Venkat et al., 1995).5. Immunological Effects:

Diazin(_)n, m_ixed with bile salts, was Ie_ss genotoxic than when itan impaired immune system may compromise the ability of the

was mixed in DMSO. The mutations induced were assayed byody to fight disease and cancer. One study evaluated the effects

the expression of thg-galactosidase gene, which was under the of diazinon in pregnant mice that received either 0.18 or 9 mg/kg

control of SUIA(SOS DNA repair gene). dose in diet throughout gestation. A significant suppression
(p < 0.05) in the immunoglobulin (IgG) concentrations was
Summary: observed in prenatally exposed male and female pups at 101 days

Diazinon was not found to have a strong genotoxic effect in mosbf age. However, at 400 or 800 days of age, the 1gG levels of the
systems in which it was tested. The three studies that have reportedposed pups were no longer significantly different than control
a significant increase in chromosomal aberrations in orcharanice (Barnett et al., 1980). This transient suppression in immune-
workers, floriculturists and applicators, evaluated the effects ocompetence also corresponded with an increased early morbidity
exposure to many different pesticides, but not to diazinonobserved in litters of diazinon-treated mice.

specifically (De Ferrari et al., 1991; See et al., 1990; Yoder et al.,

1973). Diazinon was not found to increase the incidence oin another study, the immuno-toxicity of cocaine was evaluated
preneoplastic lesions in rats (Anthony et al., 1986), or nuclean mice exposed to diazinon (Kump et al., 1996). Treatments of
aberrations in bone marrow of mice and Chinese hamsterfemale B6C3F1 mice with 10 or 30 mg/kg diazinon (i.p.) caused
(unpublished studies, cited in WHO, 1998). Studies of itsno significant difference in antibody response. However, mice
genotoxicity have been equivocal in isolated cells, with three outhat were pre-treated with diazinon and cocaine had a significantly
of five assays indicating a genotoxic potential (Kuroda et al., 1992suppressed antibody response to sheep erythrocytes, and the
Lopez et al., 1986; Lopez and Carrascal, 1987; Matsuoka et alsuppression was related to the dose of diazinon (Kump et al.,
1979; McGregor et al., 1988; Nishio and Uyeki, 1981). 1996). The authors propose that diazinon inhibits esterases and
Mutagenicity assay results were mostly negative in bacteria anthus inhibits the metabolism of cocaine through the esterase
yeast (Garrett et al., 1986; Marshall et al., 1976; Nagy et al., 197%athway. This inhibition leads to more cocaine being metabolized
Shirasu et al., 1976; Venkat et al., 1995; Wild, 1975; Wong et al.through the P-450 enzyme pathway. The metabolites of cocaine

1989; Zeiger, 1987). formed through the P-450 enzymes are proposed to cause the
suppression of the T-cell dependent antibodies response (Jeong
4. Evidence of Tumor Promotion and Cell Proliferation: etal., 1994). This study does not indicate that diazinon is immuno-

One study found diazinon to promote lung tumors in mice. A/Sttoxic by itself, but that it can potentiate the immuno-toxic effects
bred mice are highly susceptible to pulmonary tumors.of other toxic chemicals by disrupting the esterase pathway of
Intraperitoneal (i.p.) treatments of these mice with 10 mg/kgmetabolism.
diazinon, three times a week for eight weeks, caused a significantl
increase in incidence of pulmonary tumors in the females (gh a study of fish treated with diazinon, macrophage populations
<0.05), but not in the males (Maronpot et al., 1986). Diazinon’sin the kidney and spleen were observed to be significantly
tumor promotion ability was tested in male rats in another studyincreased (p < 0.03), indicating an activation of the immune system
Male F344 rats received 200 mg/kg diethnylnitrosamine (DEN)(Dutta et al., 1997). Northern Bobwhite eggs were placed in nests
i.p., and two weeks later were fed diazinon (500 or 1000 ppmy)vithout cover in fields that were sprayed with diazinon. Three
for eight weeks (Kato et al., 1995). Glutathione S-transferase Week old chicks were randomly selected (n = 48) and challenged
(GST-P) positive foci were assayed one week after treatment witith a pathogenic strain of bacteria that causes avian cholera.
diazinon, as preneoplastic indicators of tumor promotion. Therel he immunocompetence of the hatchlings was not significantly
was no significant increase in either the number or size of GST-Rffected by the diazinon exposure (Dabbert et al., 1996).
positive foci in the rat livers of diazinon-treated animals. Other
experimental animal studies have reported liver damage ifiazinon exposure was found to cause a transient suppression of
diazinon-treated male rats (Dikshith et al., 1975; Kirchner et al.the developing immune system (Barnett et al., 1980), and
1991). However, an evaluation of preneoplastic lesions was ndgotentiated the immuno-toxic effect of cocaine (Kump et al., 1996)
reported for these diazinon-treated rats. in mice. Whether or not diazinon can increase cancer risk in
mammals cannot be determined from this evidence. Diazinon’s
A chemical that increases the rates of cell proliferation may leadmmuno-toxicity and ability to potentiate the immuno-toxic effects
to tumor promotion by causing an increased number of tumors o®f other chemicals should be evaluated in further studies.
a larger and detectable size. Low doses of diazinon (1 and 10
uM) were found to significantly increase §0.05) the cell
proliferation rates of cultured human intestinal and rat intestinal
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6. Summary of Other Relevant Data on Breast Cancer Risk:  equipment that was more typical of residential homeowner use
Diazinon was not estrogenic in studies dameivo or in vitro than large-scale operations, it is also useful in evaluating the
(Barnes, 1988; Cockrell et al., 1966; Giknis, 1989; Rudzki et al. potential of non-occupational exposure for homeowners who use
1991; Soto et al., 1995). Whether or not diazinon’s effect onthis insecticide.

hepatic enzymes leads to endocrine disruption needs to be studied

further (Cranmer and Avery, 1978; Donovan et al., 1978). Diazinor. Potential for Exposure for the General Population:

was not found to be genotoxic in most systems in which it wasThe general population may be exposed to low levels of diazinon
tested. Diazinon promoted pulmonary tumor in mice (Maronpotintermittently, through diet or from the air (WHO, 1998). The
et al., 1986), but did not promote pre-neoplastic lesions in theaumerous case reports in the literature also indicate a high potential
livers of rats (Kato et al., 1995). Diazinon induced the cell of accidental poisonings with this insecticide (Adlakha et al., 1988;
proliferation rate of intestinal cells (Greenman et al., 1997), butBalani et al., 1968; Goldman, 1995; Gupta and Patel, 1968; Halle
did not induce the proliferation of breast tumor MCF-7 cells (Sotoand Sloas, 1987; Hata et al., 1986; Karlsen et al., 1981; Klemmer
et al., 1995). Prenatal exposure to diazinon was found to disturbt al., 1978; Kurt, 1988; Maddy and Edmiston, 1988; Muldoon
the developing immune system in mice (Barnett et al., 1980). Thand Hodgson, 1992; Poklis, 1980; Rao, 1965; Rayner et al., 1972;
evidence of related mechanisms by which diazinon may affecReichert et al., 1977; Richter et al., 1992; Shankar, 1978; Sheth
cancer risk is limited to its lung tumor promotion and transientet al., 1995; Soliman et al., 1982; Wagner and Orwick, 1994;
immuno-toxic effects. Diazinon’s immuno-toxic effects need to Wedin et al., 1984). Most high level accidental exposures or
be studied further since an impaired immune system may increagmisonings have involved either dermal absorption or ingestion

the risk for cancer. of this insecticide (WHO, 1998). Below, we outline some results
of studies of air, food, water and soil levels of diazinon that indicate
V1. Other Information a potential for exposure to the general population.
a. Air:

A. Environmental Fate and Potential for Human Exposure: ) . . -
P Air samples from ten different locations within the US were

1. Occupational Exposure: . . S
Diazinon exposures in agricultural workers have been reporte%{alymd for agrochemicals as part of an environmental monitoring

: : i . . -study by EPA (Carey and Kutz, 1985). This study reported
'Icgjeol??ﬁigl?gogr'tb?;:ﬂ Z?Z?-Cfggtglé:gwre] Z?;‘Slcufggg, Igasrstg? tectable levels of diazinon in 48% of the air samples collected
et. ai 1992 Zpahm ot al 19"93) in, orchard Wo'r’kers “1] Hawaiiin 1980 from one location each in South Carolina, lllinois,
(Ray'r’wer et :’i|., 1972), aHd case’ reports (Maddy and Edmisto Ia}}tf)am_a, Mhsslsst;ppl, dMﬁontanall, two dlfferent Iocatr:ons n
1988). But the levels of exposure to diazinon were not determine 3ello(;P§1iaazri]nolnni:1 {ﬁ:seloﬁf{gggroéfggrrﬁ IIgsT\(/av)ézsé q‘:qemranean
in these studies. Occupational exposure to organophosphat ximum level of diazinon detected was 53 rig/m ’

including diazinon was also documented by the presence of alk

phosphate metabolites in the urine of pest control applicatori\ “Non-Occupational Pesticide Exposure Study” (NOPES) was
(Hayes etal., 1980; Maizlish et al., 1987; Weisskopfetal., 1988)designed to assess seasonal variations and the total exposure to
veral pesticides through air, diet, dermal contact and water in
6 homes in two different geographic regions, Jacksonville,
lorida and Springfield/Chicopee, Massachusetts (Whitmore et
I., 1994). Both the sites have little agricultural pesticide use, but
acksonville, Florida, with its warmer climate was expected to
ave higher household insecticide usage. It was estimated that

(Wright and Leidy, 1980). Air samples collected from cabs Of83% of the population of Jacksonville is exposed to detectable

. : . -~ -2~ levels of diazinon in indoor air throughout the year. The mean air
pickup trucks used by pest control firms had higher dIaZInonconcentration of diazinon in the homes sampled in Jacksonville
r(testl_due Ie\églg4vxlthe2n orgo/vrlg)g(\(ls'5?1tt0t5'=1§/1r§§’2)th?n whtehn ranged between 85.7 ngfin winter, to 420.7 ng/fin summer
stationary (O. 0 2.0fg right et al., . In another e : . . LS -
study, the concentration of diazinon in the air of a retail garderin Springfield/Chicopee, indoor air contamination was relatively

; ess frequent (10 to 20% detection rate). The mean air
store that sold agrochemicals was found to be:g/ae (Wachs oncentration (indoor) varied from 2.5 to 48.4 nyjlmetween

et al., 1983). All these studies reported diazinon levels below thé- ; :
inter and spring, respectively. These levels were well below the
TLV (100 pg/n?). One study has evaluated the personnel exposur LV. This study suggests that the potential for non-occupational

during applications of diazinon granules using different kinds of sidential ex L . :
. ; i . posure to diazinon from the air may vary depending
equipment, predominantly hand-held spreaders. The hlgheg n the geographic region and household use of the insecticide.

respiratory exposures occurred during work shifts that involve
belly grinder use (a broadcast spreader hung by a strap arou?g‘

Results of studies of occupational exposure suggest that high lev
of occupational exposures to diazinon probably occur throug
the dermal route during spraying operations, and not throug
inhalation. Air residues of diazinon in storage rooms and ofﬁcesJ
in commercial pest control buildings were found to be below theh
allowable limits or threshold limit value (TLV = 10@g/nT)

another study, house dust and air samples were collected and
alyzed from nine middle-income households with a child of
six months to five years of age in Durham, North Carolina.
E?Residues in houses in which pesticides were used by commercial
e,@est control services or by homeowners were compared to a

the neck). This exposure was observed even for workers who wo
respirators during applications. It is possible that high levels o
deposition of diazinon on the body and coveralls may hav
contributed to prolonged respiratory as well as dermal exposur
in these applicators (Weisskopf et al., 1988). Since this study us
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control household that reported no pesticide use. Diazinon wageographic regions in the US. In Jacksonville, Florida, estimated
detected in the air of only one of the houses. The basement of thiily exposure to diazinon was higher through the air (1,380 ng)
house had been professionally treated against insect pests (Lewifsan through diet (average of three surveys = 774 ng). One market
et al., 1994). A slow transport of the insecticide, resulted in aibasket survey done between 1986 to 1987 estimated a daily dietary
residue levels on the first floor in the range of 0.03 to pd@m® exposure level (1,140 ng) which was twice the level estimated in
diazinon over the 14 day period of monitoring. Movement of 1982 to 1984 (590 ng) or 1987 (593 ng). In Springfield/Chicopee,
diazinon into adjoining rooms was also reported by another studiassachusetts, daily exposure estimates from diet (586 ng) in
that monitored levels of this insecticide in the air 21 days after its1982 to 1984 were higher than the daily estimated exposure from
crack and crevice application (Leidy et al., 1982). air (158 ng) (Whitmore et al., 1994). The results of this study
indicate that exposure to diazinon for the general population occurs
Rooms in which pest control strips containing 10% diazinon werghrough diet and inhalation and the relative exposure may vary
used had a steady increase in the level of diazinon in the aidepending on geographic region, food intake and household use
reaching the maximum level (1.84/n) 15 days after the strips  of the insecticide.
were placed (Jackson and Lewis, 1981). In another study,
maximum air levels of insecticide were observed between day 1Biazinon is widely used as an insecticide on fruit trees. In a survey
and day 30 following the use of diazinon impregnated pest stripsf apples from Ontario, Canada in 1978 to 1986, only 0.3 % of
in animal facilities (Hinkle et al., 1980). These studies indicatethe apples were found to carry detectable residues (0.04 mg/kg)
that diazinon residues gradually build up in the air following the (Frank et al., 1989). Diazinon was found to bioconcentrate in fish
placement of pest strips in enclosed areas. However, the maximu?20 fold in carp) that were exposed to 0.012 to 0.021 ppm
air residue levels reached were below the TLV for diazinon.  concentrations in water, with ratios that varied in proportion to
the fat content of the fish (Seguchi and Asaka, 1981). However,
Airborne residues were monitored after a flat fan spray was usegeven days after the fish returned to clean water, diazinon levels
to apply 1% diazinon in three offices. Airborne concentrations ofin fish were less than 0.008 ppm, indicating rapid clearance of
diazinon in the offices peaked at 1)6§/m?® four hours after the the insecticide. Thus, diazinon residues in fish may be an
spraying. The airborne levels of diazinon remained at the TLV 24ndication of a recent pollution event. Milk is not a major route
hours after treatment. These results led the authors of this studgr excretion of diazinon. However, some diazinon was detected
to recommend that unventilated areas that are sprayed witim cow’s milk fat (highest level = 0.04 mg/kg) seven days after
diazinon be avoided for at least two days following applicationthe lactating animal was ear-tagged with a diazinon-containing
(Currie et al., 1990). product (Spradbery and Tozer, 1996); (see also Section VI.3.b.
Diazinon and Lactation).
People who live or work in diazinon-treated areas may be exposed
to air residues. The levels of diazinon found in most studies wer&oods left in rooms during diazinon treatment, or brought into
well within the TLV. As recommended on the label, treated areagooms too soon after treatment may carry detectable levels of
should be ventilated. The manufacturer’s guidelines should beliazinon residues. In one study, foods that were left in the room

followed for re-entry. being treated with 1% diazinon as an aerosol for cracks and
crevices, had 0.05 ppm as the maximum level of residue (Jackson
b. Food: and Wright, 1975). This level is below the food tolerance levels

The Food and Drug Administration (FDA) conducts studies tofor agricultural crops (see Section I11.D. of this document). Sliced
determine the level of different pesticide residues that remain ifpotatoes and television dinners that were placed in rooms 4.5 hours
a typical meal or menu items, called “Total Diet Studies.” Total after treatment with diazinon for 30 minutes did not show
Diet Studies conducted in 1978-1982 have estimated that 11% ¢fetectable levels of residues.
US adults are exposed to diazinon through food, but at levels ]
below the acceptable total dietary intakes that have beerfhe general population may be exposed to small amounts of
established by international agencies (Yess et al., 1991). Residazinon intermittently through the food supply. While the residue
data from Total Diet Studies conducted by the FDA were correlated¢evels found were below the tolerance levels set for diazinon, OP
with food consumption data collected in two large epidemiologicalare undergoing a risk assessment review by EPA, under the 1996
studies to estimate the total daily dietary exposure of US adult§00d Quality Protection Act. The new stringent risk criteria under
to diazinon (Maclintosh et al., 1996). Researchers estimated th#tis act will consider the total exposure to diazinon from different
adults in the US receive O/day diazinon through their diet. non-occupational sources, such as air, food, water, home and
Diazinon exposures in this study correlated with the consumptiogarden use (EPA, 1999).
of wheat-based products such as English muffins and pasta. In
contrast, no residues above tolerance levels were reported in wheatSoil:
and wheat products in FDA's Residue Monitoring Reports fromA study of diazinon’s degradation in agricultural soils has reported
1997 and 1996 surveys (FDA, 1998a; FDA, 1998b). Diazinona half life of five days at 2@, with soil moisture of 60%. The
was not detectable (< 0.01 ppm) in grain dust samples from graihalf-life of diazinon was eight days if the soil moisture was 30%,
elevators in New Orleans (Palmgren and Lee, 1984). and 118 days in sterile sail, indicating that most of the degradation
was microbial (Seyfried, 1994, as cited in WHO, 1998). Diazinon
The NOPES study described earlier compared the levels of nordegrades in soil and water through hydrolysis, photolysis and
occupational exposures from air and diet in two differentbiodegradation (ATSDR, 1996). Diazinon’s degradation in soil is
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affected by pH, soil type, organic content, soil moisture and itsurban watersheds of eastern NYS for at least three years. Another
concentration (WHO, 1998). The ideal conditions for the survey was done on surface water samples at three different sites
degradation of diazinon were found to be when it was present ahat drain into the Mohawk River. One site was mostly agricultural
low concentrations, in moist soils with a low pH (WHO, 1998). (Canajoharie Creek), one was urban (Lisha Kill at Niskayuna)
The major break down product of diazinon through photolysisand the third was a combination of forested agricultural and urban
and hydrolysis is 2-isopropyl-6-methyl-4-hydroxypyrimidine watershed (Mohawk River at Cohoes). Water samples from Lisha
(ATSDR, 1996). Kill in this survey had 0.5pg/L diazinon, approaching close to

the lifetime HA level set for adults and children (QgL) (Wall
Greenhouse soil that was treated with 15 Ibs / acre diazinon waend Phillips, 1997). In surface water samples collected from 46
found to have insecticidal activity for 19 weeks after being different sites (streams and rivers) along the Hudson River Basin
sprayed, compared to only 14 weeks in the field (Ahmed andetween May and August, 1994, diazinon was the most frequently
Morrison, 1972). In another field study, diazinon was found to bedetected pesticide in the urban watersheds (at 6/10 urban sites)
effective in protecting turfgrass from root-feeding insects for 14(USGS, 1997).
days after application (Sears and Chapman, 1979).

Similar USGS surveys in California have tracked the movement
Widespread spraying of diazinon in open areas was observed tf diazinon residues in watersheds that drain into the Pacific Ocean
lead to avian toxicity. Diazinon used in sheds that housed duckisays. Following rainfall, diazinon pulses were detected to move
was observed to be toxic to young ducklings in an early studyrom the Sacramento River into the San Francisco Bay (Kuivila,
done in 1957 (WHO, 1998). Diazinon applications at the label1l993). A survey of pesticide fluxes was conducted on water
rates (1 kg/hectare) to turfgrass in golf courses, condominiunsamples from nine different sites along the Mississippi River basin
lawns and fairways, were found to cause deaths in Canadian geeand its major tributaries (Larson et al., 1995). The total flux of
in a study conducted in Ontario, Canada (Frank et al., 1991). Itdiazinon observed in water samples from the White River basin
use on golf courses and sod farms was canceled in 1986 in the W8presented 20% of its agricultural use. This abnormally high flux
after similar reports on its avian toxicity in field studies (USEPA, suggests that a significant non-agricultural or unaccounted use

1996a; WHO, 1998). may have been occurring. Also, the peak concentrations of
diazinon were observed in this region in late summer, while
d. Water: agricultural applications usually lead to fluxes earlier in the year.

Diazinon does not persist in water for a long time. The half-life The three sites at which diazinon was detected more frequently
of diazinon was estimated to be 70 hours in natural water by oneere near the highest population densities, further supporting that
study (Ferrando et al., 1992). The National Water-Qualitysubstantial urban use of this insecticide was contributing to the
Assessment Program surveys indicate that herbicides are detectédXxes.
in shallow groundwater much more frequently than insecticides
(Kolpin et al., 1998). However, diazinon is among the mostThese studies indicate that with increasing urban use, diazinon
frequently detected insecticides. In a nationwide survey of shallovhas become a common water contaminant in urban watersheds.
groundwater, diazinon levels at or above the water-quality criteridts agricultural use leads to smaller and more seasonal fluxes in
established for the protection of aquatic life (0.Q@@L), were shallow groundwaters around the regions where it is most used.
observed at 5/1,031 sites (Kolpin et al., 1998).

e. Surfaces:
In a nationwide surface water monitoring program, only 1.2% ofin a pilot study to assess the risk of exposure to children, handwipe
the samples collected between 1976-1980 had detectable leveiamples from toddlers from eleven homes in California were
of diazinon, with the maximum residue level of 2,88l (Carey  analyzed for different pesticides. Homes that served as residence
and Kutz, 1985). A survey of stream and river samples fromfor at least one farm-worker were compared to homes that did
Ontario, Canada, diazinon residues were detectable in all thgot have anyone employed on farms. Diazinon was found in the
samples collected, at levels at or below 0. 0§ (Miles, 1976).  dust of 4/5 farm-worker homes, at levels ranging from 1 to 169
The variable results from different surveys indicate that diazinorppm, and 3/6 homes with no farm-workers, at levels of 0.2 to 2.5
may be present in water transiently, or at specific sites. ppm (Bradman et al., 1997). Diazinon (total residue amount =

) 52, 125 and 220 ng) was detected in three handwipe samples, all
In a recent US Geological Survey (USGS) 64 samples of surfacgree from farm-worker homes.

water from streams and rivers throughout NYS were analyzed

for 47 different pesticides (Phillips et al., 1998). Diazinon wasDiazinon residues were detectable in the dust of four of seven
detected in 14% of the samples. Diazinon levels were found to bRouses (average = 740 ng/g) in New Jersey that were surveyed
highest in watersheds draining from urban / residential areas. NYor different insecticides (Roinestad et al., 1993). In one study,
water-quality criterion for aquatic life (0.Qiy/L) was exceeded surface residues were compared after spraying or fogging
at three sites. Two of these were in urban /residential watersheggplications of technical diazinon (1% oil solution prepared from
on Long Island and one was in orchard/vineyard watershed igliazinon and Ultrasene) (Wright and Jackson, 1974). Fogging
western NYS. A comparison of these results with an earlier surveyperations were found to cause relatively more diazinon residues
of the Hudson and Mohawk River Basin done in 1994 (Wall andthan spraying operations in surface samples collected within one
Phillips, 1997), indicates that diazinon has been present in thgay of application. Widely varying amounts of diazinon residues
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were recovered 0.2 days after spraying operations on collectioim animals, some studies have evaluated diazinon residues in the
plates placed on the kitchen counter and cabinets. However, themilk of treated cattle. Milk from three of five dairy cows dusted
were no detectable residues (< 08P of diazinon on plates with 2% diazinon had detectable levels of residues (0.048 to 0.516
placed four days after either fogging or spraying operationsppm) at 12 hours after treatment (Bourne and Arthur, 1967). Low
indicating rapid dissipation. In another study, surfacelevels (0.01% of the dose) of unchanged diazinon were detected
contamination levels were found to remain high (peak residuen the six to 24 hour samples of milk from a lactating cow fed a
concentration = 38 ng/cin48 hours after application of 1% capsule containing 20 mg/kg of the radioactively labeled
diazinon spray in offices (Currie et al., 1990). While the levelsinsecticide (Robbins et al., 1957). In a study in Australia, cattle
were not considered high enough to cause significant dermakere fitted with ear tags (20% active ingredient diazinon) to
exposure to the office occupants, it may be prudent for occupanggrotect them against buffalo flies. Dairy or butter fat was found
to remove personal belongings such as coffee cups before diazindo carry 0.01 mg/kg diazinon 58 days after treatment. The

pest-control applications. maximum residue level in milk fat was found seven days after
tagging, at 0.04 mg/kg (Spradbery and Tozer, 1996). The diazinon
Summary: levels in the fatty tissue of cattle were comparable to the levels

The major routes of exposure for the general population aréletected in butterfat, indicating very little tissue accumulation.
expected to be through the diet and air residues in treated homes ) ) o )

and facilities. While diazinon has been restricted for widespreadiowever, in other studies, diazinon fed to lactating cows at 500
use in golf courses and sod farms, it is not restricted for use ippm of dry matter in silage, or at 2.5 mg/kg did not cause
home lawns and gardens (USEPA, 1996a). An increased presengétectable residues to be excreted in the milk (Derbyshire and
of diazinon residues in urban watersheds (USGS, 1997) indicatedurphy, 1962; Lloyd and Matthysse, 1971). Lactating goats
the need to evaluate and restrict these sources of wateaxposed to a single dose of 150 mg/kg or 700 mg/kg did not have

contamination. detectable levels of DETP in the milk (Mount, 1984). These studies
indicate that milk is not a major route for excretion of diazinon,
3. Storage and Excretion of Diazinon in Mammals: although low levels of this insecticide may contaminate milk of

a. Storage and Tissue Distribution: lactating animals that are treated with diazinon.

Diazinon is rapidly metabolized and excreted, without significant . . . . ]

tissue accumulation in most mammalian species. Since urine i& Metabolism and Excretion of Diazinon in Mammals:

the major route of exposure, the kidneys are expected to be tHfaPsorption through the gastrointestinal tract, metabolism and
clearance site for diazinon. Acute renal failure has been observeRicretion of diazinon has been observed to be rapid in most
in association with a case of diazinon poisoning (Abend et al.mammals, but the yields and rates at which different metabolites

1994). Animal studies have observed kidneys to have the highesf€ Produced may vary in different species (WHO, 1998). Most
accumulation of diazinon following i.p. treatment (Tomokuni et of the excretion of diazinon metabolites has been observed to be
al., 1985). An autopsy study of a case of fatal diazinon poisoninghrough the urine. Absorption and transplacental transfer of
revealed traces of diazinon in the blood and 5.1 mg/kg diazinofliazinon has been observed in rats (Hoberman et al., 1979).

in the omental tissue (tissue from folds of the stomach and - L : . :
abdominal cavity), but no detectable residues in the liver® human case report indicates that diazinon applied against pubic
(Kirkbride, 1987). The amount or route of diazinon exposure couldiCe was rapidly absorbed percutaneously, leading to acute toxicity
not be determined in this case. Another autopsy study of a fatff the nervous and respiratory systems (Halle and Sloas, 1987).

poisoning case has reported the highest concentrations of diazindd'e patient was symptom free by the sixth day, indicating rapid
in the brain (Heyndrickx et al., 1974). clearance. DEP and DETP have been the major metabolites found

in the urine of diazinon-exposed humans (Hayes et al., 1980;

Cattle that were sprayed with 0.1% diazinon, once a week, haRichter et al., 1992). More than half t_h_e radioa_ctive diazinon (10
2.3 ppm diazinon in the fat tissue on the day after the 16th sprayin%g /g of whole blood) that was administered i.p. to two female
but the levels reduced to < 0.05 ppm in 14 days. Animals spraye eagle dogs was recovered as metabolites in the urine within 24
with 0.05 % diazinon had 0.83 ppm as the highest detectable levBours (lverson et al., 1975). DEP and DETP have been found as
of diazinon on the day after the 16th spraying (Claborn et al.end products in the urine of diazinon-treated dogs and cows (FAO/
1963). WHO, 1993).

A study of the coefficient of tissue distribution of diazinon in Animal studies indicate that the major steps in the metabolic
orally treated Wistar rats (concentration in tissues / concentratioRathway include the hydrolytic and oxidative cleavage of the ester
in blood) observed relatively higher concentrations of diazinonfond leading to the formation of pyrimidinyl derivatives (WHO,
in the blood than the adipose and surrounding tissues, indicating?98). In rats, the major metabolites were 3 pyrimidinals,
low tissue absorption and retention (Garcia-Repetto et al., 1995% -isopropyl-6-methyl-4(1H)-pyrimidinone,
These studies provide evidence for low tissue accumulation of-(&lpha-hydroxyisopropyl)-6-methyl-4(1H)-pyrimidinone and its

diazinon. beta isomer (FAO/WHO, 1993). Diazoxon, a toxic but transient
intermediate was found in trace amounts in the urine. The chemical
b. Diazinon and Lactation: structures of some of the polar metabolites have not yet been

While urine is known to be the major route for diazinon excretion'dent'ﬂed' In a study of male Wistar rats and ddy mice injected
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with 20 or 100 mg/kg diazinon, peak blood concentrations weré/l1ll. Identification of Research Gaps, and Other
observed one to two hours after treatment (700 ng/ml and 80 ngecommendations

ml, respectively), followed by a rapid decrease within 24 hours

to 50 ng/ml. No oxidative metabolites were detected in the blood, Diazinon has been used widely in agricultural and non-

The accumulation was highest in the kidneys (Tomokuni et al.qricyitural settings. However, no studies were found on breast
1985). cancer incidence rates in women with past exposure to diazinon.
Since there is currently no evidence to suggest that diazinon may
increase breast cancer risk, we have not recommended an
epidemiological study of breast cancer rates in exposed
%opulations. However, animals that were treated with sprays or
ps containing diazinon, or have worn flea collars over a long
time should be followed for incidences of cancer of the lymphoid
tissue and other cancers.
» Case reports of diazinon poisonings and studies in rats indicate

In vitro studies on biotransformation of diazinon by liver
microsomes of various species have identified hydroxydiazinon
isohydroxydiazinon, dehydroxydiazinon, their oxons and
diazoxon as transient intermediates. The yield of these metabolit
varied between different species (FAO/WHO, 1993).

VII. Summary and Recommendations for

Classification that mammalian pancreas may be a target organ for diazinon’s
toxicity. Further animal studies are needed on diazinon’s effects
A. Breast Cancer Risk: on mammalian pancreas.

We propose that diazinon be classified in Groum8¢lassifiable ¢ Diazinon’s effect on hepatic corticosterone hydroxylases and
as to its breast carcinogenicity in humajpdease see Appendix Wwhether it leads to endocrine disruption needs further study.

B for an explanation of the BCERF Breast Cancer Risk® Populations that have been exposed to diazinon should be
Classification Scheme). This is based on the following: monitored for their immune responsiveness.

« Human studies: There have been no published studies on bredsf. Summary of New Human Studies Currently
cancer incidences in women who may have been exposed 8Being Conducted
diazinon in the past.

) ) . L Studies of Occupational Cancer—Pesticides.

* Animal studies: No increase in incidence of mammary glandajavanja, M., Blair, A., Zahm, S., NCI (extracted from the

neoplasms was reported in diazinon fed mice or rats (Kirchner et gncerNet at NCI and Personal Communication)

al., 1991; NCI, 1979). The “Agricultural Health Study” is evaluating the relationship
between exposures to agricultural chemicals, including pesticides,

 Related mechanisms: There is little evidence on diazinon'sand cancer risk. Enroliment in this study includes 90,000 men

potential to affect breast cancer risk through other mechanismsind women farmers, pesticide applicators and farmer’s wives from

Diazinon was not estrogenic in animal studiemaitro (Barnes,  lowa and North Carolina. Besides conducting interviews to

1988; Cockrell et al., 1966; Giknis, 1989; Rudzki et al., 1991;determine pesticide use, it will also seek information on lifestyle

Soto et al., 1995). Diazinon was not found to be genotoxic infactors, medical and family history of disease and diet.

most systems in which it was tested. Diazinon was found to cause

pulmonary tumor promotion in female mice (Maronpot et al., Strategy to Identify Non-Additive Response to Chemicals.

1986). It did not promote GST-P positive foci in rats (Kato et al.,Vogel, J.S., University of California, Livermore (extracted

1995). Diazinon induced the cell proliferation rates of intestinalfrom the CRISP Database).

cells (Greenman et al., 1997), but not of human breast cancevice will be exposed to different multiple combinations of OP at

epithelial, MCF-7 cells (Soto et al., 1995). Diazinon was foundenvironmentally realistic doses to evaluate if there is a non-

to disturb the developing immune system in mice in one studyadditive effect to multiple chemicals of this class at low doses.

(Barnett et al., 1980). Further studies are needed to determine

whether diazinon impairs the immune system’s ability to fight Occupational Injury in Hispanic Farmworker Families.

cancer. McCurdy, S.A., University of California, Davis (extracted
from the CRISP Database).

While the evidence above does not show that diazinon increasegigrant and seasonal workers in California will be evaluated for

breast cancer risk, it should be noted that this conclusion is basestcupational injury in association with OP exposure, piece-work

on the limited scientific evidence that is currently available. Thereversus hourly pay, language appropriate safety training, and the

is evidence of non-cancer related clinical effects (neurotoxicityrole of multiple employment. The cohort is expected to consist of

and pancreatitis) from diazinon exposure (WHO, 1998). We500 farmworker families who live in six Migrant Housing Centers

recommend that diazinon be used with caution, following all theclose to Davis, California.

recommended label guidelines to reduce unnecessary exposure.
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Exposure to Diazinon and Other OP among mixer / loader /
applicators applying dormant oil / OP Sprays to Almond
Orchards.

R. I. Krieger, University of California, Riverside (extracted

from a meeting abstract)

Urine analysis will be used to survey the exposure of OP mixers,
loaders and applicators to diazinon and other OP, to measure the
extent of absorption and the protection offered by different
clothings. Worker exposure will be surveyed in different indoor
and outdoor settings in which diazinon is typically used.

Role of Diazinon in Gulf War Ilinesses.

A Presidential Committee on Gulf War Veteran’s llinesses
(extracted from the web site http://www.gwvi.gov/ch4.html)
Diazinon is one of the OP documented as being shipped for use
during the Gulf War. A Presidential Committee on Gulf War
Veteran's lllnesses has reported on several risk factors in veterans
of this war, including exposure to OPs including diazinon. This
committee was terminated in November, 1997. However, the
Center for Disease Control and Prevention (CDC), the National
Institutes of Health (NIH) and the Agency for Toxic Substances
and Disease Registry (ATSDR) have co-sponsored a conference
with the aim of developing a research plan to investigate any
relationship between chemical exposures and illnesses among Gulf
War veterans (Dr. T.D. Spittler, Personal Communication).

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



X. Bibliography Bradman, M. A., Harnly, M. E., Draper, W., Seidel, S., Teran, S.,

Wakeham, D., and Neutra, R. (1997). Pesticide exposures to
Abend, Y., Goland, S., Evron, E., Sthoeger, Z. M., and Geltnerchildren from California’s Central Valley: results of a pilot study.
D. (1994). Acute renal failure complicating organophosphateJournal of Exposure Analysis and Environmental Epidemiology
intoxication. Renal Failur&6, 415-417. 7, 217-234.

Adlakha, A., Philip, P. J., and Dhar, K. L. (1988). Brown, L. M., Blair, A., Gibson, R., Everett, G. D., Cantor, K. P.,
Organophosphorus and carbamate poisoning in PunjabSchumann, L. M., Burmeister, L. F., Van Lier, S. F., and Dick, F.
Association of Physicians of Ind&6, 210-212. (1990). Pesticide exposures and other agricultural risk factors for
leukemia among men in lowa and Minnesota. Cancer Research
Ahmed, N., and Morrison, F. O. (1972). Longevity of residues of50, 6585-6591.
four organophosphate insecticides in soil. Phytoprote68pnl-
Cantor, K. P, Blair, A., Everett, G., Gibson, R., Burmeister, L. F.,
Brown, L. M., Schumann, L., and Dick, F. R. (1992). Pesticides
Anthony, J., Banister, E., and Oloffs, P. C. (1986). Effect ofand other agricultural risk factors for non-Hodgkin's lymphoma
sublethal levels of diazinon: histopathology of liver. Bulletin of among men in lowa and Minnesota. Cancer Reseich447-
Environmental Contamination and Toxicologjy, 501-507. 2455.

Aspelin, A. L. (1997). Pesticides Industry Sales and Usage, 733€arey, A. E., and Kutz, F. W. (1985). Trends in ambient
R-97-002, USEPA, ed. (Washington, D.C.: Biological and concentrations of agrochemicals in humans and the environment
Economic Analysis Division, Office of Pesticide Programs, Office of the United States. Environmental Monitoring and Assessment
of Prevention, Pesticides and Toxic Substances, US Environments| 155-163.
Protection Agency).
Claborn, H. V., Mann, H. D., Younger, R. L., and Radeleff, R. D.
ATSDR. (1996). Toxicological Profile for Diazinon, NTIS PB97- (1963). Diazinon residues in the fat of sprayed cattle. Journal of
121107 (Research Triangle Institute, North Carolina: Agency ofEconomic Entomolog$6, 858-859.
Toxic Substances and Disease Registry, US Department of
Commerce). Cockrell, K. O., Woodard, M. W., and Woodard, G. (1966).
Diazinon 50W safety evaluation by repeated oral administration
Balani, S. G., Fernandes, S. O., Lakhani, R. H., and Juthani, V. 3o monkeys for 100 weeks. Final report. (unpublished study done
(1968). Diazinon poisoning. Association of Physicians of Indiafor Geigy Agricultural Chemicals dated June 1, 1966) Woodard
16, 911-917. Research Corporation, pp. 1-12.

Barnes, T. B. (1988). 90-day oral toxicity study in dogs Cranmer, J. S., and Avery, D. (1978). Postnatal endocrine
(unpublished study done for Ciba-Geigy Corporation dated Augustlysfunction resulting from prenatal exposure to carbofuran,
4, 1988), J. R. Hazelette and A. T. Arthur, eds. (Ciba-Geigydiazinon or chlordane. Journal of Environmental Pathology and
Corporation, Summit, NJ, pp. 8-47,300-320, 471-474. Toxicology 2, 357-369.

Barnett, J. B., Spyker, J. M., Avery, D. L., and Hoberman, A. M. Currie, K. L., McDonald, E. C., Chung, L. T. K., and Higgs, A. R.
(1980). Immunocompetence over the lifespan of mice exgnsed (1990). Concentrations of diazinon, chlorpyrifos, and bendiocarb
utero to carbofuran or diazinon: |. changes in serum after application in offices. American Industrial Hygiene
immunoglobulin concentrations. Journal of Environmental Association Journdl, 23-27.
Pathology and Toxicolog¥, 53-63.

Dabbert, C. B., Sheffield, S. R., and Lochmiller, R. L. (1996).
Bianchi-Santamaria, A., Gobbi, M., Cembran, M., and Arnaboldi, Northern bobwhite egg hatchability and chick immunocompetence
A. (1997). Human lymphocyte micronucleus genotoxicity testfollowing a field application of diazinon. Bulletin of
with mixtures of phytochemicals in environmental concentrations.Environmental Contamination and Toxicolog§, 612-616.
Mutation ResearcB88, 27-32.

Davis, J. R., Brownson, R. C., Garcia, R., Bentz, B. J., and Turner,
Blair, A., Cantor, K. P., and Zahm, S. H. (1998). Non-Hodgkin’s A. (1993). Family pesticide use and childhood brain cancer.
lymphoma and agricultural use of the insecticide lindane.Archives of Environmental Contamination and Toxicoldfly

American Journal of Industrial Medicirs3, 82-87. pp. 87-92.

Bourne, J. R., and Arthur, B. W. (1967). Diazinon residues in theDe Ferrari, M., Artuso, M., Bonassi, S., Bonatti, S., Cavalieri, Z.,
milk of dairy cows. Journal of Economic Entomolog, 402- Pescatore, D., Marchini, E., Pisano, V., and Abbondandolo, A.
405. (1991). Cytogenetic biomonitoring of an Italian population

exposed to pesticides: chromosome aberration and sister-
chromatid exchange analysis in peripheral blood lymphocytes.
Mutation ResearcB60, 105-113.

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State 15



Derbyshire, J. C., and Murphy, R. T. (1962). Diazinon residues irGarrett, N. E., Stack, H. F., and Waters, M. D. (1986). Evaluation
treated silage and milk of cows fed powdered diazinon.of genetic activity profiles for sixty-five pesticides. Mutation
Agricultural and Food Chemisti}0, 384-386. Researcii68 301-325.

Dikshith, T. S. S., Behari, J. R., Datta, K. K., and Mathur, A. K. Gianessi, L. P., and Anderson, J. E. (1995b). Pesticide Use in
(1975). Effect of diazinon in male rats. Histopathological andNew York Crop Production (Washington, D.C.: National Center
biochemical studies. Environmental Physiology and Biochemistryfor Food and Agricultural Policy).
5, 293-299.
Gianessi, L. P., and Anderson, J. E. (1995a). Pesticide Use in US
Donovan, M. P., Schein, L., and Thomas, J. A. (1978). Effects ofCrop Production (Washington, D.C.: National Center for Food
pesticides on metabolism of steroid hormone by rodent liverand Agricultural Policy).
microsomes. Journal of Environmental Pathology and Toxicology
2, 447-454. Giknis, M. L. A. (1989). A two generation reproductive study in
albino rats (unpublished study done for Ciba-Geigy Corporation
Dutta, H. M., Qadri, N., Ojha, J., Singh, N. K., Adhikari, S., Datta dated February 9, 1989), D. M. Raab, M. A. Youreneff and E. T.
Munshi, J. S., and Roy, P. K. (1997). Effect of diazinon onYau, eds. (Ciba-Geigy Corporation, Summit, NJ), pp. 19-119.
marcophages of Bluegill Sunfishepomis macrochirus a
cytochemical evaluation. Bulletin of Environmental Goldman, L. R. (1995). Case studies of environmental risks to
Contamination and Toxicology8, 135-141. children. The Future of Childres) 27-33.

EPA. (1998). Drinking water contaminant list (url: http:// Greenman, S. B., Rutten, M. J., Fowler, W. M., Scheffler, L.,

www.epa.gov/ogwdw/ccl/cclfs.html). Shortridge, L. A., Brown, B., Sheppard, B. C., Deveney, K. E.,
Deveney, C. W., and Trunkey, D. D. (1997). Herbicide/pesticide

EPA. (1999). EPA seeks public comment on preliminary riskeffects on intestinal epithelial growth. Environmental Research

assessments for 12 organophosphates (url: http://www.epa.govh, 85-93.

pesticides/op/).
Gupta, O. P., and Patel, D. D. (1968). Diazinon poisoning.

FAO/WHO. (1993). Pesticides Residues in Food -1993Association of Physicians of Indisb, 457-463.

(Diazinon). In Joint FAO / WHO meeting on pesticide residues,

pp. 57-81. Halle, A., and Sloas, D. (1987). Percutaneous organophosphate
poisoning. Southern Medical Jouri@gd, 1179-1181.

FDA. (1998a). Food and Drug Administration Pesticide Program,

Residue Monitoring 1996 (http://vm.cfsan.fda.gov/~dms/ Hata, S., Bernstein, E., and Davis, L. E. (1986). Atypical ocular

pest96rep.html: Food and Drug Administration). bobbing in acute organophosphate poisoning. Archives of
Neurology43, 185-186.

FDA. (1998b). Food and Drug Administration Pesticide Program,

Residue Monitoring 1997 (http://vm.cfsan.fda.gov/~dms/ Hayes, A. L., Wise, R. A., and Weir, F. W. (1980). Assessment of

pest97rep.html: Food and Drug Administration). occupational exposure to organophosphates in pest control
operators. American Industrial Hygiene Association Jouttal

Ferrando, M. D., Alarcon, V., Fernandez-Casalderrey, A., Gamonpp. 568-575.

M., and Andreu-Moliner, E. (1992). Persistance of some pesticides

in the aquatic environment. Bulletin of Environmental Heyndrickx, A., Van Hoof, F., De Wolf, D., and Van Petegem, C.

Contamination and Toxicolog§8, 747-755. (1974). Fatal diazinon poisoning in man. Journal of Forensic
Science Societ$4, 131-133.

Frank, R., Braun, H. E., and Ripley, B. D. (1989). Monitoring

Ontario-grown apples for pest control chemicals used in theiHinkle, D. K., Suggs, J. E., and Jackson, M. D. (1980).

production, 1978-86. Food Additives and Contamin&n@27- Environmental and biological effects following application of

234, diazinon impregnated strips within a laboratory animal room.
Laboratory Animal Sciencg0, 981-983.

Frank, R., Mineau, P., Braun, H. E., Barker, |. K., Kennedy, S.

W., and Trudeau, S. (1991). Deaths of Canada geese followingloberman, A. M., Cramer, J. S., Avery, D. L., and Cranmer, M. F.

spraying of turf with diazinon. Bulletin of Environmental (1979). Transplacental inhibition of esterases in fetal brain

Contamination and Toxicolog§6, 852-858. following exposure to the organophosphate diazinon. Teratology
19, 30A-31A.

Garcia-Repetto, R., Martinez, D., and Repetto, M. (1995).

Coefficient of distribution of some organophosphorous pesticidedverson, F., Grant, D. L., and Lacroix, J. (1975). Diazinon

in rat tissue. Veterinary and Human Toxicol @y 226-229. metabolism in the dog. Bulletin of Environmental Contamination
and Toxicologyl3, 611-618.

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



Jackson, M. D., and Lewis, R. G. (1981). Insecticide Kuroda, K., Yamaguchi, Y., and Endo, G. (1992). Mitotic toxicity,
concentrations in air after application of pest control strips.sister chromatid exchange, and rec assay of pesticides. Archives
Bulletin of Environmental Contamination and Toxicol@jy122-  of Environmental Contamination and Toxicolog§, 13-18.

125 Kurt, T. (1988). Persistent symptoms of cholinesterase inhibiting
Jackson, M. D., and Wright, C. G. (1975). Diazinon and pesticide toxicity (diazinon) [letter]. Veterinary and Human
chlorpyrifos residues in food after insecticidal treatment in rooms.Toxicology 30, 268.

Bulletin of Environmental Contamination and Toxicoldgy593-
595, Larson, S. J., Capel, P. D., Goolsby, D. A., Zaugg, S. D., and

Sandstrom, M. W. (1995). Relations between pesticide use and
Jeong, T. C., Jordan, S. D., Matulka, R. A., Stanulis, E. D.fiverine flux in the Mississippi River basin. Chemosphgte
Kaminski, E. J., and Holsapple, M. P. (1994). Role of metabolism3305-3321.
by esterase and cytochrome P-450 in cocain-induced suppression )
of the antibody response. The Journal of Pharmacology andieidy, R. B., Wright, C. G., and Dupree, H. E. J. (1982).
Experimental Therapeuti®’2, 407-416. Concentration and movement of diazinon in air. Journal of
Environmental Science and HeaBth7, 311-319.
Karlsen, R. U., Sterri, S., Lyngaas, S., and Fonnum, F. (1981).
Reference values for erythrocyte acetylcholinesterase and plasm&wis, R. G., Fortmann, R. C., and Camann, D. E. (1994).
cholinesterase activities in children, implication for Evaluation of methods for monitoring the potential exposure of
organophosphate intoxication. Scandinavian Journal of Clinicasmall children to pesticides in the residential environment.
and Laboratory Investigatiofil, 301-302. Archives of Environmental Contamination and Toxicoldfy
37-46.
Kato, T., Ogiso, T., Kato, K., Sano, M., Hasegawa, R., Shirai, T, ) ]
and Ito, N. (1995). Lack of promoting activity of four pesticides Lloyd, J. E., and Matthysse, J. G. (1971). Residues of dichlorvos,
on induction of preneoplastic liver cell foci in rats. Teratogenesisdiazinon, and dimetilan in milk of cows fed PVC-insecticide feed
Carcinogenesis, and Mutagenekss 251-257. additives. Journal of Economic Entomology; 821-822.

Kiraly, J., Szentesi, I., Ruzicska, M., and Czeize, A. (1979).Lopez, D, Aleixandre, C., Mercahn, M., and Carrascal, E. (1986).
Chromosome studies in workers producing organophosphat vitro induction of alterations in peripheral blood lymphocytes

insecticides. Archives of Environmental Contamination andby different doses of diazinon. Bulletin of Environmental

Toxicology 8, 309-319. Contamination and Toxicolods7, 517-522.

Kirchner, F. R., McCormick, G. C., and Arthur, A. T. (1991). One/ Lopez, D. E., and Carrascal, E. (1987). Sensitivity of human
two-year oral toxicity study in rats (unpublished study done forlymphocyte Chromos_ome to dlfiZlnon at different times during
Ciba-Geigy Corporation dated June 14, 1991). (Ciba-Geigycell structure. Bulletin of Environmental Contamination and
Corporation, Summit, NJ), pp. 1-42. Toxicology 38, 125-130.

Kirkbride, K. P. (1987). An estimation of diazinon in omental Macintosh, D. L., Spengler, J. D., Ozkaynak, H., Tsai, L., and

tissue. Journal of Analytical Toxicolodyl, 6-7. Barry Ryan, P. (1996). Dietary exposures to selected metals and
pesticides. Environmental Health Perspectii@4 202-209.

Klemmer, H. W., Reichert, E. R., and Yauger, W. L. J. (1978). ) o

Five cases of intentional ingestion of 25 percent diazinon withtMaddy, K. T., and Edmiston, S. (1988). Selected incidents of

treatment and recovery. Clinical Toxicolo§jg, 435-444. illnesses and injuries related to exposure to pesticides reported
by physicians in California in 1986. Veterinary and Human

Kolpin, D. W., Barbash, J. E., and Gillion, R. J. (1998). Occurrenceloxicology 30, 246-254.

of pesticides in shallow groundwater of the United States: Initial . ]

results from the National Water-Quality Assessment ProgramMaizlish, N., Schenker, M., Weisskopf, C., Seiber, J., and Samuels,

Environmental Science and Technol®f/ 558-566. S. (1987). A behavioral evaluation of pest control workers with
short-term, low-level exposure to the organophosphate diazinon.

Kuivila, K. M. (1993). Diazinon concentrations in the SacrementoAmerican Journal of Industrial Medicirie, 153-172.

and San Joaquin Rivers and San Francisco Bay, California, January o ] ) .

1993 (http://sfbay.wr.usgs.gov/access/kk_fact.html: U. S.Maronpot, R. R., Shimkin, M. B., Witschi, H. P., Smith, L. H.,

Geological Survey). and Cline, J. M. (1986). Strain A mouse pulmonary tumor test
results for chemicals previously tested in the National Cancer

Kump, D. F., Matulka, R. A., Burton, G. F., Jordan, S. D., andInstitute carcinogencity tests. Journal of National Cancer Institute

Holsapple, M. P. (1996). Alterations in splenocyte and thymocyte/6, 1101-1112.

subpopulations in B6C3F1 mice exposed to cocaine plus diazinon.

Journal of Pharmacological and Experimental Therape2fi¢s

1477-1485.

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State 17



Marshall, T. D., Dorough, H. W., and Swim, H. E. (1976). Patridge, M. S., Smith, W. G., and Rutz, D. A. (1991). Pest and

Screening of pesticides for mutagenic potential uSalghonella  Pesticide Use Assessment For Dairy Cattle and Cabbage

typhimurimmutants. Journal of Agricultural and Food Chemistry Production Systems in New York State for 1991 (Summary

24, 560-563. Report), NAPIAP, ed. (Pesticide Management Education Program,
Cornell University, Ithaca, NY), pp. 65.

Matsuoka, A., Hayashi, M., and Ishidate, M. J. (1979).

Chromosomal aberration tests on 29 chemicals combined witlPhillips, P. J., Wall, G. R., Eckhardt, D. A., Freehafer, D. A., and

S9 mix in vitro. Mutation Researd®, 277-290. Rosenmann, L. (1998). Pesticide Concentrations in Surface Waters
of New York State in Relation to Land Use-1997, USGS Water

McGregor, D. B., Brown, A., Cattanach, P., Edwards, |., McBride,Resources Investigation Report 98-4101 (http:ny.usgs.gov/

D., Riach, C., and Caspary, W. J. (1988). Responses of the L5178)rojects/nypesticides/reports/WRIR4101.html: US Geological

tk+/tk- mouse lymphoma cell forward mutation assay: Ill. 72 Survey), pp. 1-5.
coded chemicals. Environmental and Molecular Mutagei@sis
85-154. Poklis, A. (1980). A fatal diazinon poisoning. Forensic Science

Internationall5, 135-140.
Meister, R. T. (1998). Pesticide Dictionary; Diazinon. In 1998
Farm Chemicals Handbook, R. T. Meister, ed. (Willoughby, OH:Rao, A. V. (1965). An unusual case of diazinon poisoning. Indian
Meister Publishing Company), pp. C 129. Journal of Medical Sciencd®, 768-779.

Miles, J. R. W. (1976). Insecticide residue on stream sedimentRayner, M. D., Popper, J. S., Carvalho, E. W., and Hurov, R.
in Ontario, Canada. Pesticides Monitoring Joufrfal87-91. (1972). Hyporeflexia in workers chronically exposed to
organophosphate insecticides. Research Communications in
Montgomery, J. H. (1993). Diazinon. In Agrochemicals Desk Chemical Pathology and Pharmacoleig95-603.
Reference (Boca Raton: Lewis Publishers), pp. 135-138.
Reichert, E. R., Yauger, W. L. J., Rashad, M. N., and Klemmer,
Morris, P. D., Koepsell, T. D., Daling, J. R., Taylor, J. W., Lyon, H. W. (1977). Diazinon poisoning in eight members of related
J. L., Swanson, G. M., Child, M., and S., W. N. (1986). Toxic households. Clinical Toxicologid, 5-11.
substance exposure and multiple myeloma: a case-control study.
Journal of National Cancer Institufé, 987-994. Richter, E. D., Kowalski, M., et al., (1992). lliness and excretion
of organophosphate metabolites four months after household pest
Mount, M. E. (1984). Diagnostic value of urinary dialkyl extermination. Archives of Environmental Headthy 135-138.
phosphate measurement in goats exposed to diazinon. American
Journal of Veterinary Researdb, 817-824. Robbins, W. E., Hopkins, T. L., and Eddy, G. W. (1957).
Metabolism and excretion of phosphorus-32_labeled diazinon in
Muldoon, S. R., and Hodgson, M. J. (1992). Risk factors fora cow. Agricultural and Food Chemisty509-513.
nonoccupational organophosphate pesticide poisoning. Journal of
Occupational Medicin84, 38-41. Roinestad, K. S., Louis, J. B., and Rosen, J. D. (1993).
Determination of pesticides in indoor air and dust. Journal of
Nagy, Z., Mile, I., and Antoni, F. (1975). The mutagenic effect of AOAC International76, 1121-1126.
pesticides orEscherichia coliWP2try-. Acta Microbiologica
Academiae Scientiarum Hungaric22 309-314. Rudzki, M. W., McCormick, G. C., and Arthur, A. T. (1991). 52-
week oral toxicity study in dogs (unpublished study done for Ciba-
NASS. (1995). 1995 Agricultural Chemical Usage: New York Geigy Corporation) (Ciba-Geigy Corporation, Summit, NJ), pp.
Agricultural Statistics Service, New York State Department of 19-33.
Agriculture and Markets, NASS.
Sears, M. K., and Chapman, R. A. (1979). Persistence and
NCI. (1979). Bioassay of diazinon for possible carcinogenicity, movement of four insecticides applied to turfgrass. Journal of
DHEW Publication No. (NIH) 79-1392 (Bethesda, MD: Dept. of Economic Entomology?2, 272-274.
Health, Education and Welfare).
See, R. H., Dunn, B. P,, and San, R. H. C. (1990). Clastogenic
Nishio, A., and Uyeki, E. M. (1981). Induction of sister chromatid activity in urine of workers occupationally exposed to pesticides.
exchanges in Chinese hamster ovary cells by organophosphaldutation ResearcB41, 251-259.
insecticides and their oxygen analogs. Journal of Toxicology and
Environmental Healtl3, 939-946. Seguchi, K., and Asaka, S. (1981). Intake and excretion of diazinon
in freshwater fishes. Bulletin of Environmental Contamination
Palmgren, M. S., and Lee, T. C. (1984). Malathion and diazinorand Toxicology27, 244-249.
levels in grain dust from New Orleans area grain elevators.
American Industrial Hygiene Association Joura8) 168-171.

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



Shankar, P. S. (1978). Diazinon poisoning. Quarterly MedicalUSEPA. (1998). Tolerances and Exemptions from Tolerances for

Review?29, 31-43. Pesticide Chemicals in or on Raw Agricultural Commodities, 40
CFR 180, Subpart A, B, and C. In Code of Federal Regulations,

Shelby, M. D., and Stasiewicz, S. (1984). Chemicals showing n@p. 273-434.

evidence of carcinogenicity in long-term, two-species rodent

studies: the need for short-term test data. EnvironmentalUSGS. (1997). Pesticides in surface waters of the Hudson River

Mutagenesi®, 871-878. Basin-Mohawk River Subbasin: United States Geological Survey).

Sheth, S. G., Nahe, S. C., S., H. A., Mehta, P. J., and Soneji, S. Menkat, J. A., Shami, S., Nayak, K. D., Plimmer, J. R., Pfeil, R,
(1995). Organophosphorous compound poisoning: prolonge@nd Nair, P. P. (1995). Relative genotoxic activities of pesticides
therapy in absence of intermediate neurotoxic syndrome. Journ@valuated by a modified SOS microplate assay. Environmental
of Association of Physicians of Indé, 59-60. and Molecular Mutagenesib, 67-76.

Shirasu, Y., Moriya, M., Kato, K., Furuhashi, A., and Kada, T. Vigfusson, N. V., Wse, E. R., Pernsteiner, C. A., and Dawson, R.
(1976). Mutagenicity screening of pesticides in the microbialJ. (1983)In vivoinduction of sister-chromatid exchangéJimbra
system. Mutation Researdfd, 19-30. limi by the insecticides endrin, chlordane, diazinon and guthion.
Mutation Researchl8 61-68.
Sobti, R. C., Krishan, A., and Pfaffenberger, C. D. (1982).
Cytokinetic and cytogenetic effects of some agricultural chemicaldVachs, T., Gutenmann, W. H., Buckley, E. H., and Lisk, D. J.
on human lymphoid cell® vitro: organophosphates. Mutation (1983). Concentration of diazinon in air of a retail garden store.
Researcii02 89-102. Bulletin of Environmental Contamination and Toxicol@&fy 582-
584.
Soliman, S. A., Sovocool, G. W., Curley, A., Ahmed, N. S., EI-
Fiki, S., and El-Sebae, A.-K. (1982). Two acute human poisoningVagner, S. L., and Orwick, D. L. (1994). Chronic organophosphate
cases resulting from exposure to diazinon transformation productsxposure associated with transient hypertonia in an infant.
in Egypt. Archives of Environmental Heald7, 207-212. Pediatric94, 94-97.

Soto, A. M., Sonnenschein, C., Chung, K. L., Fernandez, M. FWall, G. R., and Phillips, P. J. (1997). Pesticides in surface waters
Olea, N., and Serrano, F. O. (1995). The E-Screen Assay as atoml the Hudson River basin-Mohawk River subbasin (US
to identify estrogens: An update on estrogenic environmentalGeological Survey Fact Sheet no. F2-237-96).
pollutants. Environmental Health Perspecti®68 113-122.
Wall, G. R., Riva-Murrary, K., and Phillips, P. J. (1998). Water
Spradbery, J. P., and Tozer, R. S. (1996). The efficacy of diazino@uality in the Hudson River Basin, New York and Adjacent States,
impregnated ear tags against buffalo fly and resulting weight gain$992-95, USGS Circular no. 1165 (Denver, CO: US Geological
and diazinon residues in meat and milk. Australian VeterinarySurvey Information Services).
Journal73, 6-10.
Waters, M. D., Simmon, V. F., Mitchell, A. D., Jorgenson, T. A.,
Spyker, J. M., and Avery, D. L. (1977). Neurobehavioral effectsand Valencia, R. (1983). A phased approach to the evaluation of
of prenatal exposure to the organophosphate diazinon in mice&nvironmental chemicals. Im Vitro Toxicity Testing of
Journal of Toxicology and Environmental Hea®l989-1002. Environmental Agents, A. R. Kolber, T. K. Wong, L. D. Grant, R.
S. DeWoskin and T. J. Hughes, eds. (New York and London:
Tomokuni, K., Hasegawa, T., Hirai, Y., and Koga, N. (1985). ThePlenum Press), pp. 417-441.
tissue distribution of diazinon and the inhibiton of blood
cholinesterase activities in rats and mice receiving a singléVedin, G. P., Pennente, C., and Sachdev, S. S. (1984). Renal
intraperitoneal dose of diazinon. Toxicology, 91-98. involvement in organophosphate poisoning. Journal of American
Medical Associatior?52, 1408.
USDHHS. (1998). Report on Carcinogens, Eighth Edition
Summary, 1998, I. L. Systems, ed. (Rockville, MD: US Dept. of Weisskopf, C. P., Seiber, J. N., Maizlish, N., and Schenker, M.
Health and Human Services, and the National Toxicology(1988). Personnel exposure to diazinon in a supervised pest
Program). eradication program. Archives of Environmental Contamination
and Toxicologyl7, 201-212.
USEPA. (1996b). Drinking Water Regulations and Health
Advisories; Diazinon, EPA 822-B-96-002: Office of Water, US Whitmore, R. W., Immerman, F. W., Camann, D. E., Bond, A. E.,
Environmental Protection Agency), pp. 8. Lewis, R. G., and Schaum, J. L. (1994). Non-occupational
exposures to pesticides for residents of two US cities. Archives
USEPA. (1996a). Status of Chemicals in Special Reviewof Environmental Contamination and Toxicologfy, 47-59.
(Washington, DC: United States Environmental Protection
Agency, Office of Prevention, Pesticides and Toxic Substances).

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State 19



WHO. (1998). Environmental Health Criteria for Diazinon
(Geneva: World Health Organization).

Wild, D. (1975). Mutagenicity studies on organophosphorus
insecticides. Mutation Resear8h, 133-150.

Wong, P. K., Wai, C. C., and Liong, E. (1989). Comparative study
on mutagenicities of organophosphorus insecticid8alimonella
Chemospheré8, 2413-2422.

Woodruff, R. C., Phillips, J. P., and Irwin, D. (1983). Pesticide-
induced complete and partial chromosome loss in screens with
repair-defective females obrosophila melanogaster
Environmental Mutagenests 835-846.

Worthing, C. R. (1991). Diazinon. In The Pesticide Manual, C.
R. Worthing, ed. (Lavenham, Suffolk, Great Britain: The British
Crop Protection Council), pp. 243-244.

Wright, C. G., and Jackson, M. D. (1974). A comparison of
residues produced by spraying and fogging of diazinon in
buildings. Bulletin of Environmental Contamination and

Toxicology12, 177-181.

Wright, C. G., and Leidy, R. B. (1980). Air samples in vehicles
and buildings turn up only very low levels of organic phosphate
insecticides. Pest Control, 22-26, 68.

Wright, C. G., Leidy, R. B., and Dupree, H. E. J. (1982). Diazinon
and chlorpyrifos in the air of moving and stationary pest control
vehicles. Bulletin of Environmental Contamination and
Toxicology 28, 119-121.

Yess, N. J., Houston, M. G., and Gunderson, E. L. (1991). Food
and Drug Administration pesticide residue monitoring of foods:
1978-1982. Journal of the Association of Official Analytical
Chemistsr4, 265-272.

Yoder, J., Watson, M., and Benson, W. W. (1973). Lymphocyte
chromosome analysis of agricultural workers during extensive
occupational exposure to pesticides. Mutation Resedr3B35-
340.

Zahm, S., Weisenburger, D. D., Saal, R. C., Vaught, J. B., Babbitt,
P. A., and Blair, A. (1993). The role of agricultural pesticide use
in the development of non-Hodgkin’s lymphoma in women.
Archives of Environmental Heal#8, 353-358.

Zeiger, E. (1987). Carcinogenicity of mutagens: predictive

capacity of theSalmonellamutagenesis assay for rodent
carcinogenicity. Cancer Reseath 1287-1296.

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



XI. Appendix A. Common Abbreviations,

MCF-7

Acronyms and Symbols

ACGIH

ADI
Al
ATSDR

BCERF

CAS
CDC
CfE

CFN
CHO

Cl

cm

Co
CRISP

DEN
DMSO
DNA

EPA
E-SCREEN

FDA
GST-P
HA

IARC

ICET

MCS
American Conference of Governmental MCL
Industrial Hygienists
acceptable daily intake
active ingredient

Agency for Toxic Substances and Disease Mg

Registry mg
Program on Breast Cancer and EnvironmentalMTD
Risk Factors in New York State, based in n

Cornell’s Centerfor the Environment, Institute  NCI
for Comparative and Environmental Toxicology NHL
Chemical Abstract Service NIH

Center for Disease Control and Prevention =~ NOAEL
Cornell University's Center for the NOPES
Environment NTIS
Carworth Farms Nelson

Chinese hamster ovary NTP
confidence interval NY
chlorine NYS
centimeter OoP
company OR

Computer Retrieval of Information on Scientific ppb
Projects; database of scientific intra and ppm
extramural projects supported by the Dept. of SCE

Health and Human Services (i.e., NIH, EPA, TLV
USDA) TWA
diethylnitrosamine us
dimethyl sulphonate USDA
deoxyribonucleic acid USEPA
Environmental Protection Agency USGS

screening assay for estrogenicity that measure®/HO
proliferative response in estrogen-dependent
breast tumor cells

Food and Drug Administration

Glutathione S-transferase P
The health advisories are non-enforceable limits
of the concentration of the chemical in the a
drinking water that is not expected to cause anyB
adverse noncarcinogenic health effects when Y
consumed for no more than the time period  HQ
specified, with a margin of safety M
International Agency for Research on Cancer, ng
headquartered in Lyon, France

Institute for Comparative and Environmental
Toxicology

Immunoglobulin G

interperitoneal

kilogram
liter

pounds

meter

United Kingdom Ministry of Agriculture,
Fisheries and Food

Symbols:

@UI+T LV A

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

Michigan Cancer Foundation; cells derived
from human breast tumor

multiple chemical sensitivity

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

microgram

milligram

maximum tolerated dose

number of subjects/animals in the group
National Cancer Institute

non-Hodgkin’s lymphoma

National Institutes of Health

no observable adverse effect level
Non-Occupational Pesticide Exposure Study
National Technical Information Service;
repository for federal agency technical reports
National Toxicology Program

New York

New York State

organophosphate pesticide

Odds Ratio

parts per billion

parts per million

sister chromatid exchange
threshold limit value
time-weighted average

United States

United States Department of Agriculture
United States Environmental Protection Agency
United States Geological Survey

World Health Organization

alpha

beta

gamma
microgram
micromolar
nanogram
less than
greater than
percent

p value

plus or minus
equal to
registered trademark
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XII. Appendix B. Critical Evaluations of Breast Cancer Risk

This includes an overview of the Critical Evaluations and explanation of the BCERF Breast Cancer Risk Classification Scheme
The Process

Starting Point - Existing Critical Evaluations on Evidence of Carcinogenicity
IARC Monographs (International Agency for Research on Cancer)
NTP ARC (National Toxicology Program, Annual Report on Carcinogens)
ATSDR (Agency for Toxic Substances and Disease Registry)

Conduct Literature Searches using databases to obtain historical and the most recent information; i.e. Toxline, Medline, Biosis, Cancerlit
*  Peer-reviewed scientific literature-available through Cornell libraries and interlibrary loans.
e Technical Reports-NTIS-National Technical Information Service
» TOXNET databases—EPA’s IRIS database source of oncogenicity and regulatory status information
*  QGrey literature—Studies submitted to EPA that are not published:
-Industry generated oncogenicity studies
-Some abstracts (short summaries) are on line (IRIS database)
-Request reports from industry
-Request reports from EPA through Freedom of Information Act

The critical evaluation will include some general background information, including chemical name, CAS#, trade name, history of use,
and current regulatory status.

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

Human epidemiological studies, animal studies, and other relevant studies on possible mechanisms of carcinogenesis are critically
evaluated for evidence of exposure to agent and breast cancer risk based on “strength of evidence” approach, according to a modification
of IARC criteria as listed in the IARC Preamble. (See below for a more detailed explanation of the BCERF Breast Cancer Risk Classi-
fication scheme)

The emphasis of the document is the critical evaluation of the evidence for breast cancer carcinogenicity, classification of the agent’s
breast cancer risk, identification of research gaps, and recommendations for future studies. A section will also be devoted to brief
summaries of new research studies that are in progress. A bibliography with all cited literature is included in each critical evaluation.
Major international, federal 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

l. Chemical Information
. Common Name
. Chemical Name(s)
. Chemical Formula(s)
CAS # (Chemical Abstract Service Number)
. Chemical Structure
Trade Name(s)
. Trade Names of Mixtures
Major Metabolite(s)/Breakdown Products
II.  History of Use, Usage
A. History of Usage and Uses
B. Current Usage (when applicable)
lll.  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)
IV. 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)
V.  Critical Evaluation of the Scientific Evidence for Breast Cancer Risk
A. Human Studies
1. Case-Studies
2. Human Epidemiological Cohort Studies
3. Human Epidemiological Case-Control Studies

IGMMUO®m>

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

biomarkers
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.)

VI. Other Relevant Information

A. Specific for the pesticide; (i.e. may include information on environmental fate, potential for human exposure)

VII. Summary, Conclusions, Recommendation for Breast Cancer Risk Classification

VIII. Identification of Research Gaps, and Other Recommendations

IX. Brief Summaries of New Human Studies Currently Being Conducted
X.  Bibliography

XI. Appendix A. Common Abbreviations, Acronyms and Symbols

XIl.  Appendix B. Critical Evaluations of Breast Cancer Risk

Cornell University Program on Breast Cancer and Environmental Risk Factors in New York State
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BCERF Breast Cancer Risk Classification Schemdadapted from the IARC Preamble by S.M. Snedekeised 12/97, 10/98 smis

Group 1:Human breast carcinogen;sufficient evidencef carcinogenicity to humans is necess&uyfficient evidencés considered
to be evidence that@usalrelationship has been established between exposure to the agent and human breast cancer.

Group 2A: Probable breast cacinogen; this category generally includes agents for which thedg lanited evidenceof breast
carcinogenicity in humarendsufficient evidenceof mammary carcinogenicity in experimental animals. The classification may also
be used when there23 limited evidenceof breast carcinogenicity in humans and strong supporting evidence from other relevant data
or when there is 3ufficient evidenc®f mammary carcinogenicity in experimental animals and strong supporting evidence from other
relevant data.

Group 2B: Possible beast cacinogen;this category generally includes agents for which therelisitgd evidencen humans in the
absence ofufficient evidencan experimental animals; #)adequate evidencef carcinogenicity in humans or when human data is
nonexistent but there sufficient evidenceof carcinogenicity in experimental animalsji®dequate evidencer no data in humans

but with limited evidenceof carcinogenicity in experimental animals together with strong supporting evidence from other relevan
data.

Group 2C:_Potential to affect breast cancerrisk; this category includes agents for which ther@aslequate or nonexistent human
and animal databut therds supporting evidence from other relevant diiat identifies a mechanism by which the agent may affect
breast cancer risk. Examples are, but are not limited to: evidence of agent’s estrogenicity, disruption of estrogemmesatiolts

in potential to affect exposure to estrogen; evidence of breast tumor promotion, progression or co-carcinogenicityekmessod
cancer; evidence of adverse effect on immune function; or evidence of a structural similarity to a known breast carailctgen (str
activity relationship).

Group 3:Not classifiableas to its breast carcinogenicity to humans. Agents are placed in this category when they do not fall into ar
other group.

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 magasedict br
cancer risk. The absence of studies dasconstitute evidence for a lack of breast carcinogenicity.

Brief Definitions of Sufficient, Limited, and Inadequate Evidence:(adapted from the IARC Preamble by S.M. Snedeker)
Human Studies

Sufficient evidence of carcinogenicity in humansMust have established evidermetween exposure to the agent and human breast
cancer Case-reports are given the least weight in considering carcinogenicity data in humans—they are suggestive of a relations
but by themselves cannot demonstrate causality. Consistent, case-control studies which have controlled for confounding factors
have found high relative risks of developing breast cancer in relation to an identified exposure are given the most eteighiningl

a causal relationship.

Limited evidence of breast carcinogenicity in humans:A positive association has been observed between exposure to the agent ant
breast cancer, but chance, bias or confounding factors could not be ruled out.

Inadequate evidence of breast carcinogenicity in humansthe available studies are of insufficient quality, consistency or statistical
power to permit a conclusion regarding the presence or absence of a causal association.

Experimental Animal Studies

Sufficient evidence of breast carcinogenicity in animalsEvidence of malignant tumors or combination of benign and malignant
tumors in (a) two or more species of animals, or (b) two or more independent studies in one species carried out atraiffeneint ti
different laboratories or under different protocols.

Limited evidence of breast carcinogenicity in animalsThe studies suggest a carcinogenic effect, but are limited for making a
definitive evaluation because: (a) the evidence of carcinogenicity is restricted to a single experiment; (b) there assl upresidins
regarding the adequacy of the design, conduct, or interpretation of the study; or (c) the agent increases the incidebeaighonly
neoplasms of lesions of uncertain neoplastic potential, or of certain neoplasms which may occur spontaneously in highimcidence
certain strains of animals.

Inadequate evidence of breast carcinogenicity in animalsfhe studies cannot be interpreted as showing either the presence or
absence of a carcinogenic effect because of major qualitative or quantitative limitations.
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