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INTRODUCTION

The Health Advisory (HA) Program, sponscred by the Office of Drinking
Water {ODW), provides information on the health affects, analytical method~
ology and treatment technclogy that would be useful in dealing with the
contamination of drinking water. Health Advigories describe nonregulatory

concentrations of drinking water contaminants at which adverse health effects

would not be anticipated to cccur over specific exposure durations. Health
Advisories contain a margin of safety to protect sensitive members of the
population. ‘ ‘

Health Advisories serve as informal technical guidance to assist Federal,
state and local officials responsible for protecting public health when
emergency spilla or contamination gituations occur. They are not to be
construed as legally enforceable Federal astandards. The HAs are subject to
change as new information becomes avallable.

Haalth Advisories are davelop%défor one-day, ten-day, longer=term
{approximately 7 years, or 10% of an individuyal's lifetime) and lifetime

‘axpogures based on data describing noncarcinogenic end points of toxicity.

For those substances that ara known or probable human carcinogens, according
to the Agency classification scheme (Group A or B), Lifetime HAs are not
recommended. The chemical concentration values for Group A ¢r B carcinogens
are correlated with carcinogenic risk estimates by employing a cancer potendy
(unit risk) value together with assumptions for lifetime exposure and the
consumption of drinking water. The cancer unit risk is usually derived from
the linear multistage model with 95% upper contidence limits. This provides
a low=-dose estimate of cancer risk to-humans that 1s considered unllkely to
pose a carcinogenic risk in excess of the stated values. Excess cancer risk
estimates may also be calculated using the one-hit, Weibull, logit or probit
models., Thers L8 no current understanding of the blological mechanisms
involved in cancer to suggest that any one of these models is able to predict
risk more accurately than another. Because each model is based on differing
assumptiong, the estimates that are derived can differ by several orders of
magnitude. é
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II. GENERAL INFORMATION AND PROPERTIES

CAS No. 1912+24.9

Structural Formula C)
NS
CyHy ~N T, '
M b N ﬁ‘ (2(5”1,),
H o
2-Chloro-44ethy1amino-6-isapropylamino-T,3,5-triazine

Synonyms

AAtrex; Atranex; Crisatrina; Crisazine; Farmco Atrazine; Griffex;
Shell Atrazine Herbicide; Vectal SC; Gesaprim; Primatol (Meister, 1987),

Uses

* Atrazine over the Past 30 years has been the most heavily usaed
herbiclde in the U.5. It ig uged for nongelective weed control on
industrial or noncropped land and selective weed control in corn,

sorghum, sugar cane, pineapple and certain other pPlants (Melster,
1987). '

Froperties (Meister, 1987; windholz, 1976)

Chemical Formula csp14c1N5
Molecular weight 215.72
Physical state White, ordorlass, crystalline solid
Boiling Point (25 mm Hg) Pl
Melting Point 175 to 177+¢
Density (20°) 1.187
Vapor Pressure (20°Q) 3:0 x 107 mm Hg
Water Solubility (22e¢) 70 mg/L
Log Octanol/Water Partition 2.33t0 2.71.
. Coefflicient . f
: Taste Threshold -
-: Odor Threshold : -
R Conversion Factor “o
Og¢currence
* In a monitoring study of Mississippi River water, atrazine residues
were found at a maximum level of 17 PPb: residues ware detacted
throughout the year, with the highest concentrations found in June
or July (Newby and Tweedy, 1976).
* Atrazine has been found in 4,123 of 10,942 surface water samples

analyzed and in 343 of 3,208 ?;ﬁﬁnd water samples (STORET, 1988).
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Samples wera collected at 1,659 surface water locationg and 2,510
ground water locations. :The 85th percentile of all non~zero samples.
was 2.3 ug/L in surface water and 1.9 ug/L in ground water sources.
The maximum concentration found in surface water was 2,300 ug/L and
in ground water it was 700 ug/L. Atrazine was foound in surface
water of 31 States and in ground water in 13 States. This Lnformation
is provided to give a general impression of the oceccurrence of this
chemical in ground and surface waters as reportad in the STORET
database. The Individual data points retrieved were used as they

came from STORET and have not been confirmed as to their validity.
STORET data is often not valid when indlividual numbers are uged out

of the context of the entire sampling regime, as thay are herae.
Therefore, this information can only be used to form an impresalon

of the intensity and location of sampling for a particular chemical.

Atrazine has been found also in ground water in Pennavlvania, Iowa,
Nebraska, Wisconsin and Maryland; typical positives were 0.3 to 3 Ppb
{Cohen et al., 1986).

An asrobic soil metabolish study in Lakeland sandy loam, Hagerstown
silty clay loam, and Wehgdkee silt lcam soils showed conversion of

atrazine to hydroxyatrazine, aftar 8 weeks, to be 38, 40 and 47% of
the amount applied, respectively, (Harris, 1967). Two additional

. degradates, aeisopropyla:ed atrazine and deethylated atrazine, were

identified in a sandy loam study (Beynon et al., 1972).

Hurle and Kibler (1976) studied the effect of water-holding capacity

~on the rate of degradation and found a half-life for atrazine of mare

than 125 days, 37 days and 36 days in sandy soll held at 4%, 35% and
70% water-holding capacity, respectively.

In Qakley sandy loam and Wicollet clay loam, atrazine had a half-life

of 101 and 167 days (Warnock and leary, 1978).

Carbon dioxide production was generally slow in several anaerobilc
soils: sandy loam, clay loam, loamy sand and silt loam (Wolf and
Martin, 1975; Goswami and Green, 1971:; lLavy et al., 1973).

l4c-Atrazine was stable in aercbic ground water samples incubated for

15 montha at 10 or 25°C in the dark (Weidner, 1974). :

Atrazine is moderately tq}highly mobile in solls ranging in texture
fram clay to gravelly saqﬁ as determined by scll thin layer chroma-
tography (TIZ), column lgpching, and adsorption/desorption batch

cequilibrium studies. Arrazine on soil TIC plates was intermadiately

mobile in loam, sandy clay loam, clay loam, silt loam, silty clay
loam, and silty clay s0ils, and was mobile in sandy loam soils.
Hydroxyatrazine showed a low mobllity ia sandy loam and s;lty clay

=

loam soils (Helling, 1971)J
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s 8§pil adsorption goefflcients for .atrazine in a variety of solls were:
_gandy loam (0.6}, gravelly sand (1:8), silty clay (5.8), clay loam
{7.9), sandy loam (8.7}, silty clay loam (11.6}, and peat (more than
21} (Weidner, 1974; lavy 1974; Talbert and Flatchall, 1965).

e

* goil column studies indicated atrg%ine was mobile in sand, fine sandy
loam, silt loan and loam} intermediately moblile in sand, silty clay
loam and sandy loam; low to intermedlately mobile in clay loam (Weidner,
19743 lavy, 1974; Ivey and Andreaws, 19645 Ivey and Andrews, L963).

o In a Missisaippl fleld study, atrazine in silt loam soil had a half-
life of less than 30 days (Porknoy, 1978). In & loam to ailt loam
gsoil in Minnescta, atrazine phytotoxle residues persisted for more
than 1 year and were detected in the maximun-depth samples {30 to
42 inches) (Darwent and Behrens, 1968}. In Yebraska, phytotoxlc
residues persisted in silty clay loam and loam soils 16 months aftex
application of atrazine; they were found at depths of 12 to 24 inches.
But atrazine phytotoxic residues had a half-life of about 20 days in
Alabama fine sandy loam soll, although leaching may partially account
for this value (Buchanan and Biltbold, 1973).

* Under aquatic field ccnditlons, algsipation of atrazine was due to
leaching and to dilution by irrigatlon water, with residues persisting
for 3 years in soil on the sidez and bottoms of irrigation ditches,
to the maximum depth sampled, 67.5 to 90 cm (Smith et al.., 1975} .

¢ Ciba-Gelgy (1988) recently submitted comments on the atrazine Health
Advigory. These comments included a summary of the results of its
studies on the environmental fate: of atrazine. This summary indicated
that laboratory degradation stw ‘s showed that atrazine is relatively
stable in the aquatic medium under environmental pH conditions and
indicated that atrazine degraded in soil by photolysis and microblal
processes. The products of degradation are dealkylated metabolites,
hydroxyatrazine and nonextractable {bound) residues. aAtrazine and the
dealkylated metabolites are relatively mohlle wheresas hydroxyatrazine
ig immobile.

¢ Ciba=-Celgy (1988) also indicated that field dissipation studies
conducted in California, Minnesota and Tennessee show no leaching of
atrazine and metabolites below & to 12 inches of gsoil. The half~
livea of atrazine in soll ranged between 20 to 107 days, except in
Minnesota where degradation was slow. A forestry degradation study
conducted in Oregon showed nc adverse affects on elther cerrestial or
aquatic environments. Also, pioconcentration studies have shown low
potential for bleoaccummulation with a range of 15 to 77,

™

II1X. PHARMACOKINETICS

Absorgtion

e
v Atrazine appears to be readily %hsorbed from the gastrointestinal
tract of animals. Bakke et al./i(1972) adminlstered single 0.53-ng

doses of 14C-ring=labeled atrazine to rats by gavage. Total fecal

-

.
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axcretlon after 72 hours was 20.3% of the administered dose; the
remn;nder wag excreted ln urine (65.5%) or retained in tissues {(15.8%).
This indicates that at least 80% of the dose was absorbed.

Distribution

Bakke et al. (1972) administered single 0.53-mg dosas of !4C-ring=
labeled atrazine to rats by gavage. Liver, kidney and lung contained
the largest amounts of radiocactivity, while fat and muscle had lower
residues than the cther tigsues examined.

In a metaboliam study by;Ciba-Geigy (1983a), the radioactivity of
t4c-atrazine dermally applied to Harlan Sprague-Dawley rats at

0.25 mg/kg was distributed to a minoer extent to body tissues. The
highest levels were measurdd in liver and muscle at all time points
examined; 2.1% of the applied dose was in muscle and 0.5% in liver
at B hours.

Khan and Poster (1978) observed that in chickens the hydroxy metabo-
lites of atrazine accumulate in the liver, kidney, heart and lung.
Residues of both 2-chloro and 2-hydroxy moleties were found in chicken
glzzard, intestine, leg muscle, breast muscle and abdominal fat.

Metabolism

The principal reactions involved in the metabolism of atrazine are
dealkylation at tha C=4 and C~6 pogitions of the molecule. There is
also some evidenca of dechlorinaticn at the C=2 position. Theae data
wara reported by several resaearchers as demonstrated balow.

Bakke et al. (1972) administered single 0.53-mg dosas of 14C-ring-
labeled atrazine to rats by gavage. Less than 0.1% of the labsl
appeared in carbon dioxide in expired air. Most of the radicactivity
was recovered in the urine (65.5% in 72 hours), including at least 19
radiocactive compounds. More than 80% of the urinary radicactivity

. was ldentified as 2-hydfbxyatrazine and its two mono=H-dealkylated

metabolites. MNone of the metabolites identifled contained the 2-chloro
molety {which may have beén removed via hydrolysis during the isolatlion
technique or by a dechlorinating enzyme as suggested by the in vitro
studies of Foster st al. (1979), who found evidence for a dechlorinase -
in chicken liver homogenates incubated with atrazine).

Bohme and Bar {1967) identified five urinary metabolites of atrazine
in ratg: the two monodealkylated metabolites of atrazine, thelr
carboxy acid derivatives and the fully dealkylated derivative. All
of these metabolitaes contained the 2-chloro group. The in vitro
studies of Dauterman and Muecke (1974) also found ne evidence for
dechlorination of atrazine in the presence of rat liver homogenates.

Similarly, Bradway and Moseman (1982) administered atrazine (50,
5, 0.5 or 0.005 mg/day) for 3 days to male Charles River rats and

 obsarved that the fully dealkylated derivative (2-chloro=4,6=diamino~

g-triazine) was the major urinary metabolite, with lesser amounts of
the two mono-N-dealkylated derivatives.
vl .

A -

B
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¢ prickson et al. (1979 dosed Pitiman-ﬂoore minliature plgs by gavage
with 0.1 g of atrazine (80W), The major compounds identified in the

urine were the parent compound {atrazine) and deethylated atrazine
(which contains the 2-chlorc supstituent).

* Hauswirth (1988) indicated that the rat metabolism studies taken

i together are sufficient to show that in the female rat dechlorination

' of the triazine ring and N-dealkylation are the major matabolle
pathways. Oxidatlion of the alkyl substituents appears to be a minor

‘ and secondary metabolic route. “mha total body half-life is approximately
i one and one~-hal? days. Atrazine and/or its metabolltes appear to bind

| to red blood cells. Other tissue accumulation does not appear to occur.

Excretion

i ® Urine appears to be the principal route of atrazine excretion in

, animals. Following the administration of 0.5 mg doses of 14¢—ring~-
labeled atrazine by gavage to rats, Bakke et al. {1972) reported that
in 72 hours most of the radicactivity (65.5%) was excreted in the
urine, 20.3% was exgreted in the feces, and less than 0.1% appeared
as carbon dioxide in explred .air. About B85 to 95% of the urinary
radicactivity appeared within the first 24 hours after dosing,
indicating rapid clearance.

‘ s pauterman and Muecke (1974) have reported that atrazine metabolites j
are conjugated with glutathiong to yleld a mercapturic acid in the
urine. The studies of Foster et al. {1979} in chicken liver homo-

| genates also indicate that atrazine metabolism involves glutathione.
\

o Clba-Geigy (1983b) studied the excretion rate of 14c-atrazine from
Harlan Sprague=-Dawley rats dermally dosed with atrazine dissolved in
- tetrahydrofuran at levels of 0.025, 0.25, 2.5 or 5 mg/kg. Urine and
feces were collected from all animals at 24-hour intervals for 144
hours. Results indicated that atrazine was readily absorbed, and
within 48 hourg most of the absorbed dose was excreted, mainly in the
urine and to a lesser extent in the feces. OCumulative excretion in
urine and feces appeared to be directly proportional to. the administers
dose, ranging from 52% at the lowest dose to 80% at the highest dose.

IV. HEALTH EFFECTS

Humans

Short-term Expogure

o A case of severe contact dermatitis was reported by Sghlicher and
Beat (1972) in a 40-year-old farm worker exposed to atrazine formu~-
lation. The clinical signa were red, swollen and blistered hands
with hemorrhagic bullae betwden the fingers. Although it is noted
that the exposure of this patient may have been inclusive to exposurs
to other chemicals in additlion to atrazine, it is also noted that
atrazine is a skin irritant in animal studles.



o Animals

g
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Long-term Exposure

Yoder et a1, (1973) examineq chromosomes in Iymphooyte cultures
taken from agricultural workers exposed to herbicidasg ineluding
atrazine. fThere were more chromosomal aberrations in the workers
during mid~season exposure to herbicides than during the off-season
(no spraying). These aberrations included a four-fold increase in
chromatid gaps and a 25-£f51d increase in chromatid breaks. During
the off-seasocn, the mean ‘humber of 9aps and breaks was lower in thisg
group than in ‘controls who were in occupations unlikely to involve
herbicide exposurse. This observation led the authors to speculate
that there is enhanced chromosomal repaix during this period of time
resulting in compensatory protection. However, these data may not he
representative of the effect of atrazine gince the axposed workers

Short=term g;ggsura

Acute oral LDgqy values of 3,000 mg/kg in rats and 1, 750 mg/ky in
mice have been reported for technical atrazine by Bashmurin {(1974);
the purity of the test compound was not spacified,

Acute oral studies conducted by Ciba=Geigy (1988) with atrazine
(97% a.i.) reflected the following LDggs: 1,869 mg/kg in rats and
23,000 mg/kqg in mica.

Molnar (1971) reported that when atrazine was administered by gavage
£o rats at 3,000 mg/kyg, 6% of the rats died within & houra, and 25%

of those remaining died within 24 hours. fThe ratsg that died during
the first day exhibited puimonary edema with extensgive hemorrhagic
fool, cardiac dilation and microscopic hemorrhages in the liver and
spleen. Rats that died during the secoad day had hemorrhagic broncho-

alterations in the lungs, livar and brain. It i3 noted that the dosae
used in this study was almogst 2 x the LDsy (Ciba-Geigy, 1988),

Gaines and Linder (1986) determined the oral LDgp for adult male and
fanale rats to be 737 and 672 mg/kg respectively and 2,319 mg/kg for
pups. It is, therefore, noted that young animals are more sensitive
to atrazine than adults. fThig study also refleacted that the dermal
LDgp for adult rats was higher than 2, 500 mg/kg.

Palmer and Radeleff {1964) adminigtered atrazine as a fluid dilution

or in gelatin ¢apasules to Delainae sheep and dairy cattle (one animal
per dosage greup). Twe doges of 250 mg/kg atrazine caused death in
both sheep and cattla, Sixteen doges of 100 rg/kg were lethal to the
one gheep tasted., At necropsy, degeneration and discoloration of the
adrenal glands and congestion in lungs, liver and kidneys were observad.

53
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Palmer and Radeleff (1969) orally administered atrazine 80W (analysis
of test material not provided) by capsule or by drench to sheep at 5,
10, 25, 50, 100, 250 or 400 mg/kg/day and to cows at 10, 25, 50, 100
or 250 mg/kg/day. The number 6f animals in each dosage group was not
stated, and the use of controls was not indicated. Observed effects
included muscular gpasms, stilted gait and stance and ancrexia at all
dose levels in sheep and at 25 mg/kg In cattlae. Necropsy revealed
epicardial petechiae (small hemorrhagic spots on the lining of the
heart) and c¢ongestion of the kidneys, liver and lungs. Effects
appeared to be dose related. A Lowest -Obgarved-Adversa~Effect Level
({LOAEL) of 5 mg/kg/day in sheep and a No-Observed-Adverse-Effect Level
{NOAEL) of 10 mg/kg/day in cows can be ldentified from this study.

Bashmurin (1974) reported that oral administraticn of 100 mg/kg of
atrazine to cats had a hypotensive effect, and that a similar dose in
dogs was antldiuretic and decreased serum cholinesterase {ChE) activity.
Mo other details of this astudy were reported. Atrazine is not an
organophosphate {OP), therefora, its effect on ChE may not be similar
to the mechanism of ChE inhibition by OPs.

Dermal/Ocular Effects

L]

In a primary dermal irritation test in rats, atrazine at 2,800 mg/kg
produced erythema but no systemic effects (Gzheyotakly et al., 1877).

Ciba~Gelgy (1988) indicated that the studies it performed reflected
dermal sensitization in rats ﬁut not irritation in rabbits' eyes.

Long=term Exposure

Hazelton lLaboratories (1961) fed atrazine to male and female rats for
2 years at dietary levels of 0, 1, 10 or 100 ppm. Based on the
dietary assumptions of Lehman {(1959), these levels correspond to
doses of approximately &, 0.05, 0.50 or 5.0 mg/kg/day. After 65
weeks, the 1.0-ppm dose was increased to 1,000 ppm (50 mg/kg/day) for
the remainder of the study. No treatment-related pathology was found
at 26 weeks, at 52 weeks, at 2 years, or in animals that died and
were necropsied during the study. Results of blcod and urine analyses
were unremarkable. Atrazine had no effects on tha general appearance

- or behavior of the rats. A transient roughness of the coat and

plloerection were observed in some animals after 20 weeks of treatment
at the 10~ and 100-ppm levels but not at 52 weeks. Body weight gains,
food consumption and survival were similar in all groups for 18
months, but from 18 to 24 months there was high mortality due to
infections (not attributed to atrazine) in all groups, including
controls, which limits the usefulnesa of this study in determining a
NOAEL for the chronic toxicity of atrazine.

In a 2-year study by WOodard*Research Corporation (1964), atrazine
{80w formulation) was fed to imale and female beagle dogs for 105
weeks at dietary levels of 0, 15, 150 or 1,500 ppm. Based on the
dietary assumptions of Lehman (1959}, these levels corresgpond to
doses of 0, 0.35, 3.5 or 35 mg%;?/dayc Survival rates, bedy welght
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gain, food intake, behavior, appearance, hematologic findings,
urinalyses, organ weights and histologic changes were noted. The
15-ppm dogage (0.35 mg/kg/day) produced no toxicity, but the 150-ppm
dosage (3.5 mg/kg/day) caused a decreasa in food intake as well as
increased heart and liver weight in females. In the group receiving
1,500 ppm (35 mg/kg/day) atrazine, there were decreases in food
intake and body weight gain, an increase in adrenal weight, a
decrease in hematocrit and occasional tramors or stiffness in the
rear limbs. There were no differences among the different groups in
the histology of the organs studied. Based on these results, a NOAEL
of 0.35 mg/kg/day can be identified for atrazine.

In a study by Ciba~Gelgy- {1987b) using technical atrazine (97% ai.),
slx-month=0ld beagle dogs were agsignéd randemly to four dosage

groups: 0, 15, 150 and .},000 ppm. These doses correspond to actual
average lntake of 0, 0.48, 4.97 and 33.65/33.8 (male/female) mg/kg/day.
Six animals/sex/group wera assigned to the control and high dose groups
and four animals/sex/group were assigned to the low~ and mid~dose
groups. One mid-dose male, one high-dose male and one high-dose female
had to be sacrificed moribund during the study period. Decreagsed beody
welght gains and food consumption were noted at the high=dose. lavel.
Statistically significant (p <0.05) reductions in erythrold parameters
(red cell count, hemoglobin and hematocrit) in high-dose males were
noted throughout the study as well as mild increases in platelat

counts in both sexes., Slight decreases in total protein and albumin

(p < 0.05) were noted in high~dose males as well as decreased calcium
and chloride in males and increased sodium and glucose in females.
Decrease in absolute heart weight were noted in females and increased
relative liver welght in males of the high-doss group. The mid-dose
females reflected an increase in the absolute heart waight and
heart/brain weight ratios. The most significant effect of atrazine

in this study was reflected in the high-dcse animals of both sexes

&8 discrete mycardial degeneration. Clinical signg assoclated with
cardiac pathology such as ascites, cachexia, labored/shallow breathling
and abnormal EKG were obsaxrved Iin the group as early as 17 weeks into
the study. Gross pathology reflected severe dilation of the right
atrium and occasionally j4f the left atrium., These findings were also
noted histopathologically as degenerative atrial myocardium {atrophy
and myolysis). In the mid-dose group, two males and cne femala
appeared to be affected with the cardiac syndrome but to a much lesser
degree in the intensity of the noted responses. Therefore, the LOAEL
in this study is 4.97 mg/kg/day and the NOAEL is 0.48 mg/kg/day.

A two year chronic feeding/oncogeénicity study {Ciba~Geigy, 1986} was
recently evaluated by the Agency. In this study, technical atrazine
(98.9% a.i.) was fed to 37 to 38 days-old Sprague-Dawley rats. The
dogage levels used were 0, 10, 70, 500 or 1,000 ppm, equivalent to
0, 0.5, 3.5, 25 or 50 mg/kg/day (using Lehman's conversion factor,
1959). Twanty rats per sex par group were used to measure blood
parameters and clinical chemistries and urinalysis. Fifty rats per
Sex per goup were maintained on the treated and control diets for

24 months. An additlonal 10 rats per sex were placed on control and
high dose (1,000 ppm) dlets for a twelve month interim sacrifice and

5
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another 10 per sex {(control and high dose, 1,000 ppm) for a 13 month
sacrifice (the 1,000 ppm group wWas placed on control diet for one month
prior to sacrifice). The total number of animals/sex in the control
and HDT groups was 90 and 70 for the 10, 70 and 500 ppm groups. Higto=-
pathology was paerformed on all animals. At the mid~ and high-doae,
there was a decresase ln mean body weights of males and females.
Survival was decreaged in high-dose females but lncreased in high-dose
males. There were decreases in organ=to~body weight ratios in high-dose
animals, which were probably the result of body weight decreases.
Hyperplastic changes in high-dose males (mammary gland, bladder and
progtate) and females (myeloid tissue of bone marrow and transitional
eplthelium of the kidney) were of questionabls toxicologic importance.
There was an lncrease in retlnal degeneration and in centrolobular
necrosis of the liver in high~doge females and an increase in
degeneration of the rectus femoris muscle in high-dose males and
females when compared to controls. Based on decreased body welght
gain, the LOAEL for non-oncogenic activities in both sexesa 1s

25 mg/kg/day and the NCAEL is 3;5 mg/kg/day. However, oncogenic¢
activities were noted at 3.5 mg/kg/day (70 ppm) and above ag reflected
in the increased incldence of mammary gland tumors in females.

* A recent 21-week oral feeding/oncogenicity study in mice by Ciba=-
Geigy (1987c) has been evaluated by the Agency. In this study,
atrazine {97% al.) was fed to flve-waeks=old CD=1 strain of mice,
weighing 21.0/26.8 grams {female/male). The mice were randonly
asgigned to five experimental groups of approximately 60 animals/sex/
group. The dosage tested were 0, t0, 300, 1,500 and 3,000 ppm; these
dosages correspond to actual mean daily intake of 1.4, 38.4, 134.0 and
385. 7 my/kg/day for males, and 1.6, 47.9, 246.9 and 482.7 mg/kg/day
for females. This study shows rhat there are dose-related effects
at 1,500 ppm or 3,000 ppm atrazine: an lncrease in cardiac thrombi.,

a decrease in the mean body weight gain at 12 and 31 weeks during the
study, and decreases in erythrocyte count, hematocrit and hemoglobin
concentration. Cardlac thrombi contributed to the deaths of the .
group of mice that did not survive to terminal gacrifice. The LOREL
is get at 1,500 ppm based upon decraases of 23.5% and 11.0% ln mean
body weight gain found at 91 waeks in male and female mice, regpectively
Alsc, an increase in the incidence of cardiac thrombl is found in
female mice in the 1,500 ppm exposure group. None of the above effects
are found at 300 ppm, thus tie NOREL is set at 300 ppm {corresponding
to 38.4 mg/kg/day in males and 47.9% mg/kg/day for females) .

Reproductive Effacts 5

°* A three-generation study on tha effects of atrazine on reproduction
in rats was conducted by Wooddérd Research Corporation (1966). Groups
of 10 males and 20 females received atrazine (80W) at dietary levels
of 0, 50 or 100 ppm. Based on the dietary assumptions that t ppm in
the diet of rats is equlvalent to 0.05 mg/kg/day’ (Lehman, 1959}, thess
levels correspond to doses of approximately 0, 2,% or 5 mg/kg/day.
Two litters were produced per generation but parental animals were
chosen from the second litter after weaning for each generation.
Young rats were majintained on the test diets for approximately ten

56.




. dose-related in the second generation (Fz) at both the mid~ and
- high-doge levels on postnatal day 21. Therefore, matgrnal toxicity

~ Developmental Effects

.6 %o 15 at 0, 100, 500 or 1,000 mg/kg (Ciba=Gelgy, 1971}, The two higher
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weeks in each generation.. The third generation Pups were sacrificed
after weaning., It ig noteqd that the parental animals of tha first
generation ware fed only half of the dietary atrazine levels for the
first 3 weeks of eéxposure, There were no adverse effects of atrazine
on reproductlion observed during the course of the three-generation
study. A NOAEL of 100 ppt (5 mg/kg/day) was identified for thig
study. However, the ugefulnass of thisg study is limited due to the
alteration of the atrazine content of the diet during important
maturation periods of the neonates.

A recent two=generationg study in rats by Ciba-Gelgy (1987a) wag
conductad using the 97% ai. technical atrazins, Young rats, 47 to
48 Qays old were ®aintained on tha controel and test diats for 10
weaks hefora mating. Tha concentrations used werae 0, 10, 50 ang

500 ppm (equivalent to 0, 0.5, 2.5 and 2% mg/kg/day using Lehman
conversion factor, 1959). . Thirey animals/sex/group ware used in each
generation; one litter wag: produced per generation. The lovel tested 1
had no effact on mortality: in aither generatlon. Body welght and !
body welght gains were significantly depressed (p <0.05) at the ﬁ
tighest dose; however, food consumption was also decreased at this ’
high-doge level in Parental males and females during the Premating
perioed and for the firat genaration females (Fy) on days 0 to 7 of
gastation,. No higtopatholagical effacts were noted nor other effects

at the high doge. In Pups of both generation, significant reduction
(p <0.05) in body weight was noted; howaver, this effect was only

NCAEL ig 2.5 mg/kg/day; the reproductive LOAEL is 2.5 ng/kg/day

(reduced pup weight in Py generation on postnatal day 21) and the
NOAEL ig 0.5 mg/kg/day.

In the three-generation reproduction study in rats conducted by
Woodard Resaarch Corporation (1966) (described above), atrazine at
dietary levels of 50 or 100 ppm (2.5 or 5 mg/kg/day) resulted in no
obmerved histologic_changeéjin the weanlings and no effects on fetal
regsorption. No malformaticns ware cbserved, and weanling organ
wvelghts were similar in corntrols and atrazine-treated animals.
Therefore, a NOAEL of 100 ppa (5 mg/kg/day) was also identified for
developmental effecta in this atudy. However, the usefulness of this
study is limited due tc an alteration of the atrazine content of the
diet during important maturation periods of tha neonates. :

Atrazine wags adminigtered orally to pregnant rats on gestation days

the.mean weights of the fatuses and retarded the skeletal development.
No teratogenic effects were cbserved. The highest dose (1,000 mg/kg)
regsulted in 23% maternal mortality and various toxic symptoms. The

100 mg/kyg dose'ha§ no effect on sither dams or embryos and is therefore
the maternal and fetotoxic NOAEL in this study. .
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Mutagenicity

°

. Adler (1980) reviewed unpublished work on atrazine mutagenicity

o
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In a gtudy by Ciba~Galgy (1984a), Charles River rats recelved atrazine
{97%) by gavage on gestation days 6 to 15 at dose levels or 0, 10, 70,
or 700 mg/kg/day. Excessive maternal mortality (21/27) was noted at
700 mg/kg/day, but no mortality was noted at the lower doges; also
reduced weight gains and food consumption were noted at both 70 and
700 mg/kg/day. Developmental toxicity was also present at theass doge
levels. Fetal weights were saverely reduced at 700 mg/kg/day; delays
in skeletal development occurred at 70 mg/kg/ day, and a dosa-related
runting was noted at 10 mg/kg/day and above. The NOAEL for maternal
toxiclity appears to be 10 mg/kg/day, however, this is algo the LOAEL
for developmental effects.

New Zealand white rabbits received atrazine (96%) by gavage on gestation
days 7 through 1% at dose levels of 0, 1, 5 or 75 mg/kg/day (Ciba-Geigy,
{1984L}. Maternal toxicity, evidenced by decreased hody welght gains
and food consumption, was present in the mid=- and high-dose groups.
Developmental toxicity was demonstrated only at 75 mg/kg/day by an
increased resorptlion rate, reduced fetal weights, and delays in
ogslfication. Mo teratogenic effects were indicated. The NOAEL
appears to be 1 mg/kg/day.

Peters and Cook (1973) fed atrazine to pregnant rats (four/group)

at levels of 0, 50, 100, 200, 300, 400, 500 or 1,000 ppm in the diet
throughout gestation. Baged on an assumed body welght of 300 g and

a daily food consumption of 12 g (Arrington, 1972), these levels
correspond to approximately 0, 2, 4, 8, 12, 16, 20 or 49 mg/kg/day.
The number of pups per littar was similar in all groups, and there
ware no differences in weanling welghts. This study identified a
NOAEL of 40 mg/kg/day for developmental effects. In another phase of
this study, the authors demonstrated that subcutaneous (sc) injectiocons
of 50, 100 or 200 mg/kg atrazine on gestation days 3, 6 and 9 had no
effect on the litter size, while doses of 1B00 mg/kg were embryotoxic.
Therefore, a NOAEL of 200 mg/kyg by the sc route was identifled for
embryotoxicity.

Loprieno et al. (1980} reported that single doses of atrazine

(1,000 mg/kg or 2,000 mg/kg, route not specified) produced bone marrow
chromosomal aberrations in the mouge. No other details of thls study
were provided.

Murnik and Nash (1977} reportedithat feeding 0.01% atrazine to male
Drosophila melanogaster larvae signiflicantly increased the rate of _
both dominant and sex~linked recessive lethal mutatlons. They stated,

however, that deminant lethal induction and genetic damage may not be
directly related,

carried out by the Environmental Research Programme of the Commission
of the European Communities. Mutagenlc activity was not induced agven
when mammalian liver enzymes (S-9) were used; however, the use of

plant microsomes produced posiééﬁe results. Also, in in vivo studies
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in mice, atrazine induced dominant lethal mutations and increased the

) frequency of ¢hromatid breaks in bone marrow. Hence, the author
suggested that activation of atrazine in mammals occurs independently
of the liver, possibly in the acidic part of the stomach.

As described previously, Yoder et al. (1973) studied chromosomal
aberrations in the lymphocyte culturas of farm workers exposed to
various pesticides including atrazine. During mid-season a 4-fold
increase in chromatid gaps and a 25-fold increase in chromatid breaks
was observed. During the off~season (no spraying), the number of

" gaps and breaks was lower than in controls, suggesting to the authors
that there is enhanced chromosomal repair during the unexposed period.

* Recently, Spencer (1987) and Dearfield (1988) evaluated several in
vitro and in vive mutagenicity studies on atrazine that wera regently j
submitted to the U.S. EPA by Ciba-Gelgy. They noted that most of i
thegse studies were inadejuate with the exception of the following {
three tests: a Salmonella assay; an E. coli reversion assay; and a
Hogt~Mediated assay. The First twoe agsays ware negative for mutagenic
effects; the results of the third assay were equivocal.

® Ciba~Geigy {(1988) indicated that Brusick (1987) evaluated atrazine ‘

mutagenicity and that the walight-of-evidence analysis he used placed y
the chemical in a non-mutagenic status. The Agency (Dearfleld, 1988) |
.evaluated Brusick's analysias. It is noted that the use of the weight=
of-evidence approach is not appropriate at the present time. The ‘
in vivo studies by Adler (1980) suggest a positive response., These ¥
findings have not been diminighed by other atrazine studies. In

- addition, Dearfield (1988) indicated that the scheme used by Brusick
in this analysis is flawed by the lack of calibratien of the chamical
.test scores to an external gstandard and by the use of some studies
that are considered inadequate by design to determine the mutagenic
potential of atrazine.

Carcinoggnicitz

Innes et al. (1969) investigated the tumcrigenicity of 120 test com~ I
pounds including atrazine in mice. Two Fq hybrid stocks (C57BL/6 x Anf) ;
Fq and (C57BL/6 x AKR) Fq were usad. A dose of 21.5 mg/kg/day was A
administered by gavage t¢ mice of both sexaes from age 7 to 28 days.
After weaning at 4 weeks, this dose level was maintained by feeding

82 ppm atrazine ad libitum in the diet for 18 months. The incidaence

of hepatomas, pulmonary tumors, lymphomas and total tumors in atrazine-
treated mice was not significantly different from that in the negative
controls. .

® A two-year feeding/oncogenicity study in rats by Ciba~Geigy (1986) g
hag been evaluated recently by the Agency. Atrazine {(98.9% a.i.}
was fed to 37 to 38 days=old Sprague-Dawley rats. The dosage levels
used were 0, 10, 70, 500 or 1,000 ppm, equivalent to 0, 0.5, 3.5,
25 or 50 mg/kg/day (using Lehman's conversion factor, 1959). The
total number of animals/sex in the control and HDT groups was 90; and
70 animals/sex/group for the é%? 70 and 500 ppm groups. Histopathology
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. was performed on all animals. In females, atrazine was associated with
a statistically significant increase in mammary gland fibroadenomas
at 1,000 ppm, in mammary gland adenocarcinomas {(including two carcino-
sarcomas at the HDT} at 70, 500 and 1,000 ppm, and in total mammary
gland tumor bearing animals at 1,000 ppm. Each of these increases
was associated with a statistically significant dose-~related trend
and was outside of the high end of the historical controcl range. 1In
addition, U.S. EPA (1986a) indicated that there was evidence for
decreased latency for mammary gland adenocarcinomas at the 12 month
interim sacrifice that was already submitted by Ciba-Gelgy in 1385,
This study was alsec reported as positive in a briefing paper by
Ciba=-Geigy (1987). L

[T

[ ¢ A recent 91-week oral feeding/oncogenicity study in mice by Ciba-

' Geigy (1987c) has been evaluated by the Agency. 1In this study,
atrazine (97% ai.,) was fed to five-weeks-old CD-! mice weighing
21.0/26.8 grams (female/male). The mice were randomly assigned to
five experimental groups of approximately 60 animals/sex/ group.

The dosage tested were 0, 10, 300, 1,500 and 3,000 ppm; these dosages
correspond to actual mean daily intake of 1.4, 38.4, 194,0 and 385.7
mg/kg/day for males, and 1.6, 47.9, 246.9 and 482,7 mg/kg/day for
females, The following kinds of necplasms were noted in this study:
mammary adenccarcinomas, adrenal adencmas, pulmonary adenomas and
malignant lymphomas. However, nc dose-related or statistically
significant increases were observed in the incidences cof these
necplasms. Therefore, atrazine is not considered oncogenic in this
strain of mice. '

V. QUANTIFICATION OF TOXICOLOGICAL EFFECTS

. Health Advisorias (HAs) are. generally determined for one-day, ten-day,

' longer-term {up to 7 years) and lifetime exposures if adequate data are
avajilable that identify a sensitive noncarcinogenic end point of toxicity.

The HAs for noncarcinogenic toxicants are derived using the following formula:

N HA = (NOAEL or LOAEL) X (BW) . Ng/L (e ug/L)
. (UF) x (____ L/day):

wheres:
No- or Lowest-bbserved-Adverse-Effect Level
in mg/kg bw/day.

NOAEL or LCAEL

BW = assumed body weight of a child (10 kg) or
an adult (70 kg).

UF = uncertainty factor (10, 100, 1,000 or 10,000}
in accordance with EPA or NAS/ODW guidelines.

assumed daily water consumption of a child
{1 L/day) or an adult (2 L/day).

0.

L/day
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One~day Health Advisory

No suitable information was found in the avallable literature for the
determination of the One-day Hi value for atrazine. It is, therefore, recom=
mended that the Tan~day HA value calculated below for a 10~kg child of

0.1 mg/L (100 ug/L), be ugsed at this time ag 4 conservative estimate of the
Ona=day HA valua.

Ten~day Health Advigory

Two teratology studies by Ciba~Geigy, one in the rat {1984a) and one in the
rabbit (1984b), were considered for the calculation of the Ten=day HA value.
The rat study reflected a NOAEL ©f 10 mg/kg/day for maternal toxicity but thig
value was also the LOAEL for developmental toxicity while tha rabbit atudy
reflacted NOAEIs of 5 ng/kg/day for developmental toxlicity and 1 mg/kg/day for
maternal toxicity. Thus, the rabbit 4ppears to be a more sensitive species than
the rat for maternal toxicitcy, hence, the rabbit atudy with a NOAEL of 1 mg/kg/day
is used in the calculations below..

84
The Ten-day HA for a 10 kg child is calculated below as follows:

{1 mg/kg/d) x 10kg) = g, 1 L {100 L
(100} x (1 L/day) moL { ug/L)

where:

1 mg/kg/day = NCAEL, basad on maternal toxicity evidenced by decreased
body weight gain and food consumptien.

10 kg = aasumed body waight of a child.

100 = uncertainty factor, chosen in accordance with EPA or
ODW/NAS guidelines for use with a NOAEL from an animal

1 L/day = assumed daily consumption for a child.

Longexr~term Health Advigory

No suitable information was £und in the avallable literature for the
determination of the longer~-term HA value for atrazine. It is, therefore,
recommanded that the adjusted DWEL for a 10=kg child of 0.05 mg/L {50 ug/L)
and the IWEL for a 70-kg adult of 0.2 mg/L (200 ug/L) be used at this time as
congervative estimates of the Longer~term HA values.

Lifetime Health Advisory

The Lifetime HA represents that portion of an individual's total exposuras
that is attributed to drinking water and 13 considared protective of noncar-
¢inogenic adverse health effects over a lifetime expogure. The Lifetime HA
is derived in a three-step process. Step 1 determines the Reference Dose
(RED), formerly called the Acceptable Daily Intake {ADI). The RfD is an esti=
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mate of a daily exposure to the human population that i3 likely to be without
appreciable risk of deleterious effects over a lifetime, and 1s derived from
the NOAEL (or LOAEL), identifled from & chronle {or subchronic) study, divided
by an uncertalnty factor(s). From £he RfD, a Drinking Water Equivalent Level
(DWEL) can be determined (Step 2). A DWEL is a medium-specific (i.e., drinking -
water) lifetime exposure level, assuming 100% exposure from that medium, at
which adverse, noncarcinogenic health effects would not be expected to gccur.
The DWEL is derived from the multiplication of the RED by the assumed body
welght of an adult and divided by the agsumed dally water consumption of an
adult. The Lifetime HA is determined in Step 3 by factoring in other sources
of exposure, the relative source contribution (RSC). The RSC from drinking
water 1ls based on actual exposure data or, if data are not avallable, a

value of 20% ig assumed. If the contaminant la classified as a Group A or B
carcinogen, according to the Agency's ciassification scheme of carcinogenic
potential (U.S. EPA, 1986b), then caution should be exercised in assessing the
risks assoclated with lifetime exposure.to this chemical.

_ Three studies were considered for ‘the development of the Lifetime HA. A
two-year dog feeding study (Woodard, 1964), a cna=-year dog feeding study Ciba-
Geigy, 1987) and a two-year rat oral feeding/oncogenicity study (Ciba~Geigy.,

1986).

The first study in dogs (1964) reflected a NOAEL of 0.35 mg/kg/day and a

'LOAEL of 3.5 mg/kg/day that was associated with increased heart and liver

waelghts in females. The new ona-year dog study (1988) reflected a NOAEL of
0.48 mg/kg/day and a LOAEL of 4.97 mg/kg/day based on mild cardiac pathelogy
{ntensified at the higher dose tested 33.65/33.8 (male/female) mg/kg/day. .
The two=-year rat study (Ciba-Gelgy, 1986) reflected a NOAEL at 3.5 mg/kg/day i
for systemic effect other than oncogenicltys howaver, this study indlcated ‘
that atrazine caused mammary gland tumors at this dose level and above, no
adverae effacts were observed at the lowest dose tested, 0.5 mg/kg/day.

The 1964 dog study was initially used for the calculation of the RED and
the Lifetime HA. However, this atudy was partially flawed by the lack of
information on the purlty of the test material and by the inadequate document-
ation of the hematological data. Therefore, the recent ona-year dog atudy
(Ciba=Geligy, 1987b), using technical atrazine (97% ai.}, is consldered as a
more adequate study for the calculation of the RFD and the Lifetime HA. The
NOAEL in this study., 0.48 mg/kg/day, is also supported by the NOAEL of 0.5
mg/kg/day in the two-generation reproduction study (Ciba-Gelgy., 1987a) and by
the fact that no systemic effects or tumors were noted at thls dose level in
the two=year chronic feeding/oncogeniclty study in rats (Ciba-Geigy, 1986).
(Other studies: Woodard Research Corporation (1966) and Hazelton laboratories
(1961) identified long-term NOAEL values of 5 to 50 mg/kg/day and were not
considered to he as protective as the dog studies for use in calculating the
HA values for atrazine.)

Step 1: Determination of the Reference lose {RED)

RED = 0:48 mg/kg/day = 0,005 m da
(100) 9/kg/day

{rounded from 0.0048 mg/kg/day)

62
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where:

0.48 mg/kg/day = NOAEL, based on the abgence of cardiac pathology
or any othar/adverse clinical, hematalogical, bic=-
chemical and histopathological effects in dogs.

100 = gncertainty factor, chosen in accordance with
EPA or ODW/NAS guldelines for use with a NOAEL
from an animal study.

Step 2: Determination of the Drinking Water Equivalent Level (DWEL)

| owEL = {9:0048 mg/kg/day) (70 kg) = 0.168 me/L
? (2 t/day) ng/L (200 ug/L)

whare:

0.0048 mg/kg/day = RfD (before rounding off to 0.005 mg/kg/day)
70 kg = assumad body welight of an adult.

2 L/day = assumed daily water consumption of an adult.

Step 3t . Datermination of the Lifetime Health Advisory

Lifetime HA = 0.168 m?gbﬁ.fZO\J = 0.003 mg/L (3 ug/L)

where:

i

0.168 mg/L = DWEL (before rounding off to 0.2 mg/L)

20% = aggumed relative source contribution
from water.

10 = additional uncertalnty factor, according

to ODW policy, to account for possible
carcinogenicity.

+

Bvaluation of Carcinogenic Potential

' A gtudy submitted by Ciba-Gelgy Corporation {1986) in support of the
pesticlide registration of atrazine indicated that atrazine induced an
4 increased incidence of mammary tumorxs in female Sprague-Dawley rats.
Thase findings have been further confirmed in a briefing by Ciba-Geigy
{1987) on this study.

* Atrazine was not oncoganic in mice (Ciba-Gelgy, 19872).

* Three closely related analogs: propazine, terbutryn and simazlne are
presently classified as Group C oncogens based on an increased incidence
of tumors in the same target tissue (mammary glana) and animal speciles
(rat) as was noted for atrazine.

m L A mem—mmEee. g e
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° The International Agancy for Regearch on Cancer has not evaluated the
carcinogenic potential of atrazine.

® Applying the criteria descriped in EPA's guidelines for assessment of
carcinogenic risk {U.S. EPA, 1986b), atrazine may be clagsified in
Group C: possible human carcinogen. This category is used for :
substances with 1imited evidente of carcinogenicity in animals in the

abgsence of human data. ,
“

Py

;
VI. OTHER CRITERIA, GUIDANCE AND STANDARDS

* fToxicity data on atrazine were reviewed by the Mational Acadenmy of
Sciences (NAS, 1977), and the study by Innes et al. {1969) was used
to identify a chronic NOAEL of 21.5 mg/kg/day. Although at that time
it was concluded that atrazine has low chrenic toxiclty, an uncerxalnty
factor of 1,000 was employed in calculation of the ADI from that
study, since only limited data were available. The resulting value

; (0.021 mg/kg/day) corresponds to an ADI of 0.73 mg/L in 2 70=kg adult

‘ consuming 2 L of water per day.

* Tolerances for atrazine alone and the combined residues of atrazine
and its metabolites in or on various raw agricultural commoditlies
have been established (U.S. EPA, 1986c). Thesae tolerances range from
¢.02 ppm (negligible) in animal products {meat and meat by=products)
to 15 ppm in various animal fodders. ‘

Ay
| ' y
g VII. ANALYTICAL METHODS i
I ‘
o ® analysls of atrazine is by a gas chromatographic (GC) method, Method
. Ne. 507, applicable to the detsrmination of certaln nitrogen-phosphorus
3 containing pesticides in water samples (U.S. EPA, 1988). In this
\ _ method, approximately 1 L of sample 1s extracted with methylene
chlorida. The extract L1s concentrated and the compounds are separated
! using capillary column GC. Measurement is made using a nitrogen
- phosphorus detector. The method has been validated in a single Labora-
) tory. The estimated detection limit for the analytes in this method,
including atrazine, is 0.13 ug/ L.

VIII. TREATMENT TECENOLOGIES

At ——— P R P

¢ fTreatment technologies which will remove atrazine from water include
activated carbon adsorption, lon exchange, reverse osmogisg, czone
- oxidation and ultraviolet irradiation. Conventional treatment methods
have been found to be ineffective for tha removal of atrazine from
drinking water (ESE, 1984; Miltner and Fronk, 1985a). Limited data
suggest that aeration would not be effective in atrazine removal
} (ESE, 1984; Mlltner and Fronk, 1985a) .

* Baker (1983) reported that a ib-s-inch GAC filter cap using F=300,
which was placed upon the rapid sand filters at the Fremont, Ohio




August, 1988

af Q-

water treatment plant, reduced atrazine levels by 30 to 64% in the
watar from the Sandusky Rliver. At Jefferson Parish, Louilsiana,
Lykina et al. (1984) reported that an adsorber containing 30 inches
of Westvaco WV-G® 12 x 40:GAC removed atrazine to levels below
detectable limits for over 190 days.

At the Bowling Green, Chio water treatment plant, PAC in combination
with coanventional treatment achleved an average raduction of 41% of
tha atrazine in the water from the Maumee River (Baker, 1983).
Miltner and Fronk (1985a) ‘reported that in jar tests using apiked
Ohio River water with the addition of 16.7 and 33,3 mg/L of PAC and
15«20 mg/L of alum, PAC removed 64 and 84%, respectively, of the
atrazine. Higher percent removals reflacted higher PAC dosages.
Miltner and Fronk (1985b) monitored atrazine levels at water treat=-
mant plants, which utilized PAC, in Bowling Green and Tiffin, Chio.
Applied at dosages ranging from 3.6 to 33 mg/L, the PAC achieved 31
to 91% removal of atrazine, with higher percent removals again
reflecting higher PAC dosages.

Harrls and Wwarren (1964) reported that Amberlite IR=120 cation exchange
reain removed atrazine from agquecus sclution to less than detaectable
levels. Turner and Adams (1968) atudied the effect of varylng pH on
different cation and anion exchangs resins. At a pH of 7.2, 45%
removal of atrazine was achieved with Dowex® 2 anion exchange rasin
and with H,PO,” as the exchangeable ion speciles.

Chian et al. (1975) reported that reverse osmosls, utilizing cellulose
acetate membrane and a cross-linked polyethelenimine (NS=100) membrane,
successfully procassed 40% of the test solution, removing 84 and 928%,
regpectively, of the atrazine in the solution.

Miltner and Fronk (1985a) studied the oxidation of atrazine with
ozone in both splked distilled and ground water. Varying doses of
ozone achieved a 70% removal of atrazine in distilled water and 49 to
76% removal of atrazine ln ground water.

Kahn et al. (1978} studied the effect of fulvic acid upon the photo-
chemical stabllity of atrazine to ultraviolet irradiation. A 50%
removal of atrazine was achieved much faster at higher pH conditicns
than at lower pH conditions. In the prasence of fulvic acids, the
time needed for ultraviolet irradiation to achleve 50% removal was
almost triple the time reguired to achleve similar removala without
the presence of fulvic acids. Since fulvic acide will be present in
surface waterg, ultraviolet irradlation may not be a cost-effectlve

treatment alternative.

45
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“DINOSEB
i

Health Advisgory
Office of Drinking Water
U.8. Environméntal Protection Agency

The Health Advisory (HA) Program, sponscred by the Office of Drinking
Watar (ODW), provides information on the health effects, analytical method=-
ology and trsatment technology that would be useful in dealing with the
contamination of drinking water. Health Advisories degcribe nonrequlatory
concentrations of drinking water contaminanta at which adverse health effects
would not be anticipated to occur over specific exposure durations, Health
Advisories contain a margin of safety to protect sensitive members of the
population.

Health Advisoriea serve as informal technical guidance to assist Federal,
State and local officials responsible for protecting public health when
emergency spills or contamination situations occur. Thay are not to ba
construed as legally enforceable Pederal standards. The HAs are subject to
change as new information beccmes availabla. i

Health Advisories are devaloped for one-day, ten~day, longer-term
{approximately 7 years, or 10% of an individual's lifetime) and lifetime
exposures baged on data describing noncarcinogenic end points of toxicity.
For those substances that are known or probable human carcinogens, according
to the Agency classification gcheme {Group A or B), Lifetime HAs are not
racommended. The chemical concentration values for Group A or B carcinogens
are corralated with carcinogenic rigk estimates by employing a cancer potency
(unit risk) value together with assumptions for lifetime exposure and the
consumption of drinking water. The cancer unit risk is usually derived from
the linear multistage model with 95% upper confidence limits. This provides
a low-dose estimate of cancer risk to humans that is considered unlikely to
pose a carcinogenic risk in excess of the stated values. Excess cancer risk
estimates may also be calculated using the One<nit, Waibull, Logit or Frobit
models. There s no current understanding of the biological machanisms
jnvelved in canger to suggest that any one of these models is abla to predict
risk more accurately than another. Because each model is hased on differing
assumptions, the estimates that are derived can differ by several orders of
magnitmie. )
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vinoseb

INFORMATION AND PROPERTIES

IXI. GENERAL

CAS No.

88~85=7

Structural Formula

2-sec-butyl-4, _g;;-dinitrophnnol

Synonyma

* DNBP, dinitro, dinoseb (B5SI, IS0, WSSA)7 dinosebe (France); Basanita
(BASP Wyandot:te); Caldon, Chemox General, Chemox PE, Chemsect DNBP,
DN=289 (product discontinued), Dinitro, Dinitro-3, Dinitro Genaral,
Dynamite (Crexsl Chemical)s; Elgetel 318, Gabutox, Hel=Fire (Helena);
Kiloseb, Nitropone C, Premerge 3 (Agwayls Sinox General (FMC Corp-}:
Subitex, Unicrop DNBP, Vartac Dinitro Weed Xiller 5, Vertac General
Weed Xiller, Vertac Selective Weed Killer (Meistar, 1954).

Uses

' Aug’ustp 1988

Dinoseb is used as a herhicide, desiccant and dormant fruit spray

(Msigster, 1984).

Properties (WSSA, 1983)

Chemical Formula « . Cyoty12N20s
- 240

Molecular Welght

Physlical Stats (room temp.)

Boliling Point

Malting Point

Density (*C)

Vapor Pressure

Specific Gravity

Water Solubility

Log Octanol/Water Partition
Coefficient

Taste Threshold

. 0dor Threshold

Conversion Factor

ocgurrence

+ Dark amber crystals

32*C

X

- 1.2647 (45eC)

_{151°C) 1 Hy

- 52 mg/L {25°C)

-y

Dinogeb has been found in 1 of 89 surface water samples analyzed and
in none of 1,270 ground water gamples (STORET, 1998). Samples were

collected at 8% gurface water locations and !,184 ground water locationg

23

X .

-



Dinoseb _ August, 1988

-3-

and dinoseb was found in Ohio. The B5th percentile of all nonzero
gamples was 1 ug/L in surface water. This information is provided
to give a general imprassion of the occurrence of this chemical in
ground and eurface waters as reported in the STORET database. The
individual data points retrieved were ugsed as they came from STORET
and have not been confirmed ‘as to their validity. STORET data is
oftan not valid when individual numbers are used out of the context
of the entire sampling regime, as thay are here. Therefora, this
information can only be uged to form an impression of the intensity
and location of sampling for a particular chemical,

¢ Dincgeb has been found in New York ground water; typical positives
warea 1 to 5 ppb (Cohen et al., 1986).

Environmental Fate

* Dinoseb was stable to hydrolysis at pH 5, 7, and 9 at 25%C over a
period of 30 days (Dziale, 1984}.

¢ With natural sunlight on a California sandy loam soil, dinoseb had a
half=life of 14 hours; with artificial light, it had a half=-life of
30 hours, indicating that dinoseb is subject to photolytic degradation
(Dinoseb Task Force, 1985a).

¢ In water with natural sunlight, dinoseb had a half-=lifa of 14 to 18
days; with artificial light, it had a half-life of 42 to 5B days
(Pinoseb Task Force, 1985b).

With scil thin-layer chrcmaiography plates, dinoseb was intermediate

to very mobile in silt loam, sand, sandy loam and silty clay loam
(Dinogeb Task Force, 1985c}).

#*
¢ BSoil adsorption studies gave a K4 of less than 5 for four scils: a
Bilt loam, sand, sandy loam and gilty c¢lay loam, with organic matter
content of 0.8 to 3% (Dinoseb Task Force, 1985d).

11I. PHARMACOKINETICS
Absorption

¢ Pollowing oral administration of dinoseb to rats (Bandal and Casida,
1972) and mice {Gibson and Rao, 1973} (specific means of administration
not specified), approximately 25% of the administered dose appeared in
the feces. However, following intraperitoneal (ip) administration in
the mouse, approximately 40% appeared in the feces, thus suggesting

to Gibson and Rao (1973) that dincseb is initially complately abacrbed
following oral administration with subsequent secretion into the gut.

Digtribution

¢ PFollowing oral administratlpn of dinoseb in the mousze (specific means
of administration not specified), no appreciable amounts accumulated
in the blood, liver or kidgey.(Gibson and Rao, 1973).

7
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Metaholism

® While the metabolism of dinoseb has not been completely characterized,
a number of metabolites have been identified including: 2=-(2=-butyric
acid)~4,6-diaminophencl, 2~(2-butyric acid)=~4,6~dinitrophenol, 2-sec-
butyl=4-nitro=-6-aminophenol, 2-sec=butyl-4-acetamido=-6-nitrophencl and .
2=-(3-butyric acid)~4,6-dinitrophenol (Ernst and Bar, 1964; Froslie and
Karlog, 1970; Bandal and Casida, 1972).

Excretion

* In mice, dincseb is excrsted in Soth urine (20%) and feces (30%)
following oral adminisgtration (specific means of administration not
apecified) (Gibgon and Rao, 1973).
IV. HEALTH EFFECTS
Humans .
Short-term Exposure

° While minimal data are available concerning human toxicity, at least A
one death has been attributed to an accidental exposure of a farm worker
to sprayed dinoseb and dinitro-ortho~cresol (Heyndrickx et al., 1964). &

Long-term Exposure

® No information on the long~term health effects of dinoseb in humans
was found in the available literature.

Animals

Short-~term Exposure

¢ In rats and mice, the acute oral LDgy of dinoseb ranges from 20 to
40 mg/kg {(Bough et al., 1965).

Dermal/Ocular Effects

* 1In rats, the acute dermal toxicity of dinoseb ranges from 67 to
134 mg/kg (Noakes and Sanderson, 1969).

* No other information on the dearmal or ocular effects of dincaeb in
animals was found in the available literature.

Long=term Exposure

° Hall et al. (1978} reported the results (abstract only)} of a feeding
study in male and female rats. Elght groups of rats, each group :
compoged of 14 males and 14 females, were e¢xposed to levels of 0, S50,
100, 150, 200, 300, 400 or 500 ppm of dinoseb (80% pure) in the diet
for 133 days, respectively. Assuming that t ppm in the diet of rata

: %:5 50
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13 equivalent to 0.05 mg/kg/day (Lehman, 1959), these levels corregpond
to 0, 2.5, 5.0, 7.5, 10.0, 15.0, 20.0 and 25.0 mg/kg/day. Mortality
was obgerved at 300 ppm (15 mg/kg/day) and above, and growth was
depressed at all dose levels. The LOAEL for this study was identified
as 50 ppm (2.5 mg/kg/day),. the lowest dose teated.

In a €-month dietary study by Spencer at al, (1948), groups of male
rats wera expcsged td dinoseb (99% pure) at levels of 0 (30 animals),
1.35, 2.7, 5.4 (20 animal)s) and 13.5 mg/kg/day (10 animals). Based
on increased mortality at the highest dose and increased liver weight
at intermediate Goses, the No-Observed-Adverge-Effect Level { NOAEL)
for dinoseb was identified as 2.7 ng/kg/day.

In a study submitted to EPA in support of the registration of dinoseb
(Hazlaton, 1977), four groups of ratas (60/3ex/dose) were exposed to
dinogeb (purity not apecified) in their diets for periods up to two
Years at dose levaels of 0, 1, 3 and 10 mg/kg/day, reapectively.
Although no evidence of dose-related changes in higtopathology,
hematology, blood chemistry or cartain other parameters were cbsarved,
a dose-related decrease in mean thyroid weight was observed in all
treated males. The LOAEL in this study was identified as 1 mg/kg/day.

Reproductive Effects

In a reproduction study by Linder et al. (1982), four groups of ten
male rats sach were axposed to dinoseb {97% pure) in the diet at
lavels of 0, 3.8, 9.1 or 15.6 mg/kg/day over an 11-week period,
respectively. In addition; a group of five animals was exposed to
22.2 mg/kg/day. The fertility index was reduced to 0 at 22.2 mg/kg
and to 10% at 15.6 mg/kg/day; in neither case did the fertility index
improve in 104 to 112 days following treatment. A variaty of other
effects were seen at levels of 9.1 mg/kg/day and higher, including
decreased weight of the seminal vesicles, decreased sperm count and
an increassd incidence of abnormal sperm. The NOAEL for dinoseb in
thia study was 3.8 mg/kg/day based on a decrease in sperm count and
other effecta at higher levels.

In a two~generation rat reproduction study (Irvine, 1981), four groups
of rata (25/sex/dose) were expcsed to 0, 1, 3, and 10 myg/kg/day of
dinogedb in the diet for 29 weeks. although no reproductive effects
wers observed in thia gtudy per se, a decreass in pup body weight was
obgerved at day 21 post-parturition for all dose lsvels. Thua, based
on a compound-related depression in pup body weight at all dosge
levels, the LOAEL in this study was 1 ng/kg/day.

Daveloggental-nffects

Although dinoseb has been reported to be teratogenic {e.g., oligodactyly,
imperforate anus, hydrocephalus, etc.) when administered to mice
intraperitoneally (Gibson, 1973), it was not teratogenic when admini=~
stered orally to mice (Gibson, 1973; Gibson and Rao, 1973) or rats
{Spencer and Sing, 1982). -
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*» Dpinoseb (95% pure), administered to pregnant rats in the diet on
days 6 through 15 of geatation, produced a marked raduction in fetal
survival at doses of 9.2 mg/kg/day and abova but not at doses of
6.9 mg/kg/day {NOAEL) and below {Spencer and Sing, 1982).

e o Dpinoseb (purity n&t specified) was without effect in a atudy in which
: pregnant mice were orally expogsed to a single dose of 15 mg/kg/day
r (Chernoff and Kavlock, 1983}, -

¢ In a developmental toxicity study by Research and consulting Company
(1986), four groups of 16 Chinchilla rabbita werse axposed to dinpseb

‘ {98% pure) by oral gavage at Jsvels of 0, 1, 3 or 10 mg/kg/day from
t : day 6 to 18 of gestatlon. At .the highest dose level dinoseb produced
Y a statistically significant ncrease in malformations and/or anomalies
| when compared to the controls, with external, internal {body cavities
and cephalic viscera) and skeletal defects being cbserved in 11/16
litters examined. Neural tube defects, the major developmental toxic
effect, included dyscrania associated with hydrocephaly, scoliceis,
; . kyphesis, malformed or fused caudal and gacral vertebraa and
encephalocele. The NOREL for dinoseb in this study was jdentified as
3.0 mg/kg/day, based on the occurrence of neural tube defects at the
highest dcae level.

¢ In a study by the Dinoseb Tagk Forca (1966), developmental toxicity
was observed in Wistar/Han rats. Groups of 25 rats received dinoseb
(purity 96.1%) by gavage at levels of 0, 1, 3 or 10 mg/kg/day from
day 6 to 15 of gestation. Developmental toxicity was observed at the
high dose as avidenced by a slight depraeasion in fetal body weight,
increased incidence of absence of skeletal ogsification for a number
of sites and an increase in the number of supernumerary ribs. Slight
to moderate decreases in Ledy weight gain and food congumption werse
observed in dams at the intermediate- and high=dcse levels. Based on
the occurrence of developmental effects at the highsst dose level, 2
NOAEL of 3.0 mg/kg/day was identified.

Mutagenicity
Iw

¢ wWith the exception of an increase in DNA damage in bacteria (Waters,
et al,, 1982), dinoseb was not mutagenic in a number of organisms
including Salmecnella t himurium, Escherichia coli, Saccharomyces
cerevigiae, Droscphila melanogaster or Bacillus subtilig (Simmon
et al., 1977; Waters et al., 1982; Moriya et al., 1983).

CArcinogenicitI

* No evidence of a carcinogenic response was obsarved in a 2-year
chronic feeding study in which dinoseb was administered to rats at
;evels as high as 10 mg/kg/day (Hazleton, 1977).
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' V. QUANTIFPICATION OP TOXICOLOGICAL EFFECTS

Health Advisories (HAs) are genearally determined for one=-day, ten-~day,
longer-term {up to 7 years) and lifetime exposures if adequate data are
avallable that identify a sensitive honcarcinogenic end point of toxicity.

The HAs for noncarcinogenic toxicants are derived using the following formula:

HA = (NOAEL or LOAEL) x (BW) = L (— ug/L
(UF) x (___ L/day) na/L | us/L)

where:
NOAEL or LOAEL = No- or Lowest~Observed-Adverse~Ef fact Level
in mg/kg bw/day.

BW = agsumed body weight of a child (10 kg) or
an adult (70 kg}.

UF = uncertainty factor {10, 100, 1,000 or 10,000),
in accordance with EPA or NAS/ODW guidelines.

L/day = assumed dally water consumption of a child
{1 L/day) or an adult (2 L/day).

Ons~day Health Advisory

No information was found in the available literature that was suitable
for determination of the One~day HA value. It is thersfore recommended that
the Ten-day HA value for a 10-kg child (0.3 mg/L, calculated belew) be uged
a3 a congervative estimate of the One-~day HA valus.

Ten-~day Health Advisory

The rabbit developmantal toxicity,study (Research and Consulting Co.,
1986} in which dinogeb produced neural tube defects at doses greater than 3
mg/kg/day {(NOAEL) was selacted as the basis for determination of the Ten-~day
HA. While it is reasonable to base a Ten-day HA for the adult on a positive
davelopmental toxicity study, thers is some question as to whether it is
appropriate to bage the Ten-day HA for a 10-kg child on a such a study.
However, since this study is of appropriate duration and since the fetus may
be mors sensitive than a 10-kg child, it was judged that, while it may be
overly conservative, it is reasonable to base the Ten-day HA for a 10-kg s
chiid on such a atudy.

Using a NOAEL of 3.0 mg/kg/day, the Ten-day HA for a 10-kg child is
calculated as followat

Ten-day HA = (3.0 mg/kg/day) (10 kg) = 0.3 mg/L (300 ug/L) _
{160) (1 L/day)

wharae:

3.0 mg/kg/day = HOAEL, based}dn the absence of teratogenic effectsa
“"in rabbits.
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10 kg = assumed body weight of a child.

100 = uncertainty factor, chosen in acqordance'with EPA
or NAS/ODW guidelines for use with a NOAEL from an
anjimal study.

1 L/day = assumed dailf'watur congumption of a child.

Longer-term-ﬂealth Advigory ;

The Hall et al. {1978) 153~day dietary Ainoseb study in rats was
originally selected to serve as the basis for determination of the Longer=
teorm HA (decreased growth was cbserved at all exposure levels with a LOAEL of
2.5 mg/kg/day). Subsequently, however, A& two-generation reproduction study
in rats (Irvine, 1981) was identified with a LOAEL of 1 mg/kg/day (baged on a

‘decrease in pup body weight at all dose levels)., BSince a reproduction study

is of appropriate duration, the Irvine (1981) study has been selacted to serve
as the basis for determination of thae Longer=term HA.

Using a LOAEL of 1 mg/kg/day, the Longer=-term HA for a 10-kg child is
calculated as follows:

Longer-term HA = (1.0 mg/kg/day) (10 kg) = 0,010 mg/L {10 ug/L)
g 11,000} (1 L/7day) b i

where!
1.0 mg/kg/day = LOAEL, based on decreaged pup body weight.

10 kg = assumed body welght of a child.

1,000 = uncertainty factor, chosen in accordance with EPA ‘%
or NAS/ODW gulidelines for use with a LOAEL from an
animal study.

1 L/day = assumed daily water consumption of a child. ﬁ

The longer-term HA for a 70-kg adult is calculated as follows:

Lo ~tarm HA = (1.0 mg/kg/day) (70 kg) = 0,035 mg/L (40 ug/L
nges (1,000) (2 L/day) /L (40 ug/L)

where:

1.0 mg/kg/day = LOAEL, based on decreased pup body welght.

70 kg = agsumed body welght of an adult.
1,000 = uncertalnty factor, c¢hosen in accordance with EFA

or NAS/ODW-guidelines for use with a LOAEL from an

animal study. Y

2 L/day = assumed daily water consumption of an adult.

-
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Lifetime Health Advisory-

The Lifetime HA represents that portion of an individual's total exposure
that is attributed to drinking witer and is considered protective of noncar-
cinogenic adverse health effects‘over a lifetime exposure, The Lifetime HA
is derived in a three-step process. Step 1 determines the Reference Dose &
(RfD), formerly called the Acceptable Daily Intake (ADI}. The RfD is an esti=- o
mate of a daily expogure to the human population that is likely to be without HH
appreciable risk of deleterious effects over a lifetime, and is derived from i
the NOABL (or LOAEL), identified from a chronic (or subchronic) study, divided i,
by an uncertainty factor(s). Frem the RfD, a Drinking Water Eguivalent Level :
(DWEL} can be determined (Step 2). A DWEL is a medium-specific (i.e., drinking
water) lifetime exposure level, assuming 100% exposure from that medium, at
which adverse, noncarcinogenic health effects would not be expected to cccur.
The DWEL is derived from the multiplication of the RED by the assumed body
weight of an adult and divided by the assumed daily water consumption of an
adult. The Lifetime HA is determined in Step 3 by factoring in other sources
of exposure, the relative source contribution (RSC). The RSC from drinking
water is based on actual exposure data or, if data are not available, a
value of 20% is assumed. If the contaminant is classified as a Group & or B
carcinogen, according to the Agency's classification scheme of carcinogenic
potential (U.S. EPA, 1986), then caution should be exercised in assessing
the risks associated with lifetime exposure to this chemical.

The 2-year dietary rat study by Hazelton (1977) was selected to
serve as the basis for determination of the Lifetime HA. 1In this study, a
compound-related decrease in mean thyroid welghts was observed in all males
(LOAEL = 1 mg/kg/day) treated wifh dinoseb {purity not specified).

Using 2 LOAEL of 1 mg/kg/day, the Lifetime HA for a 70-kg adult is
calculated as follows:

Step 1: Determination of the Reference Dose (RED)

RED = (1 mg/kg/day) = ¢, 001 mg/kg/day
(1,000)

where:

' mg/kg/day = LOAEL, based on decreased thyroid weight in male rats
eéxposed to dinoseb via the diet for up to 2 years.

1,000 = uncertainty factor, chosen in acgordance with EPA
©r NAS/0DW guidelines for use with a LOAEL frem an
animal study.

Step 2: Determination of the Drinking Water Equivalent Level {(DWEL)

DWEL = 10.001 mg/kg/day) (70 kg) = 0,035 mg/L (40 ug/L)
(2 L/3ay)

LA
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where:

70 kg = assumed body weight of an adult.

2 L/day = agssumed daily water congumption of an adult.

: Step 3: Determination of the Lifetime Health Advisory

Lifetime HA = {0.035 mg/L) (20%} = 0.007 mg/L (7 ug/L)

it

whera:

i 0.035 mg/L = DWEL.

; 20% = assumed relative source contribution from water.

Evaluation of Carcinogenic Potential

é * No evidence of carcinogenicity was found in a 2w=year dietary study
' in which dinoseb was administered to rats at levels as high ag 10
mg/kg/day (Hazleton Labs, 1977},

* The International Agency for Research on Cancer has not evaluated the
carcinogenic potential of dinoseb.

® Applying the criteria described in EPA's guidelines for assessment
of carcinogenic risk {(U.S. EPA, 1986), dinoseb is classified in
Group D: not classified. This group is for agents with inadequate
human and animal evidence of carcinogenicity.

-

VI. OTHER CRITERIA, GUIDANCE AND STANDARDS i

®. Tolerances have been established for dinogeb (CFR, 1985) at
0.7 ppm on a wide variety of agricultural commodities.

* The EPA RfD Workgroup approved a 0.001 mg/kg/day RED for dinosab.

The EPA RfD Workgroup is an EPA wide group whose function is to
ensure that consistent RfD values are used throughout the EPA.

VII. ANALYTICAL METHODS

® Analysis of dinoseb is by a gas chromatographic (GC) method applicable 3}
to the determination of certain chlorinated acid pesticides in water
samples (U.S. EPA, 1985). 1In this method, approximately 1 liter of
sample is acidified. The compounds are extracted with ethyl ether
using a separatory funnel. The derivatives are hydrolyzed with
potassium hydroxide, and extraneous organic material is removed by
a solvent wash.  After acidification, the acids are extracted and ;
converted to their methyl esters using diazomethane as the derivatizing'

%
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agent. FExcess reagent is removed, and the esters are determined by
electron capture GC. The method detection limit has been egtimated
at 0.07 ug/L for dinosgeb.

1. TREATMENT TECHNOLOGIES

The treatment technologies which will remove dinoseb from water inelude
activated carbon and ion exchange. DNo data were found for the removal
of dinoseb from drinking water by conventional treatment or by aeration.
However, limited data suggest that aeration would not be effegtive in
the removal of dinoseb from drinking water (ESE, 1984).

Becker and wilson {1978) reported on the treatment of a contaminated
lake water with three activated carbon columns operated in series.

. The columnsg processed about 2 million gallons of lake water and

achieved a 99,98 parcent removal of dinoseb. Weber and Gould (t9686)
performed successful isotherm tests using Columbia LC carbon, which

is coconut based, and reported the following langmuirian equilibrium
constantsi .

b = 444 mg dinoseb per g of carbon
1/b = 1,39 mg/L

Though the Langmir equation yrovides a good fit over a broad
concentration range, greater adsorption would probably be achieved at
lower concentrations (less than 100 ug/L) than predicted by using
these constants.

Weber (1972) has classified dinoseb as an acidie pesticidar and such
compounds have been readily adsorbed in large amounts by ion exchange
resins., Harris and Warren (1964) studied the adsorption of dincseb
from agueous solution by anion exchanger (Amberlite® IRA~400) and a
cation exchanger (Amberlite® IR-200). The anion exchanger adsorbed

dincseb to less than detectable limits in solution.
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am Office. The regulatory actions in Section IV may not bs basesd on the
most currant risk assessment, or may be basad on a curvresnt, but unreviswed,
risk assessment, and may take into account factors other than health effects
(2.g9., treatment technology). When considéring the uszse of regulatory action
data for a particular situation, note the date of the requilatory action, the
datez of the most recent risk asssasment relating to that action, and whathar
technological factors were considersd. Background information and explan-
ations of the meathods used to derive the valuses given in IRIS are provided in
the five Backgreound Documents in Zervica Code 5, which correspond te Szctions
T through VvV of the chemical files.
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_I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS

__I.A., REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RTD)

substance Name -- Atrazine
CCASRN -- 1§12-24-9
- Last Revised -- 01/01/91

o

The Rﬁference_Dose_(RfﬁfuiS based on the ééﬁumptfgn‘fﬁﬁt thresholds exist for:

. certain toxic effécts such as ceilular necrosis, but may not exist for other . . 'j
toxic effects such as.carcinogepicity. 1In, igeneral, the RFD is an sstimste ST
- {with uncerta1ntv spanning perhdps an ordef of magnm&ude} of a #ally exposure, - i

to the human. population (including sensitive’ subggoﬁbﬁ gpat is 11ke1y to be

without an appreciable risk of deleterious effects during a Tifetime. Please ¥

refer to Background Document 1 iy Service Code &% for an elaboration of thése

‘-concepts. RFfDs can ‘alse be- deri sdifor the noncarc1nogen1c health effects of w

campounds which arg a)so chréinogensi . Therefore, it is éssential to refer to ..

5 other sources of ikformation conéerning the carcinogenicity of this substance..

t If the U.S. EPA has evaluated .this substance for- ﬁotqnt1a1 human carc1nogen*

@ joity’, a-ﬁummary of that avadlyation will be contained in Section II of th?g
file whan a reV}ﬂw af thst evaluat1cn is comp1e@ed. .

'k‘w;d' SRR L T

k <<< Atraz15§_ >>> e
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" I.A.1. ORAL RFD SUMMARY

Critical Effect Experimental Doses# WF MF RTD
Decreased body weights NOEL: 10 ppm 100 1 5E-3

of F2 genszration pups (0.% ma/kg/day) . mg/ko/day
on postnatal day 21 e
LEL: 50 ppm
2~Ganeration Rat {2.5 mg/ka/day)
Reproduction %tudy

Ciba-Geigy, 1887a
¥*Convarsion Factors: 1 ppm = 0,05 mgfkg/d ay {assumad rat food consumption)
<< Atrazine >>>
T.A.2., PRINCIFAL AND SUPPORTING STUDIES {ORAL RTO)

Ciba-Geigy Corporation. 1987a. MRID No. 40431303.
Available from EFA, Write to FOI, EPA, Washington, DT 20460.

In 2 2-gensration reproduction study, 120 rats/sex were randomly

Cdistributed into 4 treatment groups and f=d atrazine at 0, 10, %0, or 500 ppm

e

(0, 0.5, 2.5, and 25 ma/kg/day). Exposure to the test material began when
male rats were 47 davs old and females were 48 days old. They were maintained
on these diets for 10 weaks priocr fto mating., Males and Temales were housed
together in a 1:1 ratio and allowad 2 weeks for mating. The rats were
separated following evidence of mating. One litter was produced in each
generation. After weaning, 20 males and 30 females from the first genﬁrat1on
ware salected to be the second parental gensration. The remaining males .
parental animals were sacrificed on davs 133 to 134 of the study. Animals
selacted for the second generation were s2xposed to test diets for 12 w2eks
prior to mating. Mating was conducted in the samg manner as for the first
genperation. Parantal males weare sacrificed on day 138 of the study and
parental females on days 138, 139, and 152 after weaning of their 1itters..

The NOEL for rﬁptoduct1ve toxicity is 10 ppm (0.5 may/kg/day) based on .
statistically significantly lower F2 generation pup weights at postnatal dav
21 at 50 and 500 ppm (2.5, and 25 mg/kg/day). The NGEL for parental toxicity
is %0 ppm (2.5 ma/kg/day) based on statistically signficantly decreasad body
weights, body weight gain and food consumption for males and females
throughout the study at 500 ppm {25 mg/kg/day). In addition, & statistically
significant increase in relative testes weights was seen in both genarations.

<<€ Atrazine >>>
I.A.3. UNCERTAINTY AND MODIFYING FACTORS {ORAL RTD)

UFE = 100. ﬂh:uncertainty factor of 100 was used to account for the }nter~ and

“intraspecies differences.

ME = 1.
<<< Atrazine >>>

T.A.4. ADDITIONAL COMMENTS (ORAL RFD)

Data Considered for Establishing the RfD

1) 2-Generation Reproduction - rat: gee previocus description; corse Qradé

minimum {Ciba-Geigy Corp., 1887a)

2} t1-Year EFeeding - dog: Dietary levels tested: 0, 1%, 150, and 1000 ppm :
{Male: 0, 0.48, 4.97, and 33.65% mg/kg/day; Female: 0, 0.48, 4.97, and 33.8
mg[kg/day} NOELw150 ppm (4,97 mgxkg/day}, LEL=1000 ppm (ua mg/kg/dav)
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weight gain, dacreased fcod conaumpt1on, EKG changes [1fregu1ar heart beat
and increased heart rate, decreasse P~II values, atrial premature complexes,
atrial fibrillation]; cardiac lesions [dilation of atria, atrial
deganeration]); core grade minimum {(Ciba~Geigy Corp., 1987b)
2-Year Feeding {(oncogenic) - rat: D[Dietary lsvels tested: 0, 70, 500, and
1000 ppm (0, 3.5, 25, and 50 mg/ka/day). Administration of atrazine to
mala and femals CO-1 Sprague-Dawley rats resulted in decreased mean body
wzights for malas and females receiving 500 and 1000 ppm. Survival was
decreased in hiah-dosz f=males but increasad in high-dose malas. Rad blocod
cell parameters {(hamogloebin, hzmatocrit, and rad ce2l]l count) were decreassd
in high-dose famales only., The serum glucose lavel was dscreased in high-
doze Temalez at 2, 8, and 12 months and serum triglyceride levals showed a —_—
decreasing trend in high-dose males throughout the study. There were
decreases in organ~to-body waiaht ratios in high-dose animals, which wers
probably the rezult of body weight dacressses. Hyperplastic changss in
high-dose males {mammary gland, bladder, and prostats) and females (mysloid
tissu= of bonz marrow and transitional epithelium of the kidney) were of
guestionable toxicologic importance. There was an increase in retinal
deganaration and in centrilobular necrosis of the Tiver in high-dose
females and an increase in degersration of the rectus famoris muscle in
high~dosse males and females when comparaed to contrels. Based on decreased
body weight gain, the LEL for males and females s 500 ppm (25 mg/ka/day)
and the NOEL i3 70 ppm (3.5 mg/kg/day); core grade minimum (Ciba-Geigy
Corp., 1986)
Davaelopmental toxicity - rat: Distary levels tested: 0, 10, 70, and 700
mg/ka/day {(by gavage). Administration of atrazine technical to Charles
River CD rats from days 6 to 15 of gestation resulited in maternal toxicity
during and after the treatment pariod at ths high-dose. Signs of toxiaity
at the high-dose inciuded desath {21 of 27 dams), reducad food consumption,
reduced weight gain, salivation, ptosis, swollen abdomen, oratl/nasal
dischargs, and bloody wulva. Maternal toxicity was also found at the 70
ma/ska/day dose Tevel., Toxicity signs 1o this group incliuded reducsa Tood
consumption, reduced body weight, and reduced weight gain. No maternal
toxicity was obssarved in ths 10 mg/ky/day or control groups. Bassd on the
above effacts, the matsrnal toxicity NCFL iz 10 mg/kg/day and the LEL iz 70
ma/kg/day. At 70 mgikalday, thare were steatistically significant increases.
in both fetal and litter incidences for skeletal variations indicating
delaved ossification., Variations included: skull not completely ossified,
metacarpals not ossified, metacarpals bipartite, and phalanx not ossified.
Rased on theze sffects tha NOEL and LEL for developmantal toxicity are 10
and 70 mg/ka/day, respectively.; core grade minimum (Ciba-Geigy Corp.,
1984a)
Developmental toxicity - rabbit: Uietary levels tested: 0, 1, 5, 78%
mg/kg/day (by gavage). Administration of atrazine technical to Naw Zealand
white rabbits from days 7 to 19 of gestation resulted in maternal toxicity
during the treatment period at doses of & and 75 mg/ka/day. Does in the 75
mg/kg/day group did not recover from symptoms of this toxicity during the
period after dosing. Signs of maternal toxicity in the 5 mg/kg/day dose
group were decreased food caﬁﬁumpt1on and decreased body weight., Signs of
maternal toxicity in the high- -dose. group included blood on vulva or in
cage, decreased food consumption, abnormal =tools, and decreased body
waight and body weight gain. No effects were observed at the lowest dose
tested, 1t ma/kg/day. Based on the above effects, the maternal toxicity
NOEL fs 1 mg/kg!dav and the LEL 5 mg/kg/day. An increased number of
resorptions in the HDT was 5tat13t1ca1lv ‘significant and was not observed
at any other dose level.. In the HOT, the weights of both the male and
female fetuses were s1gn1f1cant1v reduced Ne compound-related
ma1format1ons were observed. Ske1eta1 war1ations, especially delayed N
ossifitation of “appendicular” ‘dhel¥tal. elements, wére found more frequentTy
in the: % Bagsed on the.above effects, the. deve1opmenta1 toxiocity NOEL is
5 mgé%gfday and the LEL. ?5 mg/kg/day, core grade m;n1mum (C1ba Ge1gy Corp.,
to8L

Other Data Reviewed:
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4 ppm (Male: 0, t.4, 38.4, 194.0, and 385.7 mg/kg/day; Female: 0, 1.6, 47.9,
246.,9, and 482.7 mg/ka/day). This study shows that there are dose-related
effects of atrazine in CD-1 mice fed diets containing 1500 or 3000 ppm of
atrazine. The dose-relatsd affects were the production of cardiac thrombi,
decreasses of 23.5% and 11.0% in the mean body weight gain at 91 weeks in
males and femaliss, respectivsly, and decrsases in 2rythrocyte count, _
hematocrit and hemoglobin concentrations An increass in the incidence of
cardiac thrombi was found in females raceiving 1500 and 3000 ppm. Based on
the abovae effects, the LEL for systemic toxicity i3 1500 ppm {(Male: 1384.0
ma/ka/day; Femals: 2u6.9 ma/ka/dayy. The NOEL for systemic toxicity is 300
ppm (Male: 38.4 mg/kg/day; Female: 47.9 mg/ka/day).: cors grade guidsaline
{(Ciba-Geigy Corp., Agricultural Division, 1987c)

2y 2-Year Feeding - dog: Dietary levels tested: 0, 14.1, 141.5%, and 1415 ppm
(0, 0.35%, 3.54, and 35.38 mg/ka/day). The NOEL for systemic toxicity is
ib.1 ppm (0.35 mg/ka/day) based on increassd heart and lTiver waights in
females at 141.5 ppm (3.54 ma/kg/day). Effzcts observad at 141% ppm (35.38
ma/ka/day) includad reduced food intake, decreassd body weight, and reducsd
hemoglobin and hematocrit values. core grade supplementary (Ciba-Geigy
Corp., 1964

3) Developmental toxicity - rat: Dietary levels testad: 0, 100, 500, and 1000
mg/ka/day. Administration of atrazine at 1000 mg/kyg/day produced 7 deaths
in the 30 damz treated, 5Slight weight lossez in females were observed at
500 ma/kg/day. A reduction in m=an fetal weights and an increase in thes
number of ambryonic and fetal rasorptions werse obssrved in the mid- and
high-dose groups. Based on tha above affects, the maternal toxicity and
fetotoxicity NOEL and LEL are 100 and 500 mg/kg/day, respsctively; cors
grade minimum (Ciba-Geigy, Corp., 1871}

Gata Gap{(s): MNone
<< Atrazine 2>

I.A.5, CONFIDENCE IN THE ORAL RTD

Study:  High
Data Base: High

RfO: High

The critical study is of good quality and is given a high confidence
rating. Additional studies are supportive and of good quality; therafore, the
data base is given a high confidence .rating. High confidence in ths RTfD
Tfollows. '
<< Atrazine >>>
7 I.A16.' EPA DOCUMENTATION AND REVIEW OF THE ORAL RfD

The only U.5. EPA documentation at present s on IRIS.
. Pesticide Registration Standard
ik S E o

. Pesticide Registraticn Files
Agency Work Group Review: 07/08/86, 12/08/86, 05/20/87, 06/22/88, 02/21/80

verification Date: 02/21/90

I.A.7. EPA CONTACTS (ORAL RFD) -
George Ghali / OPP -- (703)557-7490 / FTS 557-7480

| Reto Engler / OPP .-~ (703)557-7481 / FTS 557-7491

Y e I



T.6. REFERENCE CONCENTRATION FOR CHRONIC INMALATION EXPOSURE (RTC)

cybstance Name -~ Atrazine
CASRN -~ 1912-24-9

Not available at this time,
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IT. CARCINOGENICITY A

substance Nama -- Atrazine
CASRN -~ 1812-24-9

This substance/anent has besen evaluated by the U.5., EPA for evidancs of
human carcincgenic potential. Thiszs does not imply that this chemical s
necesszarily a carcinogen., The evaluation for this chemical is under
review by an inter-office Agsancy work group, A risk assessment summary
will be included on IRIS when the revisw has bean completad,.

P R S T T R AR R R R R R e

WW}II.A. DRINKING WATER HEALTH ADVIZORIES
zubstance Nama -- Afrazine
CASRN -- 1812-24-9

Mot available at this time.

__IIT.B. OTHER ASSESSMENTS

suybstance Name -- Atrazipe
CABRN ~-- 1812-24-8 :

: Cohfeﬁf to be determined.’

a

P . : L
_IVY ULST EPA REGULATORY ACTIONS
r‘éubstancé Name -- Atrazine
: CAS%N ~= 1912-24-8

-

Not available at this tim@.'
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Y, EUPFLEMENTARY DATA
Substance Name -- Atrazine

CAGRN -~ 1812-24-9

Not availabls at thisz time.
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VI, BIBLTOGRAPHY

Substance Name -~ Atrazine
CASRN ~- 1912-24~3
lL.ast Revised =-- 05/01/90

VI A, ORAL RTD REFERENCES

Ciba-Geigy Corporation. 1964, MRID No. 000589213, Available from EFA. Write
to FOT, ERA, Washington, DT 20460,

Ciba-Geigy Corporation. 18771, MRID No. 00038041, Available from EPA. Write
to FOI, EFA, Washington, 0C 20460,

"Ciba-Geigy Corporation. 1884a. EPA Accession No. 254979, Available from
EPA. Write to FOL, EPA, Washington, DT 20460,

Ciba-Geigy Corporation. 1984b . EPA Acgcassicn Mo, 254879, Available from
EPA. Write to FOI, ERA, Washington, DC  20460.

Ciba-Geigy Corporation. 1986, EPA Accassszion No. 262714-262727. Availtabls
from EPA., Write to FOI, £EFA, Washington, DC 20460,

Ciba-Geigy Corporatiocon, Agricultural Division, 1987a. MRID No. 40431303,
Available from EPA. Write to FOI, EPA, Washington, DC 20460,

Ciba-Geigy Corporation, 1987b, MRID No. 40431301, Available from EPA.
Wrrite to FOIL, EPA, Washington, DC 20460,

L'Ciba~Geigv Cofporation, asgricuttural Division, 1987¢. MRID No. &40431302.

‘available from EPA. Write to FOI, EPA, Washington, DC 20460,
mresbeen < Atrazine DPDo-----ee- _ oy QH'

__VI.B. INHALATION RfD REFERENCES

L <K< - Atrazine O>0>----eowew

VI.C. CARCINOGENICITY ASSESSMENT REFERENCES

.



None
= = — <<<  Atrazing OO - e------

VI.B. DRINKIMNG WATER HA REFERENCES
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BYNONYMS

Substance Name -~ Atrazins
CASRN == 1912-24-9
lL.ast Revised ~-- 08/30/87

i912-24-9
A 381
AATREX
AATREX 4L
AATREX 80W
AATREX NINE-O
2 -AETHYLAMING~4~CHLOR-6~TS0OPROPYLAMING X
2-AETHYLAMINO-4~TS0OPROPYLAMING-6-CHLOR-1,
AKTIKCN
AKTIKON 0¥
AKTINIT A
AKTINIT PK
ARGEZIN
 ATAZINAX
ATRANEX
 ATRASINE
ATRATCOL A
ATRAZIN
Atrazine
 ATRED
- ATREX
- CANDEY
CCEKUZINA-T
2-CHLORO-4-ETHYLAMINEISOPROPYLAMINE -5~ TRIAZINE
1-CHLORO~3-ETHYLAMINO-5-ISOPROPYLAMINO~2 4 ,6-TRIAZINE
1-CHLono—a—ETHVLAMIN0~5~ISQPRQPVLAMInmwszRzAZINE
- 2~CHLORO~4~ETHYLAMINO-6-ISOPROPYLAMINO-1,3,5~TRIAZINE
 2~CHLORO-4~ETHYLAMINO~6-~ISOPROPYLAMINO-5-TRIAZINE _
 B~CHLORO-N-ETHY&=N'~( 1~-METHYLETHYL)1,3,5~TRIAZINE~2,4-DIAMINE
- 2-CHLORO=4- (2-pEOPVLAMINo)~6 ETHVLAMING s“TRIAZINE
 CRISATRINA -
* CRISAZINE . - . .
- CYAZIN ' .
- FARMCO ATRAZINE '
 FENAMIN
- FENAMINE = . _ ;
- FENATROL o : . - "
G 30027 B : o : -
- GEIGY 30,027 b *
- GESAPRIM -
. GESOPRIM

5-TRIAZIN
5-TRIAZIN

3,
3,

 GRIEFEX & o - L.

. HUNGAZIN - L ST .
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INAKOR

OLECGESAPRIM

PRIMATOL

PRIMATOL A

PRIMAZE

RADAZIN

RADIZINE

S5TRAZINE

TRIAZINE A 1294

s-TRIAZINE, 2*?HLGRO“A”ETHVLAMINO"B—ISOPROPVLAMINO*
1,3,5-TRIAZINE-2,4-DIAMINE, B-CHLORC-N-ETHYL-N'-(1-METHYLETHYL )~
VECTAL

VECTAL 5C

WEEDEX A

WONUK

ZEAZIN

ZEAZINE

Enter keywords or FRsad or 3can or Mail



ad,
risk assessment, and may take into account factors other than health-effscts
(e.g., treatment technology). When considering the uss of regulatory action
data for a particular situation, note the date of the rsgulatory action, the
date of thes most recent risk assessment relating to that action, and whether
technological factors were considersd, Background information and explan-
ations of the methods usad to derive the values given in IRIS are provided in
the five Background Documents in Service Code 5, which correspond to fections
I through V of the chemical files.

STATUS OF DATA FOR Dinosed

File On-bLine 01/31/87

Category (section) Status Last Revissd
Oral RFfD Assessment (I.A.) on-1ine 06/01/80
Inhalation RfD Assessment (I.85.) no data
Carcinocgenicity Asszesamant (II.) on-lins OB/ 01/890
Drinking Water Haalth Advisories (IXI.A.) no data

U.5. EPA Begulatory Actions (IV.) on=-1ine 03/01/88

T. CHRONIC HEALTH HAZARD ASSESSMENT FOR NONCARCINOGENIC EFFECTS

sybstance Name -~ Ginoseab
CASRMN -- 88-85-7
Last Revised -~ 08/01/90

The Reference Dose. (RfD) is based on the assumption that thresheolds exist for
certain toxic effects such as cellular necrosis, but may not exist for other
toxic effzcts zuch as carcincgenicity. In gensral, the RfD is an estimate
(with uncertainty spanning perhaps an order of magnitude) of a dally exposure
' to the human population (including sensitive subgroups) that is likely to be

- without an appreciable risk of deleterious effects during a 1ifetime. PRlease , .
refaer to Background Document 1 in Service Code 5 for an elaboration of these

- concepts. RfDs can also be derived for the noncarcinogenic health effects of
. compounds which are alsp carcinogens. Therefore, it is essential to refer to
- other sources of information concerning the carcinogenicity of this subdtance.
_ If the U.5, EPA has evalupted this substance for potential human’carcinogen-
“icity, & sufmary of that™ev#Tuation will be contained in Saction II of thisg

file when a regview of tpat evaluation is completed. n

<L Digoseb 20>

_ I.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfDo)

LI

T.A.1. ORAL RFD SUMMARY

Crdtical Effect Experimental Doses¥ UF MF. RFD



Decreasad ftetal NMOEL? noms 1300 1 te~3- .-~
waight ma/ka/day

LEL: 1 mg/kg/day r ) L
3-Generation Rat Mew = (0000 T2 N( L—f—gs:
reproduction Study S 0.L0f iy,

Dow Chemical Co., 1981a e ("°"")(oaaa-x_\ z 5‘3‘/3

<<< Dinosab  >>>

I.A.2. FPRINCIPAL AND SUPPORTING STURIES (ORAL RTDD
frow Chemical Company. f8981ta. MRID No. 00152875,
Available from EPA. Write to FOI, EPA, Washington, DC 20460,

Groups of 25 males and 25 female rats (2 littering groups/generation)
recaivad dinossb in their diet at concentrationsz of 0, 1, 2, and 10 mg/kg
bw/day for 29 wesks,

There was a consistent, compound-related depreszicon in body weight gain at
the high-dose in both adult males and females in the pre-mating period in all
three genarations, which continued in the treated males and females during
mating, post-mating, =tc. at ths high-dose concantration. Although the mzan
weight gains fiuctuate considerabiy, the maies continus To exhibit a Tower
waight at the high dose than ths controls during the pariod from mating to the
completion of the study. Thare continued to be a consisztent but slight
decrease in Temais weights during the gestation periocd in the a and b matings
in all threse gensrations at the high dose.

Examination of ths mean fatal Tndices indicated that fetal weights ware
affected by dinossb administration, but not consistently, throughout the
generations studied. GOecreased weight gains appear to occur in three of the
1ittering groups including Fla, F2b, and F3b. FO-->Fiba pup waights ware
diminished {(combinasd saexes) at day 21 at all dose levels compared with
controls and the percent weight increases were statisticaliy significant
Tower at all dose levels (p<0.5). This was reflected by the Tower pup weight
gains observed in the individual sexes at day 21 and indicates an sffect of
dinoseb on the pups during lactation since the pup weights at birth were
similar. Based on the findings for pup weights {decreased), a reproductive
LEL of 1 mg/kg/day (LDT) was determined, A reproductive NOEL was not
astablished.

<< Dinoseb S>>
I.A.3. UNCERTAINTV AND MODIFYING FACTORS (ORAL RTD)

UF = 1000. An uncertainty factor of 100 was used to account for the inter-
and intraspeciss differences. An additional UF of 10 was used to account for
- the lack of an 2stablizhed NOEL in the ¢ritical study and for the lack of

- chronie taxicity studies. ’

CME = 1.

e AL, ADDITIDNAL COMMENTS (ORAL RfD}

. A number of tox1co1og1c 1ﬁsues concehn1ng d1noseb have been r@1$ed B a L
result of the review of the dats base for the Registration Standard includings K
acute toxicity, lenticular opacities, teratogenicity, immunotoexicity,

- contamination with nitrosaminea, and testicular effects. Dinoseb is presently
under Emergency Suspension and is not in use. The FIFRA Science Adv1sorv
Panel has concurred with EPA on a developmental and reproductive r1sk .
assessment produced for Spec1a] Review, . L




Data Considered for Establishing the RfD:

1) 3-Genaration Reproduction - Frincipal study - see previous description;
core grade supplementary
2y 2-Gensration Reproduction {(continuation of 3I-gensration study) - rat:

Repraductive LEL=1 mg/kg/day [low viability index for control pups
(Fh to FB), inconsistency between the increased body weight changes in
this study and tha previous 3-ganeration study, and consistent decreases in
gonadal weights and gonadal weights/body weight ratics (Faa) at all doss
Tevelsls Bystemic LEL=1 mg/kg/day (based on trsatmesnt-reliated or
doss~related reductions in relative parental body weights with significant
decreasss at Tow and high dozes in F3 malaz): core grade supplementary {(Dow
Chamical Co., 1881b)
3) Developmental Toxicity (teratoloay) - rabbit: Developmental Toxicity
NOEL=3 my/kg/day [based on biological and statisticaily significant
increases in malformations and/or anomalies at the high dese (10 ma/kg/day)
with external, intarnal and skelatal defects observed in 11/18 litters
examined; brain/hpinal cord defects accounted for majority of developmental
toxicity and included dyscrania associated with hydrocephaly, hydrocephaly
alone, zcoliczis, malformed/fused caudal or sacral vertabrae and
sncephalocele]; Maternal NOEL=10 mg/kg/day (based on lack of significant
observabis systemic toxicity)y core grade minimum {American Hoachst Corp.,

1986a)

43y Teratology - rat: Developmental Toxicity NCEL=3 mg/kg/day [based on
relative increase in reported incidence of absence of ossification for
a numbeir of skeletal sites {phalangzal nuclesi, carvical vartshbras, atc.)
and supernumerary ribs (left or right sides of rib 14) at the high dose];
Maternal Systemic NOGEL=3 mg/kg/day (bassed on moderalte mean body wsight
depression); core grade supplementary (Amsrican Moszchszt Corp., 1986L)

Tthar Data kReviswad:

1} 2-Year Feeding - mousz: NOEL=nonz; LEL=1 mg/ka/day (LDT; cystic endo-
metrial hyperplasia and testicalar atrophy/degesneration with hypospesrmato-
genesis at all doses; lenticular opacitizs at 3 and 10 mg/kg/day {low-dose
animals not examined)]; core grade suppiementary (ChE studi=ss not
paerformed) (Dow Chemical Co., 1981¢)

Data Gap{(s): Chronic Rat fFeeding/Carcinogenicity Study; Chronic Dog Feeding
Study: Rat Developmental Toxicity Study; Rabbit Developmental Toxicity
Study

<< Dinoseh  >>>

~ T.A.5, CONFIDENCE IN THE ORAL RTD
Study: Low

Data Base: Low

Rfh: Low

The principal study appears to be ef adaequate qua11tv, in many . reSpects,
although only rated as core supplementary datay confidence in the study is

~considered low., Additiomal studies are supportive, but many data gaps remain;,

therefore, the data base is g1ven low confidence. Low confidence in the RFD
fc11ows. ﬂ ; .

T A.6. EPA DOCUMENTATION AND REVIEW OF THE ORAL RFD..

. ‘ " ° * ?‘ o . .

Draft Registration Standard, June 1986
Agency RFD Work Group Review: 0?]05?65, 07/22/85;*12/ﬁ9!86

Verification Date: 12/08/86 -




I.A.7. EPA CONTACTSE (QORAL RTD)

Reto Engler / OPP -- (703)557~7491 / FTS 557-7481

teorge Ghali / OPP -~ (703)557-7490 / FT5 §87-7490

- e=<<d Dinosab  30bweeee

I.B. REFERENCE DOSE FOR CHROMNIC INHALATION EXPOSURE (RfD1)

Not available at this tim=

CIT., CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

substance Name -~ Dinosab
CAZRN -~ 83-85-7
Last Revised -~ Q6/01/860

Section II provides information on three aspscts of the carcincgenic risk
assasssment for the agent in gquestion; the U.3. EPA ¢lassification, and quant-
itative astimates of risk from oral exposure and Trom inhalation exposurs.

The classification reflects a weight-of-evidence judgment of tha Tikeslihood
that the agent is a human carcinogen. The gquantitative risk zstimates are
presanted in three ways. The slope factor is the result of application of a
low~dose extrapolation procedure and s presented as the risk par mg/kg/day.
The unit.risk is the quantitative estimate in terms of either risk psar ug/L
drinking water or risk per ug/ecu.m air breasthed. The third form in which risgk
is presented s a drinking water or air concentration providing cancer risks
of 1 in 10,000, 1 in 100,000 or % in 1,000,000, Background Document 2
{Service Coda 5) provides details on the rationale and methods used to derive
the carcinogenicity values found in IRIS, Wssers are referred to Section I for
information on lona-term toxic effects other than carcinoganicity.

<<< Dinoseb >>>

IT.A. EVIDENCE FOR CLASSIFICATION AS TO HUMAN CARCINGGENICITY

__IT.ALT. WEIGHT”OF-EVIDENCE_CLASSIFICATION

‘.C1uss1f1cat10n -~ D3 not c]ass1f1ab1e as to hunan carc1nogen1c1%v _@w_

Bésis--w Dinoseb was not ghserved to be carcinogenic i tw&‘inadequaie gtudues*

in rats and in mice. In a third study, an increase in benign liver tumors in

- Female mice was not considered to be treatment-related., The-increasze wag much |

lower in the high-dose group than in the mid-dose group. - There were no
decreases in time to tumory nor ahy evidence of lesions in the liver, suech as

hypertrophy, hyperplasia, or degeneration, which are often a&socaated wdth
known hepatocellular carcincgens. = %3_ ST

IT.A.2. HUMAN CARCINOGENICITY DATA

" None.



<<<  Pinoseb  >>>
IT.A.3. ANTMAL CARCINOGENICITY DATA

Inadequata. In an unpublished report from Dow Chemical Company (1981)
male and female CD-1 mice (70/sex/group) wers Ted dists containing dinoseb at
0, 1, 3, and 10 mg/kg/day for 100 weeks. Survival was not affected by
exposure to the chemical. Howevar, body weight gain was significantly reducsd
in the mid- and high-dose fTemales indicating that an MTD was reached, At the
=nd of the study, the body weight gain of the mid- and the high-dose females
was 10 and 13% less than the controls, respectively, and no differences wers
found in the food consumption in thes treated group as compared to the
controls., FReproductive organs in males and Temales weare also affected:
cystic endometrial hyperplasia and atrophy were observed in femaless, and
hyvpospermatogenssis and degensration were seen in the testes of all the
treated males. These effects indicatad that an MTD hzd bzen reachsd,

Ginosseb induced statistically significant incrsases in 1iver adenomas in
female mice at the 3 and 10 mg/kyg/day dosss. Ths incidence was 0/57, 4/59,
7/60, and 5/58 for 0, 1, 3, and 10 ma/ka/day doses, respectively. Only one
sarcinoma was observed (in & low-dose femalse). There were no decrsaseas in
latency, no dosz-rasponse and none of the hepatocytic changes commonly
associated with carcincogens., Ths tumors were late-appearing (the first tumor
appeared after 78 weeks, and the remaining ongs after 100 weeks). :

Adjusting for animals at risk, OPP =stimated that the re=zulting incidences
ware 0/38, 4/38, 7/41, and /39 for the 0, 1, 3, and 10 my/kg/day dose groups,
sspectively. The reanalysis failed to show a s3igniticant positive trend.
Incorporating the historical control incidence of 0-10% did not changs the
conclusion of the report. Thare were no dzcreases in time-to-tumor, nor was

thzre any evidence of lesions in the Tiver, such as hypertrophy, hyperplasia
or degensration, which are often associated with known hepatoceilulanr
carcinogens. It 8 thus concliuded that the increass in liver adencomas may not

e attributable to dinoseab.

in a wwparatﬂ screening study, mice Talled to demonstrate significant
increass in tumors {(Innes et ail. 189649)., Two strains of mice (hybrids of
famale CH5IBL/E and mals C3H/Anf'or AKR mice, 18/sex/group) were exposasd to
dinoseb for 18 months. The animals were first exposed via gavage at 2.15
ma/kg/day for 3 weeks beginning at 1 week of age, then they were fed a diet
containing 7 ppm dinoseb {(1.05 mg/kg/day) throughout the observation period of
approximately 18 months. Equal numbers of mice servad as controls. aAfter 18
months of treatmant, no significant increass in tumors in the mice were
obsarved. This study is5 considered inadequate because of the small number of
animals, the use of only one dose level, and the short observation period (18
months).

In an unpublished study from Dow Chemical Company (1877), male and female

Charles River rats were fed diets containing dinoseb at levels of-0, t, 3, and

10 mg/kg/day for 104 weeks. Dinoseb did not give positive results for
carcinogenicity. However, this study was 1nadequate because of the, 1imited
histopathological assessment of both animalz and tissues exam1ned and a lack
of 1nd1v1dua1 data for several measured parameterﬁ. -
<<< Dinoseb >>>
II Ak, SUPPORTING DATA FOR CARCINOGENICITY o

Dindseb was not mutagen1c for Salmonella tvphimur1um in three stud1e$ w;th

. or without additien of rat 11ver homogenate {Simmon et al., 1977 Moriyg et
~al., 1983} Waters et al., 1982). Mixed results were obtained in BNA damage
testeg. Dinoseb tested positive in procarvotes without hepatic homcgenafeé B

‘»

 fibroblasts (Simmon. et al., 1977).

{Waters et al., 1982; Simmon et al., 1877; U.5. EPA, 1881), negative in
aycaryeotes (Simmon et al., 1977; Waters et al., 1982), and negat1ve :n numan
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—————— <<< Dinoss D A

I1.8. QUANTITATIVE ESTIMATE OF CARCINCGENIC RISK FROM QRAL EXPOSURE

Not available.
v <K DANOSED  DDP -

IT.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RIZK FROM INHALATION EXFOSURE

Not availabls.
e KL DiNOSED DD

__;I.D} EPA DOCUMENTATION, REVIEW, AND CONTACTS (CARCINCGENICITY ASSESSMENT)

‘ Ir.c.1. EPA DOCUMENTATION

.5, FPFA. 1875. In vitio and in vivo studies o
evaluatae their potential as chemical mutagens.
Progiram -- the First Year of Progresa. Toxicolo
Effects Workshop: vol. II. EPA MRID 0043856,

T

i

1.3, FGBA.  18RB. Toxicoloay Branch Peer Review Committes memorandum on
Dinosab, June 19,

I1.0.2. REVIEW (CARCINOGENICITY ASSESSMENT)
The Toxicelogy Branch Peer Revisw Committee reviewed data on dinoseb.
Agency Work Group Review: 01/13/88, 11/09/88, 05/03/89

varification Date: 05/03/89

I1.0.3. U.5. EPA CONTACTS (CARCINOGENICITY ASSESSMENT)

Julie Du / ObW -- {202)382-7583 / FTS 382-7583
Larry. Anderson / ODW -~ (202)382-7587 / FTS 382-7587

o,
By

i

- IIL. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS

v
)

substa#ice Name ~- Dinoseb’, C e L .
o’ .. e x

CASRN ~-- 88-85-7 SR A ; R

“Not available at this time




IV, U.5. EPA REGULATORY ACTIONS

Substance Name -~ inoseb
CASRN -~ B88-8%7 ’
lLast Revised -- 03/01/88

EPA rizsk assessments may be updated as new data are published and as
assassmant methodologies evolve. Regulatory actions are frequently not
updated at the same tims. Compars the dates for the regulatory actions in
this section with the verification dates for the risk assessments in zsctions
T and II, as this may explain inconsistencies. Alszo note that some regulatory
actions consider factors not related to health risk, such as technical ar

- sconomic feasibility. Such considerations are indicated for sach action. 1In

addition, not all of the regulatory actions listed in this section involve
anforceabls federal standards. Plsase direct any guestions you may have
concerning these ragulatory actions to the U.Z. EFA contact 1isted for that
particular action. Users are strongly urged to rsad the background inform-
ation on each regqulatery action in Backaround Documsnt 4 in 3ervice Code 5.

__IV.A. CLEAN AIR ACT {CAA)

Mo data available

__IV.B. BAFE DRINKING WATER ACT (SDWA)

No data availabls

~~~~~~ <<< Dinoseb >rdwme-e-

__IV.C. CLEAN WATER ACT (CWA)

- MNo data available

~~~~~~ <<« Dinoseb >>>------

IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)

IV.D.1. PESTICIDE ACTIVE INGREDIENT, Reg{stration S5tandard

None

-

IV.D:2, PESTICIDE ACTIVE INGREDIENT, Special Review,:

"Aétion F% -Emergenév Sﬁspens%&h order/Notice of lnfﬁﬁt to‘tancetﬁg
?thsiQers-techﬁo1ogica1 or economic feasibility? ww;ﬁVES

:gSummarv of regulatory action ~~ Dinoseb exposure ﬂ&s determined to pose a
‘risk of birth defects, male sterility, and acute toxicity to agricultural

warkers, . on 10/07/87 the Agency modified . .the Susperigion Order and perimitted



T use of Dinossb on dry pegas, lentils, and chich peas in Idahe and Washington
during the 1987 growing season. UDinoseb is currently in the hearing process.

Reference -- 51 FR 26634 (10/14/86)

EPpA Contact ~- Special Review Branch, QPP / (703)557-7400 / FT& 557-7400
~=----<< Drinoseb 23> ------

IV.E. TOXIC SUBSTANCES CONTRCL ACT (T3CA)

No datas available
wwmme << Dinoseb  >H>o-----

IV.F. RESCURCE CONSERVATION AND RECOVERY ACT {RCRA)

. IV.F.1. RCRA APPENDIX IX, for Ground Water Monitoring
Status -~ Listed

-

52 FR 25942 {07/08/87)

"enc

¥

Raf

ik
{0

ERA Contact --  RORA/Superfund Hotlins
{800)424-9348 / (202)382-3000 / FTS 382-3000

wwwwwww << Dinoseb 35>
IV.G. SUFERFUND (CERCLA)

IV.G.1. REPCRTABLE QUANTITY (R®) for Release into the Envirconment

value {status) ~- 1000 pounds ({Final, 198%)
Considers technoloaical or gconomic feasibility? -~ NO
Discussion -- The final RQ is based on both aguatic toxicity and oral

mammalian toxicity. The 96-Hour Median Thresheld Limit for aquatic toxicity
is between 12 and 100 ppm and the oral LDS0 for rats is between 10 and 100
- mg/kg. | | |

' Reference -- 50 FR 13458 (04/04/85)

;éPA Contact -~ RCRA/Superfund Hotline
- (8D0)428-93486 / (202)382-3000 / FTS 382-3000

V. SUPPLEMENTARY DATA: . ; -

" Substance Name -- Dinoseb
CASRN -~ 88-85-7
Last Revised -- 01/31/87

Lie

The information contained in thizs section (subsections A and B)Y has Been_h



#

extracted from the EPA Chemical Profiles Database, which has been compiled
from a number of s=zcondary sources and has not undergone formal Adency review,.
The complete reference listings for the citations in this section are provided
in Ssrvice Code 5. The user s urged to raad Rackground Documeant & in Service
Code 5 fTor further information on the sources and 1imitations of the data
presented herse,

<<< Dinoseb >>>

__V.AL ACUTE HEALTH HAZARD INFORMATION

Toxicity -- Extremely toxic: Prchable oral lethal dose is
7 drops and 1 tezspoontul for a 70-kg persen {150 1b.) {(Gos
. TI-197).

5«50 m3/kg; betwean
selin et al., 18978,

Medical Conditions Gensrally Aggravated by Exposure -- Not Found

Signs and Symptoms of Exposurs -~ Marked fatigquae, tremandous thirst, profusa
gwaating, flushing of face. Nausea, vomiting, abdominal pain, occasional
disrrhes. Restlessnass, anxiety, excitemant, occasionally lsading to
convuisions. FRise in body tampsrature, rapid heart beaat, difficulty
breathing, bluizh skin, and sometimeés muscle cramps. Loss of consciousness,

cessation of breathing, and death {(Gosselin =t al., 1976). &kin: staining of
skin and minor irritation by very small amount. Eves: mild to moderate
irritation expected.' Inhalation: dusts may be irritating and may cause

serious il1lness (Weed Science Socisty of America, 19793,

_______ VB, PHYSICAL-CHEMICAL PROPERTIES

Chemical FormuTé “- CHOH12ZNZ205

Molecular Weight »w‘zuo.z

Roiling Point -- Not Found

specific Gravity (H20=1) -- 1.2647 at 45C (Weed 3ciance Society of

America, 1879)

Vapor Prassure {(mmHg) -- 1 at 151.1C {(Weed Science Society of America, 1979)
Melting Point -« 100-108F, 3B-42C (Merck} 1983, p. 479

- Vapor Density (AIR=1) -- 7.73 (Sax, 1984, b. 582)
Evaporatiaﬁ Rate (Butyl acetata=1) -~ Not Found

;‘Soiubi1%ty in Water w~-0.0052 g/ 100 mi. (Weed Science Society of America} 19?9i
FTaSh Pqint {Method Used) -- 60.1F fgiah.QF, 15.6C fo 29.hc.for 3 commerciai

| products (Weed Science Society of America, 1878)

Ftammable Limits -~

LEL -- Not Feound
UEL -+~ Not Found
’-Aﬁbearance and Odor -- Orange-brown viscous ligquid (Merck, 1983, p. h?é);

sungent odor (Weed Science Society of America, 1878) or crystals (Sax, 1979);

- orange solid when pure; technical grade is orange-brown: solid (Worthing, 1883)

Conditions and Materials to Avoid -- Appear to be stable in acid solution, but

are susceptible to decompositicon by ultravicolet radiation in alkaline solution



(Kearnsy and Kaufman, 1875)

Hazardous Decomposition or Byproducts -~ On decompositiocn, nitro compounds
such as this emit toxic fumes {fax, 18979),

e -~ Plant growth ragulator; insecticide and herbicide (Hawley, 1981, p.
3745,

MVI. BIBLIOGRAPHY
Aubstance Mame -~ Dinosab

CASERN -- 88-B5~-
lLast Revised -- 08/01/89

_¥I.A. ORAL RfD REFERENCES -
Dow Chemical Ceompany. 1981a. MRID No. 00152675, Available from EPA.  Write
to FOI, EPA, Washington D.C. 20460. .

ompany . i981b. MRID No. 001528676. Available from EPA., Writs
.uk:i- - 20450

iG81a, METID No. 00132874, Available trom ERA. Writs

<h

Dow Chemical Company.
to FCI, EPA, Washinaton D.C. 20450.
american Hoechst Corporation. 1886a. MRID No, 001583383, 00163930, Availabis

from EFA. Write to FOI, EPA, Washington 0.C. 20460.
Amarican Hoschst Corporation. 1886b. MRID No. 00161309, 00165513. Available
from EFA, Write to FOI, EFA, Washington D.C. 20460,

—————— LK< Dinosab 3D veeww~

VI.B. INHALATION RfD REFERENCES

~~~~~~ <<< Dinoseb »rr------
__FI.C. CARCINOGENICITY ASSESSMENT REFERENCES

Dow Chemical Company. 1877. MRID No. 00025582. Available from EPA. Write

to FOI, EPA, Washington, DC 20460, T
- Dow Chemical Company. 1881. MRID 00152674, Available from EPA. Write to
. FOI, EPA, washington, DC  204850. _ _ i .

Innes, J.R.M., M.G. Valerio, L. Petruceli, et al. . 1989, Bioassay of:
 pesticides and industrial chemicals for tumor1gen1c1tv in mice. A preliminary
"‘note. J. Natl Cancer Inst. &42: 1104-1114, . :

 Moriya, M., T. Ohta, T. watanabe, K. Kato and Y. Shirasn. 1983. .Further
- mutagenicity studies onh pesticides in bacterial reversion assay systems.
Mutat. Res. 116: 185-216. ST .
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‘Elgetol 318

Simmon, V.F., A.D. Mitchell and T.A. Jorgenson. 14977. Evaluation of selected
pesticides as chemical mutagens. In vitro and in vive studies. 1.8,
Environmental Protection Agency, Research Triangles Park, NC. EPA B00/1-77-
oz8,.

W.3. EPA. 1975, In vitro and in vivo studies of selacted pesticides to
evalyate their potential as chamical mutagens. In: 3ubstitute Chemical
Program -- thes First yezar of Progress. Toxicological Mathods and Genetic
Effects Workshop: Vol. II. EPA MRID 00436585,

U.s. EPA, 1986. Toxicology Branch Peer Review Commititse mamorandum on
Dinoseb, Jdune 19,

Waters, M.0., 5.%. Sandhu, V.F. Simmon =t al, 1882. Study of pesaticide
genotoxicity. Basic Life S¢i. 21: 275-328,

wemme o< Dinoseb  BhIeee---

VILD. DRIMKING WATER WA REFERENCES

SYNONYMS

38-85-7

AATOX

Aratit

Basanite

BNP 20

BMP 30

Butaphene

Caldon .

Chemox Geaneral

Chemox PE

DENF

Dibutox

Dinitrall

Cinitrobutyiphanol
2yh-Dinitro-B-ssc-Butylphencol
Ly6-Dinftro-2-sec-Butylphenoi
4,6-Dinftro-o-sec-Butylphenol
2, 4-Dinftro~6-{1-Mathylpropyl}Phencl
4,6-Dinftre-2-(1-Methyl-n-PropyljPhenol
Dinitro~0rtho-5ec~Butyl Phenol
Dinoseb : |

DN 289

DNBP

DNOSBP

[MSBP
Elgetol

ENT 1,122

. Gebutox h

Hivertox
Kilogeh
Knoxweaed

- L.adob

Laseb . - C T LI %




READ

Toxaphena; CASRN 8001-35-2 (01/01/91)

Haalth risk assessment information on a chemical s included in IRIS only
after a comprehensive review of chronic toxicity data by work groups compossd
of U.5. EPA scientists from gsveral Program Offices. The summaries presented
in Sections I and IT reprasent a consensus raached in the review process. The
other szections contain W.3. EPA information which is specific to a particular
EFA program and has been subject to revisw procedurss prescribed by that
Program Office. The regulatory actions in Saction IV may not be basad on the
most current risk assessmant, or may bs based on a current, but unrsvieswsd,
risk assessmant, and may take into account factors other than health sffects
2,3., treatment tschnology). When considering the use of regulatory action
data for a particular situation, note the date of ths regulatory action, ths
date of the most recant risk assessment relating to that action, and whether
technological factors wers considesred. Background information and explan-
stions of the methods used to derive the valuezs given in IRIS &ars providad in

the five Backaround Cocumants in Service Cods 5, which correspond to fections

I through v of the chesmical files, oo - f%f)i‘;J\: e 3.2v5"
7
- vk '
STATUS OF DATA FOR Toxaphene Mey = ne .
C ]'fJ. ' :?_C? - OIL 5"’!"5
s = N PR -

File On-Ling 08/22/88
My = omd

Category {(section; Status Last Ravised
Oral RFD As=zessmant (T.4.) no data
Inhalation RFC Assessment (I.8.) noe data
Carcinogenicity Assessment (II.) on-lins D1/01/91
‘ Drinking water Health Advisories (III.A.} no data
j U.5. EPA Requlatory Actions (Iv.}' ne data
Supplementary Data (V.} gn~1ine N4/01/89

_I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC, EFFECTS ™

" 1iA. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfDY

S

-

'SubS%gpce_Name ~- Toxaphene

FrCﬁQRN_¥“ $0Q4-38-2

e . .
yfe A e i
e E

T

SRR R _ L
Not "avatfable at this time.




>

s Toxaphsne  >>>

" I.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RTC)

substance MName -- Toxaphen@
CASRN -- 8001-35-2

Mot available at this tims.

T Tl a a T e I I i e i  pa——

ITI. CARCINGCGENICITY ASSESSMENT FOR LIFETIME EXPODURE

substance Name -~ Toxaphens

CASRN -~ 8001-35-2

Last Revised -~ 01/01/81

Section II provides information on thres aspects of the carcincgenic risk
azsessmant for the agsnt in question; the U.5. EPA classification, and quant-
itative estimates of risk from oral sxposure and Trom inhalation exposure.

The claszification reflects a weight-of-evidence judgment of the likelihood
that the asgent iz a human carcinogsn. The guantitative risk sstimatss are
nresanted in thrse ways., The slope factor iz the result of application of a
low-dose sxtrapolation procadure and is presentsd as ths risk per (mg/ka)/day.
The unit risk is the quantitative estimate in terms of aithar risk per ug/L
drinking water or risk per ugf/cu.m air breathed. The third form in which risk
ig presanted is a drinking water or air concentration providing cancer risks
of 1 din 10,900, 1 in 100,000 or 1 4inm 1,000,000. 8Background Document 2
(Service Code &) nrovides details on the rationale and methods used to derive
the carcinogenicity values found in IRIS. lsars are refsrred to szetion I for
information on long-term toxic effacts other than carcinogenicity.

<< Toxaphans >>>

IT.A. EVIDENCE FCOR CLASSIFICATICON AS TO HUMAN CARCINCGENICITY

IT.A.1. METIGHT-OF~-EVIDENCE CLASSIFICATION
Classification -- B2; probable human carcinogen.
Basis -~ The classification is based on increased incidence of hepatocellular
tumors in mice and thyroid tumors in rats and i3 supported by mutagenicity in
salmonella.
<<<  Toxaphene >>>
 IT.A.2.  HUMAN CARCINOGENIGITY DATA

None.

TI.A.3. ANIMAL CARCINOGENICITY DATA

-sufficient. Two lTong-term carcinogenicity bioassays w1th toxaphaene have
been performed in rats and mice with both species showing a carcinogenic
response. Dietary toxaphene wes administered for 18 months at doses’ of 0, 7,
20 and 50 ppm to 54 BBC3F1 mice/sex/aroup. An1mals_were observad -6 months
post-treatment. An increased incidence of hepatocellular carcinomas and

- necplastic nodules (adenomas) was seen in both sexes and was statistically

significant in males administered 50 ppm (Litton Bicnetics, 1978).

In a second study (NCI, 1979, dietary toxaphene was admin%ﬁtargd to 50




Oshorne-Mendel rats/sex/aroup and 50 BBC3F1 mice/sex/group TOor vl weakKs.
REts received TwA doses of 556 and 1112 ppm for males and 540 and 1080 ppm
for femalas. The animals were observed for 28-30 weeks post-traatment.
controls consisted of 10 matched contrels/sex and 45 additional pooled
controls/sex. A statistically significant dose-related increased incidencs
of thyroid tumors {(adencmas and carcinomas) was seen in both male and female
rats. :

Mice received TwWwA doses of 99 and 198 ppm Tor both sexss. Controls
consisted of 10 matchad controls/sex and 40 additional pooled gontrols/sex.
A statistically significantly increased incidence of liver cancer in treated
animals was observed and was doze-related (NCI, 1878).

<< Toxaphene >>>
TL AL, SUPPORTING DATA FOR CARCINOGENICITY

Toxaphene 5 mutageanic
modified dominant Tethal as
significant differences wer
in lsukocvtes of worksars oc
workers (U.5. EPA, 1978},

to Salmonella (Hi11, 18773, 1t was negative in a
say of mals ICR/Ha Swiss mice (Epstein, 1972). No
& found betwzen rates of c¢hromosomal aberrations

cupationally exposed to toxaphene and of unsxpossd

----------- << Toxaphene  Yibecc-wo---

_IT.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RIZK FROM ORAL EXPCBURE

L

II.B.1,. SUMMARY QF RIZSK ESTIMATES

oral Slope Factor -- 1,1E+40 per (ma/kg)/day
Drinking Water Unit Risk -- 3.2E-5 per {(ug/L)
Extrapotation Method -~ Tinsarized multistage procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Risk Level Concentration
E-4 (1 in 10, 000) IE+0 ug/l
E~% {1 in 100,000) 3E-1 ug/L
E~-8 {1 in 1,000,930) 3E-2 ug/L

<< Toxaphens >>>
 IT.B.2. DOSE~RESPONSE DATA {CARCINOGENICITY, ORAL EXPOSURE)

" Tumor Type ~- hepatocellular carcinomas and neoplastic nodules

Test Animals -- MouseiBECBF1, ma1e$ B
_Route -~ Diet. )
 Réference -- thton 51onat1cs, 1978

mwme DOS@ ~mee - Tumor
Admin-~ ‘ Human - - Incidence
istered Equivalent

P L s R v v e

- ppm mglka/day mg/ ka/day

0 0.0 o - 10/53 :

7 0.81 0.051 T 10/54 - _
20 2.6 : 0. 14k 12/53 . - ¢
50 6.5 ‘ .

' 0.364 18/5 1

<< Toxdphene . >>>




eeeagde-w<<<  Toxaphene S>>~--s--ie- ] T

IT.B.3. ADDITIONAL COMMENTS (CARCINGCGENICITY, ORAL EXPOSURE)

Tha Litton Bionetics (1978) study was used for derivation of a slops
factor becsusse more doss lavels wars ussd, and a positive carcinogenic
response was found at a lower dose than in the NCI study (1979). Weight of
the animals was assumed to bs .02 kg, and animal 1ifetime waz taksn as 73%
days, the duration of the sxperiment.

The unit risk should not be used if the walter concentration sxcesds 3E+2
ug/L, since above this concentration the unit risk may not be appropriate.

<< Toxaphensa >>>
IT.B.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, CQRAL EXPOSURE)
An adeqguate number of animals was observed. A dose-rasponse effect was
zean in a study with 3 non-ze2ro dose levels,

e e (S ToXAPRENE DD

IT.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

IT.C.14. SUMMARY OF RISK ESTIMATES
Inhalation Unit &isk -- 3.2E-4 per {(ug/cu.m)
Extrapolation Method -- 1ingzarized multistage procedurs, extra risk

Afr Concentrations at Specifisd Risk Levels:

BRisk Leavel Concentration
E-4 {1 in 10,000} 3E~1 ug/cu.m
E~% (1 in 100,000} 3E~-2 ug/cu.m
E-6 (1 in 1,000,000) 3E-3 ug/cu.m

<<<  Toxaphens >>>

_Ir.c.z. DOSE-RESPONSE DATA FOR CARCINOGENICITY, INHALATION EXPOSURE
The unit risk was calculated from the oral data presented in I1.8B.2,

<<< Toxaphene >>>

IT.C.3. ADDITIONAL COMMENTS (CARCINOGENICITV, INHALATIﬁN\EXPOSURE}:

N

The unit rigk should not be used if ths,awr econcentration exceeds 3 1E+1

ug/cu. m, since above this concentration thé un1t risk may nat be appﬁopr1ate.
:<<< Toxaphene >>>

II.C.&. DISCUSSION QF CONFIDENﬁE (CARCINOGENICIT?, INHALATIQN EXPOSURE) -

Ihis inhalation pisk estimate was based-on oral data..

T

i H
g
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© I1.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS {CARGINOGEMICITY ASSESBMENT)
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- IT.D.t.  EFA DOCUMENTATION

.5, EPA. 1878. Occupational Exposure to Toxaphene., A Final Report by the
Epidemiologic Studies Frogram, Human Effects Monitoring Branch, Benefits and
Fiald S5tudies Division, OPP, CQTS, EfA,

U.5. EPFA,. 1980. Ambisnt Water Quality Criteria Tor Toxaphena. Freparad by
the Office of Health and Environmental Assessmeot, Environmental Criteria and
Azsessment Offics, Cincinnati, OM for ths Office of Water Regulations and
Standsards. Washington, DC. EPA 440/5-80-076, NTIS PR 81-1178863,

Epstein, 5.5. et al. 19712, Detaction of chemical mutagen by the dominant
lethal assay in the wmouse. Toxicel. appl. Pharmacel. 23: 288,

HiTl1l, R.N, 1831, Memorandum to Fred Hageman. Off. Spec. Pestic. Rev., U.5,
EPA. D=czmber 15,

Linton Bioneties, 13878, Carcinogsnic avaluation in mice: Toxaphsnsz.
Frepared by Litton Bionetics, Inc., Kensington, MO for Hercules, Inc.,
Wilmingaton, OE.

NGT. 1979, Bicassay of Toxaphene for Possible Carcincganicity. ,
Carcinogenesis Testing Program. Division of Cancer Cause and Prevention.
NCT, Natienal Inmstitute of Health, Bethesda, Marvyiand, 20014. U.5.
Department of Health, Education and wWelfare. DHEW Pubiication Neo. (NIH)
79~-837.

<<< Toxapheng >>>
) I1.0.2. REVIEW (CARCINCGENICITY ASSESSMENT)

The valuzs in the 1880 Ambient Water Quality Criteriz documani have
recefved both Agency and outside raview,

Agency Work Group Review: 03/05/87

verification Date: 03/05/87

I1.0.3. U.5. EPA CONTACTS (CARCINOGENICITY ASSESSMENT)
Chariie Hiremath / ORD -- (202)382-572% / FTS 382-%725

Wiliiam E. Pepelko / ORD -~ (202)382-5304 / FT5 382-5904

prJ g - < A ey -

_ITI. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE :DURATIONS
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. II1.A. DRINKING WATER HEALTH, ADVISORIES
1$ub3ﬁ§%¢e Name -- Toxaphene |
-CASRN == 8001-35-2 :

[ . l ‘ | ‘;,; . | \“-i :‘,,._ R . '
- Not avajlable at this tige, = - 7 o o ' . | s

ITT.B. . OTHER ASSESSMENTS. . . e



Substance Name -- Toxaphene
CASRN -- B800t1-35-2

Contant to be determined.

L= I i i i I T e e e G e nn e i v i B i i T e i e R e R e A P e e

Substance Name -« Toxaphene
CASRMN ~- 8001~35-2

JIve U5, EFA REGULATORY ACTICNS ' //i:;>
;

Not available at this tims,
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M. SUPPLEMENTARY DATA

Substance Name -- Toxaphene
CASRN -~ 80041-35-2
Last Revised -- 04/01/89

The information contained in thig section ("subsections A and B) has been
extracted from the EPA Chemical Prefiles [Database, which has bean compiled
froem a numbar of secondary sources and has not undergcne formal Agency review.
The complete reference listings for the citations in this saction are providead
in Service Code 5. The user {3 urged to read Backaround Document & in Service
Code 5 for further information on the sources and limitations of the data
prasentad here.

£<<  Toxaphene >>>

_MLA, ACUTE HEALTH HAZARD INFORMATION

Toxicity -~ Toxaphene is extremely toxic. Tha probable oral lethal dose
{human) T8 5-50 mg/kg or bhetwsen 7 drops and 1 teaspoonful for 70 kg person
{Gosselin, 19843,

Medical Conditions Generally Aggravated by Exposure -- Not Found

Signs and Symptoms of Exposure --  Acute toxicity of toxaphene is manifested
a5 generalized convulsions preceded by cyanosis. Also reported is sudden
exertional dyspnea (labored breathing), tachycardia (rapid heart rate), .

; weakness and low blodd pressure (Gosselin, 1984, p. I1I-387). Lethal doses of

toxaphene cause respiratory failure. Hypersalivation, leg and back muscle
spasms, nausea, vomiting, hyperexcitability, tremors, shivering, clonic .
convulsions, and tetanic muscular contractions of all skeletal muscles have

~also been reported (Weiss, 1980, p. 874).

smme----=<<  TOxaphene s >>>---=-mme-

L . w oy
__V.B. PHYSICAL-CHEMICAL PROPERTIES | ;
Chemical Formula -~ Ci0HIDCTIB approximate (Hawley, 1881, p. 1034)

Molecular Weight -- Unknown . L

&




Boiling Point -- Not Found

Spaciftic Gravity (H2C=1} -- 1,65 (Worthing, 1978}
Vapor Pressure (mmHg) -~ 0.4 at 25C {(Sunshine, 18569)
Melting Foint -- 149-194F, 65%-90C (Merck, 1983)
Vapaor Density (AIR=1) -- Npt Found
Evaporation Rate (Butyl acetate=1) -- Not Found
Solubility in Water -- 3 mg/1 at room temperature (Worthing, 19879)
Appaarance and O0dor -~ Yellow, waxy solid with a pleasant pinsy odor (Merck,
1983)
Flash Point (Mathod HUsed) -- 84F, 290 (CCY (Weiss, 1980, p. 874)
Flammable Limits:
LEL == 1.1% (Weiss, 1980, p. 874)
UEL -- B.4% {(Weiss, 1980, p. 874)
Conditions and Materials to Avoid -~ Toxaphens dehydrochlorinates in the

presence of alkali, on prolongsd exposure to sunlight, and at temperaturas
above 155C (Marchk, 1983). Avoid strong oxidizers (NIQSH/0SHA, 1884, p. 62);
toxaphene is5 corrosive to iron (Merck, 1883, p. 93B4),.

Hazardous Decomposition or Byproducts -- Toxaphens releases hydrochloric acid
in the pressence of alkali, on prolongad exposure te sunlight, and at
temperaturass above 155C (Merck, 19835,

Use -~ Toxaphene i3 an insecticide, primarily for cotton and sarly growth
atages of vegetables (Hawleay, 1981, n. 1034). Toxaphene iz also used on psas,
soybeans, psanut, corn, and wheat. Toxaphene has not bean produced

~commercially in the U.3, since 1982 (8RIY. The chemical is only registered

for. scabies control on cattle in the U.5. (USEPA/Pesticide Index, 19885).

_VI. BIBLICGRAPHY

Substance Name -~ Toxaphene
CASRMN -- B0OD1-35-2
l.ast Revised -- 08/01/90

_'¥I.A. ORAL RfD REFERENCES L S
Nore
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L vI.B.  INHALATION RfD REFERENCES
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Arsenic, inorganic; CASRN 7440-38-2 (02/01/91)

Health risk assessment information on a chemical is included in IRIS only
aftter a comprehansive review of chronic toxicity data by work garoups composad
of U.5. EPA zcientists from saveral Proaram O0ffices. The summaries presented
in Sections I and II represent a consensus reachad in the review procass, The
other sections contain U.3. EPA information which is specific to a particular
EPA program and has been subjesct to review procedures prascribed by that
Program Office. The regulatory actions in Section IV may not be based on the
most currant risk assessment, or may be based on a current, but unreviewed,
risk assessment, and may take into account factors other than health effects
(e.g., treatment technology). When considering the use of regulatory asction
data for a particular situation, note the dates of the regulatory action, the
date of the most recent risk asssszmant relating to that action, and whether
technological factors were considered. Background information and explan-
ations of the methods used to derive tha valuss given in IRIS are provided in
the five Background Documents in Service Code 5, which correspond to tections
I through v of the chemical files.

STATUS OF DATA FOR Arsenic, inorganic

Fite On-Line 02/10/88

Category (section) 5tatus Last Revised
N TS ST S M My ittt ‘""""'""""""““'""'”:“'D.k
- Oral RfD Assessment (I.A.) pending Coui
Inhatation RfC Assessment {(I.8.) no data
Carcinogenicity Assessment (II.) on-line 02/01/91 i
Drinking Water Health Advisories (IIX.A.) no data
H.5. EPA Regulatory actions {IV.) on-tine npe/01/90
supplementary Data (V.) no data
::#:zxzz":::::::z:mxm====$###::‘.33x$:u!&‘:::::::r:':3::::=::#3::::mm#:mx#:’.zz:ﬁz:z:ﬂzﬂmﬂmx ;

_I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS

__I.A. REFERENCE DOSE. FOR CHRONIC ORAL EXPOSURE (R¥D)

Substance (Name -- Arsenic, inorganic
CASRN -~ 7440-38-2 . Y
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A risk asgessment for this substance/agent will be'reviéwad'bv.qn EPA'@ork
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T.8B. REEFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPCSURE (RTC)
Substance Name -- Arsenic, inorganic
CASRN -~ 7440-38-2

Not available at this time.
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_IT.  CARCINCGGENICITY ASSESD SMENT FOR LIFETIME EXPQSURE

substance Mame «-- Arsenic, fnorganic
CASREN -~ Tha0~38-2

Last Ravised -- 02/01/91

section II provides information on three aapecta of the carcinogenic risk
assassment for the agent in guestion; the U.5. EPA classification, and quant-
jtative estimates of risk from oral exposurs and from inhalation exposzure.

The classification reflects a weight-of-evidence judgment of the Tikelihood
t+hat the agent is a human carcinogen. The guantitative risk sstimates are
presented in three ways. The slope factor is the result of application of a
Tow-dose extrapolation procedure and s presented as the risk per (mg/ka)/day.
The unit risk is the guantitative estimate in terms of either risk per ug/L
drinking water or risk per ug/cu.m air breathed. The third form in which risk
is presented is & drinking water or air concentration providing cancer risks
of 1 in 10,000, 1 in 100,000 or 1 in 1,000,000. Background bDocument 2
{(service Code 5) provides details on the rationale and methods used to darive
the carcincgenicity values found in IRIS, Users are refaerred to Section I for
information on Tona-term toxic affects other than carfcinogenicity.

<<<  Arsenic, inorganic >>>

I1.A. EVIDENCE FOR CLASSIFICATICN AS TO HUMAN CARCINOGENICITY

IT.A. 1. WEIGHT-OQF-EVIDENCE CLASSIFICATION
Clagssification -~ A3 human carcinogen

Rasis -- based on observation of incra2ased lung cancer mortality in
popu?ations exposed primarily through inhalation and on increased skin cancer
incidence in seversl populations consuming dr1nk1ng water w1th h1gh arsenic
concentrations. ;

<<< Arsenic, inmorganic >>> | _ -ﬁ;ﬂ
II“A 2. HUMAN CARCINQGENICITY DATA

Studies of smelter worker pcpu1at10ns {Tacoma, WA Magma, Uty Anaconda,
- MT; Ronnskar, Sweden; Saganosek1—Mach11, Japan) have 311 found,_an '
 _a5soc1at10n between occupational arsenic exposure and lung cancer mortality
(Enterline and Marsh, 1982; Lee-Feldstein, 1883; Axelson et al,, 18783

- Tokudome and Kuratsune,‘is?a, Rencher et al., 1877). Both pfﬂpartﬂenatb

L mortality and cobort siudies of pesticide danufacturing workérs. hifve shown
“an excess of lung cancer-deaths ‘among exposed: pefsons (Ott ek al., 18747 ;
“Mabuchi et al., 1878). Ons study of & population residing neera pesticide
- manufacturing phant reveated that these residents were mlso at an excess

' risk of lung cancer (Matanoski et a&l., 1981). Cdse ?egqrts of -arsenical

pesticide appligators have also demonstrated an assoc1atﬁon betwaen arsﬁn1c-
e el amma T ime eranear foAbR . 1O6BGY Ty . ! s g o

f&.&"
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A cross-sectional study of 40,000 Taiwanese exposed to arsenic in
drinking water found significant excess skin cancer prevalencs by comparison-
to 7500 residents of Taiwan and Matsu who consumad relatively arsenic-free
water (Tseng et al., 1968)., This study design limited its usefulness in risk
estimation. Arszenic-induced skin canc¢er has alse been attributed to water
supplies in Chile, Argentina and Mexico (Borgono and Greiber, 1972;

Bargeglio, 1864; Cebrian et al., 1983). No excess skin cancer incidence has
heen observed in U.5. residents consuming relatively high levels of arsenic

in drinking water (Morton et al., 19783 Southwick et al., $881). Ths results
of these U.3. studias, howaver, are not necesgsarily inconsistant with the
exieting findings from the foraign populations. The statistical powers of ths
1.5, studies are considerad to be inadequatse because of the small sample 3ize.

A follow-up study {Tzeng, 1977) of the population Tiving in the same aresa
of Taiwan, where arszenic contamination of the water supply was endemic, found
significantly elavated standard mortality ratios for cancer of the bladder,
Tung, liver, kidney, skin and colon., This study of bltadder, Tiver and lung
cancer casss in the endemic area found a significant association with arsenic

sxposure that was dosz-related. The association of arsenic ingestion and
cancer of various internal organs has also been ¢ited in a number of case
Feports (Chsn 2t al., 1985, 1986). Fersons treated with arsenic-containing

medicinals have also bean shown to be at a risk of skin cancer (Zommers and
McHanus, 1983) .,

<<<  Arssnic, inorganiec  >>»
TI.A.3. ANIMAL CARCINCGENICITY DATA

None. Therse has not been consistent demonstration of arsenic
carcinogenicity in test animals for various chemical forms administered by
different routes to several species (IARC, 1980). There are some data to
indicate that arssnic may produce animal tumors {f rmtentwon time in the lung
can be increased (Pershagen =2t al., 18982, 1984).

<<<  Arsenic, fnorganic >>»
IT.A.4, SUPPORTING DATA FOR CARCINOGENICITY

5odfum arsenate has been shown to transform Syrian hamster embryo cells
{bipaclo and Casto, 1979) and to produce sister-chromatid-exchange in DON
cells, CHO cells and human peripheral lvmphocvtes exposed in vitro {(wWan et
al., 1982; Chno et al., 1982 Larramendy et al., 18813 Andersen, 1983;
Crossen, 1983). While arsenic compounds have not been shown to mutate
bacterial strains, it produces preferential killing of repair deficient
strains (Rossman, 1981},

| ww=wws---<<< - Arsenic, inerganic >>>---------

_IT. B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK. FRGM ORAL EXROSURE

The JRidsk Assessment Forum has comp1eted & reassessment of the . .
'ﬁca%cwnegen%owty risk aaaoc1ated‘w1th 1ngest1en of - ina&gan1c arsenﬁt. U This

S reporty which has been” extens1ve1y peer~reviewed by outside reviewers
Q(1nc1ud1ng -SAB review) concluded that the most appropriate basis: for an oral
quantitative estimate was the study bv Tseng et al. (1977), which' reported
3ncreésed ;prevalence of skin cancers in humans as a-consequence of arseaié
exﬁbsmreéin dr1nk1ng water. Baseé qnsthis stud? @ wait r1s& of SE- SfugAL was
pﬁvpoﬁﬁd.'; .

A recent memorandum by the Adm1n1strator ot the EPA recommended that the
~above ufit risk be adopted. The memorandum' further courisels that "in reaching

rask mgnagemen& deciaions in a specific; $1tﬂat1¢ﬂ, risk managers must
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uncertaintiss associated with ingested inorganic arsenic ares such that
estimates could be modified downwards as much as an order of magnitude,
relative to risk estimates associated with most other carcinogens. In such
instances, the managemant document must clearly articulate this fact and stats
the factors that influencad such a deciszion,!

vvvvvvvvv <<< Arsenic, inorganic >>F--wemrwees
IT.0. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATIOW EXPOSURE

IT.C.1. SZUMMARY OF RISK ESTIMATES
Inhalation Unit Risk -- 4.3E-3/ug/fcu.m
Extrapolation Method -~ absolute-risk Tinear model

Adr Concentrations at Specified Risk Levels:

Risk Level Concentration
E-4 {1 in 10,000) ) 2E-2 ug/cu.m
E-% (1 in 100,000) 2E-3 ugfcu.m
E-6 (1 in 1,000,000) 2E-~4 ugfcu.m

<<<  Arsenic, ineorganic >>>

IT.C.2. DOSE-RESPONSE DATA FOR CARCINOGENICITY, INHALATION EXPGSURE

Tumor Type -- lung cancer

Test Animals -~ human, mals

Route -~ inhalation, occupational sxposure

teference -- Brown and Chu, 1983a,b,c; Lee-Feldstein, 1983; Higgins, 1882;

Entertine and Marsh, 1982

Ambient Unit Risk Estimates

Exposure Unit Geometric Mean Final Estimates
Source Study Riak Unit Risk Unit Risk

- Anaconda Brown and Chu, 1.25 E~3

} smalter i983a.,b,c

| | Lee~Faldstein, 1983 2.80 E-2 2.56 E~3

| Higgins, 1982; 4,90 E-3 ‘ _ 4.29 E-3

Higgins et al,, 1982;
welch et al., 14982

" ASARCO Enterline and - 6.81 E-3 7.19 E-3 e
‘ smelter _iMarsh 1982 7.60 E-3

<<< Arﬁen1¢, 1norgan1c :r>>.=
. JE-

“II.C.B.' #DEITIONAL COMMENTS (CARCINOGENICITV1 IﬁHALAﬁEON EKPDEHRE)

A A geometric mean was obtained for data sets obtained within d1st1nct
exposed populations (U.S. EPA, 1984). The final estimate is the geometric
‘mean of those two values. It was assiumed that the ingrease in age- spgcuf1c
" mortality rate of lung cancer waﬂ a fuﬂct1on only of zumu]at1ve equaures. ‘

The unit risk should not be used if the air cancentrat1on exceeds 2
ug/cu.m, since above this concentrat1on the unit r1$k mav not be apprcpr1ate.

; <§< ;Arsen1c, 1norgan1c >>>




m__II.C.h. DISCUSSTION OF CONFIDENCE (CARCINCGENICITY, INHALATION EXFOSURE)
Overall a large study population was observed., Exposure assessments
included air measurements for the Anaconda smslter and both air measurements
#nd urinary arsenic for the ABARCO smelter. OCbserved Tung cancer ingidences
was significantly increased over expected values. The range of the
estimatas derived from data from two different exposure areas was within a
factor of &.

~~~~~~~~~~ <<<  Arssnic, inorganic >>>--w-e--we

II.00. EPA DOCUMENTATION, REVIEW, AND CONTACTS {(CARCINOGEMICITY ASSESSMENT)

IT.0.1. EPA DOCUMENTATICON
.5, EPA, 1984, Haalth asssessment Document for Inorganic Arsenic.
Environmental Criteria and Assessment OFffice, Reszarch Triangle Park, NC.
ErFA 600/8~83-021F.
<< Arsenic, inorganic >>>

. ITI.0.2. REVIEW (CARCINCGENICITY ASSESSMENT)

The 1884 Hzalth Assessment Document for Inorganic Arsenic received
Agency and extarnal review including a review by SAB.

Agency Work Group Revisw: 01/13/88

varification Late: 01/13/88

I1.0.3. U.3, EPA CONTACTS {(CARCINOGENICITY ASSESSMENT)
Herman J, Gibb / ORD -- (202)382-5898 / FT5 382-5888

Chao W. Chan / ORD -- (202)382-5898 / FTS 382-5898

T ETHESISDEITRRESRESD

_IIX. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS

-

_ IIT.A, DRINKING WATER HEALTH ADVISORIES

' Substhnée_ﬁame'ww Arseﬁic, inorganic
CASRN -~ 7T4b40~38-2

Not- available at this time. = = o el ;~(' | 31
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__ITI.B. OTHER ASSESSMENTS . e,

Substance Name -- Arsenic, inorganic ' . s
CASRN == 7440-38~2 - . ' . o
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v, U.5. EPA REGULATORY ACTIONGS

substance Name -- Arsenic, Tnorganic
CASRN -~ THA0-38-2
Last Revised -- 06/01/90

EPA riask assessments may be updated as new data are published and as
aszsessmant methodolioaies svolve. . Regulatory actions are frequently not
updatad at the same time. Compare the dates for the ragulatory acticons in
this section with the verification dates for the risk assessments in sections
I and IT, as this may explain inconsistencies. Also note that some regulatory
actions cansider factors not related to health risk, such as technical or
sconomic faeasibility. Such considerations are indicated for each action. In
addition, not a1l of the regulatory actions 1isted in this section involve
anforceable federal standards. Plesase direct any quastions you may have
concerning thess regulatory actions to the U.5. EPA contact Tisted for that
particular action. Usars are strongly urged to read the background inform-
ation on sach ragulatory action in Background CDocument 4 in Service Code 5.

<<<  Arsenic, inorganic >>>
HMJV.A. CLEAN AIR ACT (CAA)

No data available

wwwwwwwww << Arsenic, Tnorganic D>>>----w----

IV.B.t, MAXIMUM CONTAMINANT LEVEL GOAL (MCLG) for Drinking Water

Vvalue {status) -~ 0.05 mg/L (Proposed, 198%)
considers technological or sconomic feasibility? -- NO
Discuszsion -- An MCLG of 0.05 mg/L for arseniec is proposed based on the

current MCL of 0.0% mg/L. Even though arsenic is potentialiy carcinogenic in
humans by inhalation and ingestion, its potential essential nutrient value was

considered in determination of an MCLG. The basis for this eviluation is

.3<<€

“nutritionasl requirements by NAS (NAS, 1883, -Mol. 5, Drinking Water and -

Hea1th, Nat10na1 Acadamy of Sciences Press, Washington, DC. }
4

"Refarence -- "S0 FR 46936 Part IV (11/13/85) . o

' EPA Cantact - erter1a and ‘Standards pivision, ODW /

(202)382- 7871 / FTS 382~ 7571; or Drinking Water Hotline / (aeo)azs 6791

‘,rseﬁ1c, 1horgan1c >>>

-+

1v a 205 MAXIMUM CONTAMINANT LEVEL (MCL) fOﬂﬁﬂrink1ng Water

V&1up4{ststus} - 0.08 mg/L (Inter1m, 1980} {" _ .

tconsider‘s techno]og1ca1 or economwc feas1bi11ty° 3?% YES

.....
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previously derived by the Public He;$EhW§;r§f¢é;

Reference ~-- &5 FR %7332 {(08/27/80)

EPA Contact -- Criteria and Standards Diviszion, ODW /

(202)382-7871% / FT5 382~-7571; or Crinking Water Hotline / (800)426-4791
————————— <<<  Arsesnic, inorganic >i>e---ee-o--

IV.C. CLEAN WATER ACT (CWA)

IV.C. 1. AMBIENT WATER QUALITY CRITERIA, Human Health

wWater and Fish Consumpticen -- 2.2E-3 ug/L

Fish Consumption Only «- 1.7%E-2 ug/L

Considers technological or economic feasibility? -~ NO

Discussion -- For the maximum protection from the potential carcinogenic

properties of this chemical, the ambient water concentration should be zzro.
Howaver, zaro may not be attainable at this time, 30 ths recommended criteria
represents a F-6 sstimated incremental ingreass of cancer risk ovar a
Tifetime,

peferences -- A4S FR 78318 (11/28/80)

EPA Contact -- Criteria and Standards Division, OWRS
{202)47%-7315 / FTS 475-7315

<<<  Arssnic, imnorganic >»>>
IV.C.2. AMBIENT WATER QUALITY CRITERIA, Aguatic Organisms

Freshwatar:

Acute -- 3.8E+2 ug/L (Arsenic III)
Chronic -~ 1.89E+2 ug/L (Arsenic III)
Marina:
Acute -~ B8.8E+1 ug/L (Arsenic III)
Chronic -- 3. 6E+1 ug/L (Arsanic TII) .
Cons1der$ techno1ogzca] or sconomic feaa1b1]1ty° - RO .
Discussion -~ The criteria given &re for' Araenwc IIL.. Much less data are
- available on the effects of Arsenic V to aquat1c organ1sms, but the toxfeity
seems to be less. A compTete d1scuss1on may be fQund in the referenced
" notice, E _ . ) _ .
Reference -~ 50 FR 30784 (07/29xes)f
EPA Contact -- Criteria and Standards Division, OWRS
g

v

(202)475~7315 / FTS 475-7315

[ <<< Arsenic, inorganic D3D--wewcwwo " o

__IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)

T Y I U I TV . W . o o _* R A [ ' d



—————————— <<< Arsenic, inorganic >>>---------

IV E. TOXIC SUBSTANCES CONTROL ACT (TSCAj

No data available
wwmmm—e ==L Arsenic, Tnorganic >5>------oee
IV.F. RESOQURCE CONSERVATION AND RECOVERY ACT (RCRA)

IV.F.1. RCRA APPENDIX IX, for Ground Water Monitoring
Status -~ Listed
Reference -- 52 FR 25042 (07/09/87)

EPA Contact -~ RCRA/Superfund Hotline
{800)424L4-9346 / (202)382-3ODQ / FTS 382-3000
~~~~~~~~~ <K<  Arsenic, Tnorganic >>>---------

IV.G. SUPERFUND {(CERCLA)

IV.G.1. REPORTABLE QUANTITY (RQ) for Relsase into the Environment

value {(statuz) -- 1 pound (Proposed, 1987)
Considars techneolegical or acenemic foasibility? -- NG
Discussion -- The proposed t-pound RQ for arsenic is based on its potential

carcinogenicity. Available data indicate & hazard ranking of high based on a

potency factor of 142.31/mg/ka/day and a weight-of-evidence group A, which

corresponds to an RQ of 1 pound. Evidence found in "Water-Related
Environmental Fate of 128 Priority Pollutants" (EPA 440/4-78-029a) also

indicates that this material, or a constituent of this materia1, is

bioaccumulated to toxic levels in the tissue of aquatic and marine organ15ms,
and has the potential to concentrate in the food chain.

'Reference -~ 82 FR 8140 (03/16/87)

4

‘EPA Contact «- RCRAXSuperfund Hot1ine ‘
~(800}h2& 9346 / {202)382 3000 / FTS 382~ 3000

_V.  SUPPLEMENTARY DATA

i Substange Name -~ Arsenic, iﬁﬁfgaﬁ1p
‘ CASRN e 7&&0 38 2 s

Not avai?ab!éﬂaf'thié time.
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_VI. BIBLIOCGRAPHY

substance Name -- Arsenic, inorganic
TASRN -~ 7LLD-38-2
Last Revised -~ 06/01/080
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Vertac Chemical Corporation
Status Report

Process History:

Vertac Chemical Corporation currently operates an impoundment as a hazardous
waste storage facility. The impoundment receives runoff from the facility as
well as spills and leaks from process operations. The facility has
manufsctured pesticide and herbicide products containing atrazine, toxaphene
and DNEP in the past. Presently dinoseb (DNBP) is the primary process
contributing to the process wastewater inflow to the impoundment.

Regulatory History:

Vertac Chemical Corporation completed a Part A spplication in November, 1980,
to operate the impoundment under the interim status (Part 265) regulations of
the hazardous waste rules. However, Vertac's processes are not listed under
the hezardous waste regulations as a process to be regulated. Also, the
discharge of wastewater containing discarded commercial chemical products, or
chemical intermediates, which are listed, is not regulated if they constitute
"de minimis losses". BPC has taken the position that the facility is so
sloppily operated that the wastewater entering the impoundment is considered to
be a hazardous waste and not "de minimis losses”™. Therefore, we have continued
to regulate the facility.

In August, 1983, Vertac Chemical Corporation submitted & Part B spplication %o
receive a final permit to operate the impoundment. The Part B application is
not complete. The facility has changed closure plan several timez and is still:
collecting groundwater data to characterize apparent groundwater

contamination. One well near the impoundment has detected 1 ppm of DNBP.

Yertac Proposal: -

Vertac Chemical Corporation has asked BPC to consider a proposal to revise
process sewer drains around the DNEP process, formulating and packaging areas
guch that DNBP spills and water used to clean up the spills will be contained
locally and not drain to the surface impoundment. Vertac would also remove
contaminated sludge and soil in the impoundment to & specified level. The
impoundment would then be considered closed under RCRA and groundwater
monitoring/clean-up would continue under post-closure.

- Problems:

The future inflow to the impoundment could be monitored to insure that
cohcentrations are low enough to be considered "de minimis losses™. However,
the proposed closure of the impoundment would not fit EPA's requirement for
closure as a landfill (capping) since some soil contamination will most
probably be left and evidence indicates groundwater contamination may exist.
The Industrial Wastewater Section believes the impoundment should be left open
to treat runoff from the plant and act as an emergency spill control
impoundment under NPDES.



“

BPC Options:

1. Withdraw interim status for the facility and obtain a Commigsion Order or
Consent Decree allowing the facility to close the impoundment &s proposed
and allowing continued use of the impoundment under NPDES. Also, require
groundwater assessment/clean-up. -

2. Require Vertac to complete the Part B including a closure plan describing a
l1andfill closure (capping). Then after new process sumps have been
constructed, allow the facility to amend the closure plan te clean the
impoundment 4o our satisfaction and continue operating under NFDES.
Groundwater monitoring/clean-up would be covered under a RCRA post-closure
permit.

s wredociog ¥ plni Heser biwy A

3. Require Jertac to complete the Part B application widl closure’ as=e
1andfill {capping). Within four years, require Vertac to either retrofit
the impoundment {double liner and double leachate collection system) as per
RCRA Resuthorization law or close the impoundment as a landfill. Closing
as a landfill would mesn the fmcility would have to construct a new NPDES
impoundment which would only accept run-of f from the plant.
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Cadmium; CASRN 7440-43-9 (01/01/92)
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Vanadium pentoxide; CASRN 1314-62-1 (01/01/92)
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Arsenic, inorganic; CASRN 7440-38-2 (01/01/92)

Health risk assessment information on a chemical is included in IRIS only
after a comprehensive review of chronic toxicity data by work groups composed'

of U.S. EPA scientists from several Program Offices. The summaries presented



R
in Sections I and II represent a consensus reached in the review process. The
other sections contain U.S. EPA information which is specific to a particular
EPA program and has been subject to review procedures prescribed by that
Program Officé. The regulatory actions in Section IV may not be based on the
most current risk assessment, or may be based on a current, but unreviewed,
risk assessment, and may take into account factors other than health effects
(e.g., treatment technology). When considering the use of regulatory action
data for a particular situation, note the date of the regulatory action, the
date of the most recent risk assessment relating to that action, and whether
technological factors were considered. Background information and explan4
ations of the methods used to derive the values given in IRIS are provided in
the five Background Documents in Service Code 5, which correspond to Sections

I through V of the chemical files,

STATUS OF DATA FOR Arsenic, inorganic

File On-Line 02/10/88

Category (section) Status Last Revised
Oral RfD Assessment (I.A.) ' : on-line 10/01/91
Inhalation RfC Assessment (I.B.) no data

Carcinogenicity Assessment (II.) on-line 02/01/91

Drinking Water Health Advisories (III.A.) no data



U.S5. EPA Regulatory Actions (IV.) on-line 01/01/92

Supplementary Data (V.) no data

_I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS

__T.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)

Substance Name —-- Arsenic, inorganic
CASRN ~- 7440-38-2

Last Revised -- 10/01/91

The Reference Dose (RfD) is based on the assumption that thresholds exist for
certain toxic effects such as cellular necrosis, but may not exist for other
toxic effects such as carcinogenicity. In general, the RED is an estimate
(with uncertainty spanning perhaps an order of maqnitude) of a daily exposure
to the human population (including sensitive subgroups) that is likely to be
without an appreciable risk of deleterious effects during a lifetime. Please
refer to Background Document 1 in Service Code 5 for an elaboration of these
concepts. RfDs can also be derived for the noncarcinogenic health effects of
compounds which are also carcinogens. Therefore, it is essential to refer to
other sources of information concerning the carcinogenicity of this substance.
If the U.S. EPA has evaluated this substance for potential human carcinogen-

icity, a summary of that evaluation will be contained in Section II of this




file when a review of that evaluation is completed.
<<< Arsenic, inorganic >>>

NOTE: There was not a clear consensus among Agency scientists on the oral
RfD. Applying the Agency’s RfD methodology, strong scientific arguments can
be made for various values within a factor of 2 or 3 of the cufrently
recommended RED value, i.e., 0.1 to 0.8 ug/kg/day. It should be noted,
however, that the RID methodology, by definition, yields a number with
inherent uncertainty spanning perhaps an order of magnitude. New data that
possibly impact on the recommended RfD for arsénic will be evaluated by the
Work Group as it becomes available. Risk managers should recognize the
considerable flexibility afforded them in formulating regulatory decisions

when uncertainty and lack of clear consensus are taken into account.

I.A.1. ORAL RfD SUMMARY

Critical Effect Experimental Doses#* UF MF RED
Hyperpigmentation, KROAEL: 0.009 mg/L 3 1

keratosis and converted to 0.0008

possible vascular mg/kg/day

complications

LOAEL: 0.17 mg/L converted
Human chronic to 0.014 mg/kg/day

oral exposure

Tseng, 1977;

Tseng et al., 1968




- *Conversion Factors: NOAEL was based on an arithmetic mean of 0.009 mg/L in a
range of arsenic concentration of 0.001 to 0.017 mg/L. This NOAEL also
included estimatibn of arsenic from food. Since experimental data were
missing, arsenic concentrations in sweet potatoes and rice were estimated as
0.002 mg/day. Other assumptiohs included consumption of 4.5 L water/day and
55 kg bw (Abernéthy et al., 1989). NOAEL = [(0.009 myg/L x 4.5 L/day) + 0.002
ng/day] / 55 kg = 0.0008 mg/kg/day. The LOAEL dose was estimated using the
same assumptions as the NOAEL starting with an arithmetic mean water
concentration from Tseng (1977) of 0.17 mg/L. LOAEL = [(0.17 mg/L x 4.5

L/day) + 0.002 mg/day] / 55 kg = 0.014 mg/kg/day.

<<< Arsenic, inorganic >>>»
I.A.2. PRINCIPAL AND SUPPFORTING STUDIES (ORAL RfD)

Tseng, W.P. 1977. Effects and dose-response relationships of skin cancer and

blackfoot disease with arsenic. Environ. Health Perspect. 19: 109-119.

Tseng, W.P., H.M. Chu, S.W. How, J.M. Fong, C.S. Lin and S. Yeh. 1968.
Prevalence of skin cancer in an endemic area of chronic arsenicism in Taiwan.

J. Natl. Cancer Inst. 40: 453-463,

The data reported in Tseng (1977) show an increased incidence of blackfoot
disease that increases with age and dose. Blackfoot disease is a significant
adverse effect. The prevalences (males‘and females combined) at the low dose
are 4.6 pef 1000 for the 20-39 year group, 10.5 per 1000 for the 40-59 year
group, and 20.3 per 1000 for the »>60 year group. Moreover, the prevalence of
blackfoot disease in each age group increases with increasing dose. However,

a recent report indicates that it may not be strictly due to arsenic exposure



(Lu, 1990). The data in Tseng et al. (1968) also show increased incidences of
hyperpigmentation and keratosis with_age. The overall prevalences of
hyperpigmentation and keratosis in the exposed groups are 184 and 71 per 1000,
respectively. The text states that the incidence increases with dose, but
data for the individual doses are not shown.. These data show that the skin
lesions are the more sensitive endpoint. The low dose in the Tseng (1977)

study is considered a LOAEL.

The control group described in Tseng et al. (1968; Table 3) shows no
evidence of skin lesions and presumably blackfoot disease, although this

latter point is not explicitly stated. This group is considered a NOAEL.

The arithmetic mean of the arsenic concentration in the wells used by the
individuals in the NOAEL group is 9 ug/L (fange: 1-17 ug/L) (Abernathy et al.,
1989). The arithmetic mean of the arsenic concentration in the wells used by
the individuals in the LOAEL group is 170 ug/L (Tseng, 1977; Figure 4). Using
estimates provided by Abernathy et al. (1989), the NOAEL and LOAEL doses for
both food and water are as follows: LOAEL - [170 ug/L x 4.5 L/day + 2 ug/day
(contfibution of food)] x (1/55 kg) = 14 ug/kg/day; NOAEL - [9 ug/L x 4.5

L/day + 2 ug/day (contribution of food)] x (1/55 kg) = 0.8 ug/kg/day.

Although the control group contained 2552 individuals, only 957
(approximately 38%) were older than 20, and only 431 (approximately 17%) were
older than 40. The incidence of skin lesions increases sharply in individuals
above 20; the incidence of blackfoot disease increases sharply in individuals
above 40 (Tseng, 1968; Fiqures 5, 6 and 7). This study is less powerful than
it appears at first glance. However, it is certainly the most powerful study

available on arsenic exposure to people.

This study shows an increase in skin lesions, 22% (64/296) at the high



dose vs. 2.2% (7/318) at the low dose. The average arsenic concentration in
the wells at the high dose is 410 ug/L and at the low dose is 5 ug/L (Cebrian
et al., 1983; Figure 2 and Table 1) or 7 ug/L (cited in the abstract). The
average water consumption is 3.5 L/day for males and 2.5 L/day for females.
There were about an equal number of males and females in the study. For the
dose estimates given below we therefore assume an average of 3 L/day. No data
are given on the arsenic exposure from food or the body weight of the
participants (we therefore assume 55 kg). The paper states that exposure
times are directly related to chronological age in 75% of the cases.
Approximately 35% of the participants in the study are more than 20 years old

(Figure 1).

Exposure estimates (water only) are: high dose - 410 ug/L x 3 L/day X
(1/55 kg) = 22 ug/kg/day; low dose -~ 5-7 ug/L x 3 L/day x (1/55 kg) = 0.3~0.4

ug/kg/day.

The high-dose group shows a clear increase in skin lesions and is
therefore designated a LOAEL. There is some questioﬁ whether the low dose is
a NOAEL or a LOAEL since there is no way of knoﬁing what the incidence of skin
lesions would be in a group where the exposure to arsenic is zero. The 2.2%
incidence of skin lesions in the low~-dose group is higher than that reported
in the Tseng et al. (1968) control group, but the dose is lower (0.4 vs. 0.8

ug/kg/day) .

The South@ick et al. (1983) study shows a marginally increased incidence
of a variety of skin lesions (palmar and plantar keratosis, diffuse palmar or
plantar hyperkeratosis, diffuse pigmentation, and arterial insufficiency) in
the individuals exposed to arsenic. The incidences are 2.9% (3/105) in the
control group and 6.3% (9/144) in the exposed group. There is a slight, but

not statistically significant increase in the percent of exposed individuals



that have abnormal nerve conduction (8/67 wvs. 13/83, or 12% vs. 16% (Southwick
et al., 1983; Table 8). The investigators excluded all individuals older than
47 from the nerve conduction portion of the study. These are the individuals

most likely to have the longest exposure to arsenic.

Although neither the increased incidence of skin lesions nor the increase
in abnormal nerve conduction is statistically significant, these effects may
be biologically significant because the same abnormalities occur at higher
doses in other studies. The number of subjects in this study was insufficient

to establish statistical significance.

Table 3 (Southwick et al., 1983) shows the annual arsenic exposure from
drinking water. No data are given on arsenic exposure from food or the body
weight (assume 70 kg). Exposure times are not clearly defined, but are >5

years, and dose groups are ranges of exposure.

Exposure estimates (water only) are: dosed group - 152.4 mg/year x 1

Year/365 days x (1/70) kg = 6 ug/kg/day; control group - 24.2 mg/year X

year/365 days x (1/70) kg 0.9 ug/kg/day.

Again because there are no data for a group not exposed to arsenic, there
is some guestion if the control group is a NOAEL or a LOAEL. The incidence of
skin lesions in this group is about the same as in the low-dose group from the
Cebrian et al. (1983) study; the incidence of abnormal nerve conduction in the
contrcl group is higher thﬁn that from the low-dose group in the Hindmarsh et
al. (1977) study described below. The control dose is comparable to the dose
to the control group in the Tseng et al. (1968) and Hindmarsh et al. (1977)
studies. The dosed group may or may not be a LOAEL, since it is does not

report statisically significant effects when compared to the control.



This study shows an increased incidence of abnormal clinical findings and
abnormal electromyographic findings with increasing dose of arsenic (Hindmarsh
et al., 1977; Tables III and VI). However, the sample size is extremely
small. Percentages of abnormal clinical signs possibly attributed to As were
10, 16, and 40% at the low, mid and high doses, respectively. Abnormal EMG

were 0, 17 and 53% in the same three groups.

The exact doses are not given in the Hindmarsh et al. (1977) paper;
however, some well data are reported in Table V. The arithmetic mean of the
arsenic concentration in the high-dose and mid-dose wells is 680 and 70 ug/L,
respectively. Figure 1 (Hindmarsh et al., 1977) shows that the average
arsenic concentration of the 1ow—dosé wells is about 25 ug/L. No data are
given on arsenic exposure from food. We assume daily water consumption of 2

liters and body weight of 70 kg. Exposure times are not clearly stated.

Exposure estimates (water only) are: 1low - 25 ug/L x 2 Lfday x (1/70) kg

]

0.7 ug/kg/day; mid - 70 ug/L x 2 L/day x (1/70) kg = 2 ug/kg/day; high - 680
ug/L x 2 L/day x (1/70) kg = 19 ug/kg/day.

The low dose is a no-effect level for abnormal EMG findings. However,
because there is no information on the background incidence of abnormal
clinical findings in a population with zero exposure to arsenic, there is no
way of knowing if the low dose is a no-effect level or another marginal
effect level for abnormal clinical findings. The low dose is comparable to
the dose received by the control group in the Tseng (1977) and Southwick et

al. (1983) studies,

The responses at the mid dose do not show a statistically significant
increase but are part of a statistically significant trend and are

biologically significant. This dose is an equivocal NOAEL/LOAEL. The high



dose is a clear LOAEL for both responses.

a8 discussed previously there is no way of knowing whether the low doses
in the Cebrian et al. (1983), Southwick et al. (1983) and Hindmarsh et al.
(1977) studies are NOAELs for skin lesions and/or abnormal nerve conduction.
However, because'the next higher dose in the Southwick and Hindmarsh studies
only shows marginal effects at doses 3-7 times higher, the Agency feelé

comfortable in assigning the low doses in these studies as NOAELs.

The Tseng (1977) and Tseng et al. (1968} studies are therefore considered
superior for the purposes of developing an RfD and show a NOAEL fof a
sensitive endpoint. Even discounting the people <20 years of age, the control
group consisted of 957 people that had a lengthy exposure to arsenic with no

evidence of skin lesions.

The following is a summary of the defined doses in mg/kg/day from the

principal and supporting studies:

1) Tseng (1977): NOAEL = 8E-4; LOAEL = 1,4E-2

2) Cebrian et al. (1983): NOAEL = 4E-4; LOAEL = 2.2E-2

3) Southwick et al. (1983): NOAEL = 9E-4; LOAEL = none (equivocal effects at
6E=-3)

4) Hindmarsh et al., 1977: NOAEL = 7E-4; LOAEL = 1.9E-2 (egquivocal effects at

2E-3)
<<< Arsenic, inorganic >>>
I.A.3. UNCERTAINTY AND MODIFYING FACTORS (ORAL RfD)

UF = 3. The UF of 3 is to account for both the lack of data to preciude




reproductive toxicity as a critical effect and to account for some uncertainty
in whether the NOAEL of the critical study accounts for all sensitive

individuals.

<<< Arsenic, inorganic >>>

__T.A.4. ADDITIONAL STUDIES / COMMENTS (ORAL RfD)

Ferm and Carpenter (1968) produced malformations in 15-day hamster fetuses
via intravenous injections of sodium arsenate into pregnant dams on day 8 of
gestation at dose levels of 15, 17.5, or 20 mg/kg bw. Exencephaly,
encephaloceles, skeletal defects and genitourinary systems defects were
produced. These and other terata were produced in mice and rats all at levels
around 20 mg/kg bw. Minimal effects or no effects on fetal development have
been observed in studies on chronic oral exposure of prégnant rats or mice to
relatively low levels of arsenic via drinking water (Schroeder and Mitchner,
1971) . Nadeenko et al. (1978) reported that intubation of rats with arsenic
solution at a dose level of 25 ug/kg/day for a period of 7 months, including
pregnancy, produced no significant embryotoxic effects and only infrequent
slight expansion of ventricles of the cerebrum, renal pelves and urinary
bladder. Hoo& et al. (1977) reported that very high single oral doses of
arsenate solutions.(lzo mg/kg) to pregnant mice were necessary to cause
prenatal fetal toxicity, while multiple doses of 60 mg/kg on 3 days had littlé
effect.

Extensive human pharmacokinetic, metabolic, enzymic and long-term
information is known about arsenic and its metabolism. Valehtine et al.

(1987) established that human blood arsenic levels did not increase until



daily water ingestion of aréenic exceeded approximately 250 ﬁgjday
(approximately 120 ug of arsenic/L. Methylated species of arsenic are
successively 1 order of magnitude less toxic and less teratogenic. Some
evidence suggests that inorganic arsenic ié an essential nutrient in goats,

chicks, mini pigs and rats. No comparable data are available for humans.
<<< Arsenic, inorganic >>>
I.A.5. CONFIDENCE IN THE ORAL RfD

Study: Medium
Data Base: Medium

RfD: Medium

confidence in the chosen study is considered medium. An extremely large
number of pedple were included in the assessment (>40,000) but the doses were
not well-characterized and other contaminants were present. The supporting
human toxicity data base is extensive but somewhat flawed. Problems exist
with all of the epidemiological studies. For example, the Tseng studies do
not look at potential exposure from food or other source. A similar criticism
can be made of the Cebrian et al. (1983) study. The U.S. studies are too
small in number to resolve several issues. However, the data base does
support the choice of NOAEL. It garners medium confidence. Medium confidence

in the RfD follows.
<<< Arsenic, inorganic >>>
I.A.6. EPA DOCUMENTATION AND REVIEW OF THE ORAL RfD

Source Document -- The only U.S. EPA documentation for this RfD is on IRIS.



Other EPA Documentation -- U.S. EPA, 1984, 1988

Source Document Review -- This analysis has been reviewed by EPA’s Risk

Assessment Council on 11/15/90.
This assessment was discussed by the Risk Assessment Council of EPA on
11/15/90 and verified through a series of meetings during the 1st, 2nd and

3rd quarters of FY91.

Agency Work Group Review: 03/24/88, 05/25/88, 03/21/89, 09/19/89, 08/22/90,

09/20/90

Verification Date: 11/15/90

I.A.7. EPA CONTACTS (ORAL RED)

Charles Abernathy / OW -- (202)260-5374 / FTS 260-~5374

Michael Dourson / ORD -- (513)569-7533 / FTS 684-7533

__I.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RfC)

Substance Name -- Arsenic, inorganic



CASRN —-- 7440-38-2

Not available at this time.

_IT. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

Substance Name -- Arsenic, inorganic
CASRN -—- 7440-38-2

Last Revised =-- 02/01/91

Section II provides information on three aspects of the carcinogenic risk
assessment for the agent in question; the U.S. EPA classifiéation, and quant-
itative estimates of risk from oral exposure and from inhalation exposure.

The classification reflects a weight-of-evidence judgment of the likelihood
that the agent is a human carcinogen. The gquantitative risk estimates are
presented in three ways. The slope factor is the result of application of a
low-dose extrapolation procedure and is presented as the'risk per (mg/kg)/day.
The unit risk is the quantitative estimate in terms of either risk per ug/L
drinking water or risk per ug/cu.m air breathed. The third form in which risk
is presented is a drinking water or air concentration providing cancer risks
of 1 in 10,000, 1 in 100,000 or 1 in 1,000,000. Background Document 2
(Service Code 5) provides details on the rationale and methods used to derive

the carcinogenicity values found in IRIS. Users are referred to Section I for



information on long-term toxic effects other than carcinogenicity.
<<< Arsenic, inorganic >>>

__IT.A. EVIDENCE FOR CLASSIFICATION AS TO HUMAN CARCINOGENICITY

IT.A.1. WEIGHT-OF-EVIDENCE CLASSIFICATION
Classification -- A; human carcinogen

Basis ~- based on observation of increased lung cancer mortality in
populations exposed primarily through inhalation and on increased skin cancer
incidence in several populations consuming drinking water with high arsenic

concentrations.
<<< Arsenic, inorganic >>>
IT.A.2. HUMAN CARCINOGENICITY DATA

Studies of smelter worker populations (Tacoma, WA; Magma, UT; Anaconda,
MT; Ronnskar, Sweden; Saganoseki-Machii, Japan) have all found an
association between occupational arsenic exposure and lung cancer mortality
(Enterline and Marsh, 1982; Lee-Feldstein, 1983; Axelson et al., 1978;
Tokudome and Kuratsune, 1976; Rencher et al., 1977). Both proportionﬁte
mortality and cohort studies of pesticide manufacturing workers have shown
an excess of lung cancer deaths among exposed persons (Ott et al., 1974;
Mabuchi et al., 1979). One study of a population residing near a pesticide
manufacturing plant revealed that these residents were also at an excess

risk of lung cancer (Matanoski et al., 1981). Case reports of arsenical



pesticide applicators have also demonstrated an association between arsenic

exposure and lung cancer (Roth, 1958).

B cross-sectional study of 40,000 Taiwanese exposed to arsenic in
drinking water found significant excess skin cancer prevalence by comparison
to 7500 residents of Taiwan and Matsu who consumed relatively arsenic-free
water (Tseng et al., 1968). This study design limited its usefulness in risk
estimation. Arsenic-induced skin cancer has also been attributed to water
supplies in Chile, Argentina and Mexico (Borgono and Greiber, 1972;
Bergoglio, 1964; Cebrian et al., 1983). No excess skin cancer incidence has
been observed in U.S. residents consuming relatively high levels of arsenic
in drinking water (Morton et al., 1976; Southwick et al., 1981). The results
of these U.S., studies, however, are not necessarily inconsistent with the
existing findings from the foreign populations. The statistical powers of the

U.S. studies are considered to be inadequate because of the small sample size.

A follow-up study (Tseng, 1977) of the population living in the same area
of Taiwan, where arsenic contamination of the water supply was endemic, found
significantly elevated standard mortality ratios for cancer of the bladder,
lung, liver, kidney, skin and colon. This study of bladder, liver and lung
cancer cases in the endemic area found a significant association with arsenic
exposure that was dose-related. The association of arsenic ingestion and
cancer of various internal organs has also been cited in a number of case
reports (Chen et al., 1985, 1986). Persons treated with arsenic-containing
medicinals have also been shown to be at a risk of skin cancer (Sommers and

McManus, 1953).
<<< Arsenic, inorganic >>>

IT.A.3. ANIMAL CARCINOGENICITY DATA



None. There has not been consistent demonstration of arsenic
carcinogenicity in test animals for various chemical forms administered by
different routes to several species (IARC, 1980). There are some data to
indicate that arsenic may produce animal tumors if retention time in the lung

can be increased (Pershagen et al., 1982, 1984).

<<< Arsenic, inorganic >>>
IT.A.4, SUPPORTING DATA FOR CARCINOGENICITY

Sodium arsenate has been shown to transform Syrian hamster embryo cells
(Dipaclo and Casto, 1979) and to produce sister-chromatid-exchange in DON
cells, CHO cells and human peripheral lymphocytes exposed in vitro (Wan et
al., 1982; Ohno et al., 1982; Larramendy et al., 1981; Andersen, 1983;
Crossen, 1983). While arsenic compounds have not been shown to mutate

bacterial strains, it produces preferential killing of repair deficient

strains (Rossman, 1981).

————————— <<< Arsenic, inorganic >>>-——————--

_II.B. OQUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE

The Risk Assessment Forum has completed a reassessment of the
carcinogenicity risk associated with ingestion of inorganic arsenic. This
report, which has been extensively peer-reviewed by outside reviewers
(including SAB review) concluded that the most appropriate basis for an oral

quantitative estimate was the study by Tseng et al. (1977), which reported



increased prevalence of skin cancers in humans as a consequence of arsenic
exposure in drinking water. Based on this study a unit risk of 5E-5/ug/L was

proposed.

A recent memorandum‘by the Administrator of the EPA recommended that the
above unit risk be adopted. The memorandum further counsels that "in reaching
risk management decisions in a specific situation, risk managers must
recognize and consider the gqualities and uncertainties of risk estimates. The
uncertainties associated with ingested inorganic arsenic are such that
estimates could be modified downwards as much as an order of magnitude,
relative to risk estimates associated with most other carcinogens. In such
instances, the management document must clearly articulate this fact and state

the factdrs that influenced such a decision."

__II.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

IT.C.1. SUMMARY OF RISK ESTIMATES

Inhalation Unit Risk -- 4.3E-3/ug/cu.m

Extrapolation Method -- absolute-risk linear model

Air Concentrations at Specified Risk Levels:

Risk Level ' Concentration



E-4 (1 in 10,000) 2E-2 ug/cu.m
E-S5 (1 in 100,000) 2E-3 ug/cu.m

E-6 (1 in 1,000,000) 2E-4 ug/cu.m
<<< Arsenic, inorganic >>>
IT.C.2. DOSE-RESPONSE DATA FOR CARCINOGENICITY, INHALATION EXPOSURE
Tumor Type -~ lung cancer
Test Animals -- human, male
Route -~ inhalation, occupational exposure

Reference -- Brown and Chu, 1983a,b,c; Lee-Feldstein, 1983; Higgins, 1982;

Enterline and Marsh, 1982

Ambient Unit Risk Estimates

Exposure Unit Geometric Mean Final Estimates
Source Study ~ Risk Unit Risk Unit Risk
Anaconda Brown and cChu, 1.25 E-3

smelter 1583a,b,c
Lee-Feldstein, 1983 2.80 E-3 2.56 E-3
Higgins, 1982; 4.90 E-3 4.29 E-3
Higgins et al., 1982;

Welch et al., 1982

ASARCO Enterline and 6.81 E-3 7.19 E-3

smelter Marsh, 1982 7.60 E~3



<<< Arsenic, inorganic >>>
I1.C.3. ADDITIONAL COMMENTS (CARCINOGENICITY, INHALATION EXPOSURE)

A geometric mean was obtained for data sets obtained within distinct
exposed populations (U.S. EPA, 1984). The final estimate is the geometric
mean of those two values. It was assumed that the increase in age-specific

mortality rate of lung cancer was a function only of cumulative exposures.

The unit risk should not be used if the air concentration exceeds 2

ug/cu.m, since above this concentration the unit risk may not be appropriate.
<<< Arsenic, inorganic >>>
ITI.C.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, INHALATION EXPOSURE{
Overall a large study population was observed. Exposure assessments
included air measurements for the Anaconda smelter and both air measurements
and urinary arsenic for the ASARCO smelter. Observed lung cancer incidence
was significantly increased over expected values. The range of the

estimates derived from data from two different exposure areas was within a

factor of 6.

————————— <<< Arsenic, inorganic >>>=c-—eee--

__II.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS (CARCINOGENICITY ASSESSMENT)



IT1.D.1. EPA DOCUMENTATION

U.S. EPA. 1984. Health Assessment Document for Inorganic Arsenic.

Environmental Criteria and Assessment Office, Research Triangle Park, NC.

EPA 600/8-83-021F.

<<< Arsenic, inorganic >>>

I1.D.2. REVIEW (CARCINOGENICITY ASSESSMENT)

The 1984 Health Assessment Document for Inorganic Arsenic received

Agency and external review including a review by SAB.
Agency Work Group Review: 01/13/88

Verification Date: 01/13/88

II.D.3. U.S., EPA CONTACTS (CARCINOGENICITY ASSESSMENT)
Herman J. Gibb / ORD -~ (202)260-5898 / FTS 260-5898

Chao W. Chen / ORD -- (202)260-5898 / FTS 260-5898

_IIT. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS



__IIT.A. DRINKING WATER HEALTH ADVISORIES

Substance Name -- Arsenic, inorganic

CASRN == 7440-38-2

Not available at this time.

__IIT.B. OTHER ASSESSMENTS

Substance Name =-- Arsenic, inorganic

CASRN —-- 7440-338-2

Content to be determined.

_IV. U.S. EPA REGULATORY ACTIONS

Substance Name -- Arsenic, inorganic



CASRN -- 7440-38-2

Last Revised -~ 01/01/92

EPA risk assessments may be updated as new data are published and as
assessment methodologies evolve. Regulatory actions are frequently not
updated at the same time. Compare the dates for the regulatory actions in
this section with the verification dates for the risk assessments in sections
I and II, as this may explain inconsistencies. Also note that some regulatory
actions consider factors not related to health risk, such as technical or
economic feasibility. Such considerations are indicated for each action. In
addition, not all of the regqulatory actions listed in this section involve
enforceable federal standards. Please direct any questions you may have
concerning these regulatory actions to the U.S. EPA contact listed for that
particular action. Users are Strongly urged to read the background inform-

ation on each regulatory action in Background Document 4 in Service Code 5.
<<< Arsenic, inorganic >>>
__IV.A. CLEAN AIR ACT (CAA)

No data available

--------- <<< Arsenic, inorganic >>>--————we-

__IV.B. SAFE DRINKING WATER ACT (SDWA)



IV.B.1. MAXIMUM CONTAMINANT LEVEL GOAL (MCLG) for Drinking Water
Value' (status) -- 0.05 mg/L (Proposed, 1985) '
Considers technological or economic feasibility? -~ NO
Discussion -—- BAn MCLG of 0.05 mg/L for arsenic is proposed based on the
current MCL of 0.05 mg/L. Even though arsenic is potentially carcinogenic in
humans by inhalation and ingestion, its potential essential nutrient value was
considered in determination of an MCLG. The basis for this evaluation is
nutritional requirements by NAS (NAS, 1983, Vol. 5, Drinking Water and
Health, National Academy of Sciences Press, Washington, DC.)

Reference -- 50 FR 46936 (11/13/85)

EPA Contact -- Health and Ecological Criteria Division / OST /

(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791
<<< Arsenic, inorganic >>>

IV.B.2. MAXIMUM CONTAMINANT LEVEL (MCL) for Drinking Water

Value (status) =-- 0.05 mg/L (Interim, 1980)
Considers technological or economic feasibility? -- YES
Discussion -- As an interim measure the U.S. EPA is using the value

previously derived by the Public Health Service.

Monitoring requirements -- Ground water systems every three years; surface



water systems annually.

Analytical methodology -~ Atomic absorption/furnace technique (EPA 206.2;

SM 304); atomic absorption/gaseous hydride (EPA 206.3; SM 303E; ASTM

D-2972-78B)

Best available technology =-- No data available;

Reference -- 45 FR 57332 (08/27/80); 50 FR 46936 {11/13/85)
EPA Contact -- Drinking Water Standards Division / OGWDW /

(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

<<< Arsenic, inorganic >>>

IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

No data available
<<< Arsenic¢, inorganic >>>
IV.B.4. REQUIRED MONITORING OF "“UNREGULATED" CONTAMINANTS

Ro data available

__IV.C. CLEAN WATER ACT (CWA)



___Iv.C.1l. AMBIENT WATER QUALITY CRITERIA, Human Health

Water and Fish Consumption -- 2.2E-3 ug/L

Fish Consumption Only -- 1.75E=-2 ug/L

Considers technological or economic feasibility? -- NO

Discussion -- For the maximum protection from the potential carcinogenic
properties of this chemical, the ambient water concentration should be zero.

However, zero may not be attainable at this time, so the recommended criteria

represents a E-6 estimated incremental increase of cancer risk over a

lifetime.
Reference -- 45 FR 79318 (11/28/80)

EPA Contact -~ Criteria and Standards Division / OWRS

{202)260-1315 / FTS 260-1315
<<< Arsenic, inorganic >>>
IV.C.2. AMBIENT WATER QUALITY CRITERIA, Aquatic Organisms

Freshwater:

Acute -- 3.6E+2 ug/L (Arsenic III)

Chronic -- 1.9E+2 ug/L (Arsenic III)



Marine:

Acute == 6.9E+1 ug/L (Arsenic III)

Chronic -- 3.6E+1 ug/L (Arsenic III)
Considers technological or economic feasibility? -- NO
Discussion -~ The criteria given are for Arsenic III. Much less data are
available on the effects of Arsenic V to aquatic organisms, but the toxicity

seems to be less. A complete discussion may be found in the referenced

notice.
Reference -~ 50 FR 30784 (07/29/85)

EPA Contact -- C(riteria and Standards Division / OWRS

(202)260-1315 / FTS 260-1315

_ IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)

IV.D.1. PESTICIDE ACTIVE INGREDIENT, Registration Standard

Status -- Issued (1988)

Reference -- Arsenic, Chromium and Chromated Arsenical Compounds Pesticide

Registration Standard. June, 1988. [NTIS# PB89-102842]



EPA Contact =-- Registration Branch / OPP

(703)557-7760 / FTS 557=-7760

<<< Arsenic, inorganic =>>>

IV.D.2.a. PESTICIDE ACTIVE INGREDIENT, Special Review

Action -~ Final regulatory decision - PD4 (1988) [non-wood use]
Considers technological or economic feasibility? -- NO
Summary of requlatory action -- Cancellation of specified uses. Registrant

of lead arsenate voluntarily canceled 09/87. Registrant of calcium arsenate
voluntarily canceled 02/14/89. Use of sodium arsenate as ant bait canceled
on 07/26/89. Criterion of concern: oncogenicity, mutagenicity and
teratogenicity.

Reference -- 53 FR 24787 (06/30/88)

EPA Contact -- Special Review Branch / OPP

(703)557-7400 / FTS 557-7400

<<< Arsenic, inorqanic >>>

l___IV.D.Z.b. PESTICIDE ACTIVE INGREDIENT, Special Review
Action -- Final requlatory decision - PD4 (1984) ([wood use]

Considers technological or econcmic feasibility? -- No




Summary of regulatory action -- Requires label changes including a restricted
use classification. Criterion of concern: oncogenicity, mutagenicity and

teratogenicity.
Reference -- 49 FR 28666 (07/13/84) [NTIS# PB84-241538]; 49 FR 43772
(10/31/84) ;

50 FR 4269 (01/30/85)

EPA Contact ~~ Special Review Branch / OPP

(703)557-7400 / FTS 557-7400

<<< Arsenic, inorganic >>>

IV.D.2.c. PESTICIDE ACTIVE INGREDIENT, Special Review

Action -- Voluntary Cancellation of copper arsenate (1977)
Considers technological or economic feasibility? -- NO
Summary of regulatory action =-- Voluntary cancellation. Criterion of

concern: oncogenicity.

Reference == 42 FR 18422 (04/07/77)

EPA Contact =-- Special Review Branch / OPP

(703)557-7400 / FTS 557-7400

<<< Arsenic, inorganic >>>



IV.D.2.d. PESTICIDE ACTIVE INGREDIENT, Special Review
Action -- Voluntary Cancellation of sodium arsenite (1978)
Considers technological or economic feasibility? -- NO

Summary of regulatory action -- Voluntary cancellation of two products.

Criterion of concern: oncogenicity, mutagenicity and teratogenicity.
Reference -- 43 FR 48267 (10/18/78)

EPA Contact -~ Special Review Branch / OPP

(703)557=-7400 / FTS 557-~7400

--------- <<< "Arsenic, inorganic >>>--cccwee-

__IV.E. TOXIC SUBSTANCES CONTROL ACT (TSCA)

Ho data available

--------- <<< Arsenic, inorganic >>>=======--

__IV.F. RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)

IV.F.1l. RCRA APPENDIX IX, for Ground Water Monitoring



Status -~ Listed
Reference -- 52 FR 25942 (07/09/87)

EPA Contact --  RCRA/Superfund Hotline

(800)424-9346 / (202)260-3000 / FTS 260-3000

--------- <<< Arsenic, inorganic >>>ececce---

__IV.G. SUPERFUND (CERCLA)

IV.G.1. REPORTABLE QUANTITY (RQ) for Release into the Environment
Value (status) -- 1 pound (Final, 1989)
Considers technological or economic feasibility? -- NO

Discussion -- The l-pound RQ for arsenic is based on its potential
carcinogenicity. Available data indicate a hazard ranking of high based on a
potency factor of 142.31/mg/kg/day and a weight-of-evidence group A, which
corresponds to an RQ of 1 pound. Evidence found in "Water-Related
Environmental Fate of 129 Priority Pollutants" (EPA 440/4-79-029%9a) also
indicates that this material, or a constituent of this material, is
bicaccumulated to toxic levels in the tissue of agquatic and marine organisms,
and has the potential to concentrate in the food chain. Reporting of releases

of massive forms of this hazardous substance is not required if the diameter



of the pieces released exceeds 100 micrometers (0.004

Reference -- 54 FR 33418 (08/14/89)

EPA Contact -- RCRA/Superfund Hotline

(800)424-9346 / (202)260-3000 / FTS 260-3000

inches).

_V. SUPPLEMENTARY DATA

Substance Name ~- Arsenic, inorganic

CASRN -- 7440-38-2

Not available at this time.
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Substance Name =-- Arsenic, inorganic
CASEN =-- 7440-38-2

Last Revised -- 09/01/91
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__VI.D. DRINKING WATER HA REFERENCES

None

SYNONYMS

Substance Name -- Arsenic, inorganic
CASRN =-- 7440-38-2

~ Last Revised -- 02/10/88

7440-38=-2
‘ Arsenic
Arsenic, inorganic

gray-arsenic



EPA Contact -- Drinking Water Standards Division / OGWDW /

(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791
<<< Toxaphene >>>

___IVv.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

No data available

<<« Toxaphene >>>

IV.B.4. REQUIRED MONITORING

Toxaphene; CASRN 8001-35-2 (01/01/92)

Health risk assessment information on a chemical is included in IRIS only
after a comprehensive review of chronic toxicity data by work groups composed
of U.S. EPA scientists from several Program Offices. The summaries presented
in Sections I and II represent a consensus reached in the review process. The
other sections contain U.S. EPA information which is specific to a particular
EPA program and has been subject to review procedures prescribed by that
Program Office. The regulatory actions in Section IV may not be based on the
most current risk assessment, or may be based on a current, but unreviewed,

risk assessment, and may take into account factors other than health effects



(e.g., treatment technology). When considering the use of regulatory action
data for a particular situation, note the date of the regulatory action, the
date of the most recent risk assessment relating to that action, and whether
technological.factors were considered. Background information and explan-

ations of the methods used to derive the values given in IRIS are provided in
the five Background Documents in Sérvice Code 5, which correspond to Sections

I through V of the chemical files.

STATUS OF DATA FOR Toxaphene

File On-Line 08/22/88

Category (section) Status Last Revised
Oral RfD Assessment (I.A.) no data

Inhalation RfC Assessment (I.B.) _ no data

Carcinogenicity Assessment (II.) on-line 01/01/91
Drinkinq Water Health Advisories (III.A.) no data

U.S. EPA Regulatory Actions (IV.) on-line © 01/01/92

Supplementary Data (V.) on-line 04/01/89

il




_TI. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS
__I.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)
Substance Name -- Toxaphene

CASRN -- 8001-35-2

Not available at this time.

_ I1.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RfC)

Substance Name -~ Toxaphene

CASRN -- 8001-35-2

Not available at this time.




_II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

Substance Name -- Tbxaphene
CASRN ~~ 8001-35-2

Last Revised -- 01/01/91

Section II provides information on three aspects of the carcinogenic risk
assessment for the agent in gquestion; the U.S. EPA classification, and quant-
itative estimates of risk from oral exposure and from inhalation exposure.

The classification reflects a weight-of-evidence judgment of the likelihood
that the agent is a human carcinogen. The quantitative risk estimates are
presented in three ways. The slope factor is the result of application of a
low-dose extrapolation procedure and is presented as the risk per (mg/kg) /day.
The unit risk is the gquantitative estimate in terms of either risk per ug/L
drinking water or risk per ug/cu.m air breathed. The third form in which risk
is presented is a drinking water or air concentration providing cancer risks
of 1 in 10,000, 1 in 100,000 or 1 in 1,000,000. Background Document 2
(Service Code 5) provides details on the rationale and methods used to derive
the carcinogénicity values found in IRIS. Users are referred to Section I for

information on long-term toxic effects other than carcinogenicity.

<<< Toxaphene >>>

__II.A. EVIDENCE FOR CLASSIFICATION AS TO HUMAN CARCINOGENICITY

IT.A.1. WEIGHT-OF-EVIDENCE CLASSIFICATION



Classification -- B2; probable human carcinogen.

Basis -- The classification is based on increased incidence of hepatocellular
tumors in mice and thyroid tumors in rats and is supported by mutagenicity in

Salmonella.

<<< Toxaphene >>>

__II.A.2. HUMAN CARCINOGENICITY DATA
None.

<<< Toxaphene >>>

_II.A.3. ANIMAL CARCINOGENICITY DATA

Sufficient. Two long-term carcinogenicity biocassays with toxaphene have
been performed in rats and mice with both species showing a carcinogenic
response. Dietary toxaphene was administered for 18 months at doses of 0, 7,
20 and 50 ppm to 54 B6C3Fl1 mice/sex/group. Animals were observed 6 months
post-treatment. An increased incidence of hepétocellular carcinomas and
neoplastic nodules (adenomas) was seen in both sexes and was statistically

significant in males administered 50 ppm (Litton Bionetics, 1978).

In a second study (NCI, 1979}, dietary toxaphene was administered to 50
Osborne-Mendel rats/sex/group and 50 B6C3F1 mice/sex/group for 80 weeks.
Rats received TWA doses of 556 and 1112 ppm for males and 540 and 1080 ppm
for females. The animals were observed for 28-30 weeks postftreatment.
Controls consisted of 10 matched controls/sex and 45 additional pooled

controls/sex. A statistically significant dose-related increased incidence




of thyroid tumors (adenomas and carcinomas) was seen in both male and female

rats.

Mice received TWA doses of 99 and 198 ppm for both sexes. Controls
consisted of 10 matched controls/sex and 40 additional pooled controls/sex.
A statistically significantly increased incidence of liver cancer in treated
animals was observed and was dose-related (NCI, 1979).
<<< Toxaphene »>>>

IT.A.4. SUPPORTING DATA FOR CARCINOGENICITY

Toxaphene is mutagenic to Salmonella (Hill, 1977). It was negative in a
modified dominant lethal assay of male ICR/Ha Swiss mice (Epstein, 1972). No
significant differences were found between rates of chromosomal aberrations

in leukocytes of workers occupationally exposed to toxaphene and of unexposed

workers (U.S. EPA, 1978).

--------- <<< Toxaphene >>>-———=—am=-

IT.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE

II.B.1. SUMMARY OF RISK ESTIMATES
Oral Slope Factor -~— 1.1E+0 per (mg/kg)/day

Drinking Water Unit Risk -- 3.2E-5 per (ug/L)



Extrapolation Method -- linearized multistage procedure, extra risk

Drinking Water Concentrations at Specified Risk Levels:

Risk Level

E-4 (1 in 10,000)

E-5 (1 in 100,000)

E~6 (1 in 1,000,000)

<<< Toxaphene

o>

Concentration
JE+0 ug/L
3E-1 ug/L

3E-2 ug/L

IT.B.2. DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE)

Tumor Type -- hepatocellular carcinomas and neoplastic nodules

Test Animals -- Mouse/B6C3Fl, males

Route -- Diet

Reference -- Litton Bionetics, 1978
=== DOSE wwew- Tumor
Admin- Human Incidence
istered Equivalent

ppm  mg/kg/day

0 0.0

7 0.91
20 2.6

50 6.5

mg/kg/day
0 10/53
0.051 10/54
0.144 12/53
0.361 18/51




<<< Toxaphene >>>
II.B.3. ADDITIONAL COMMENTS (CARCINOGENICITY, ORAL EXPOSURE)

The Litton Bionetics (1978) study was used for derivation of a slope
factor because more dose levels were used, and a positive carcinogenic
response was found at a lower dose than in the NCI study (1979). Weight of
the animals was assumed to be 0.03 kg, and animal lifetime was taken as 735

days, the duration of the experiment.

The unit risk should not be used if the water concentration exceeds 3E+2

ug/L, since above this concentration the unit risk may not be appropriate.

<<< Toxaphene >>>

II.B.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, ORAL EXPOSURE)

An adequate number of animals was observed. A dose-response effect was

seen in a study with 3 non-zero dose levels.

————————— «<< Toxaphene >>i==c=—c==-

__IT.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

II.C.1. SUMMARY OF RISK ESTIMATES

Inhalation Unit Risk -~ 3.2E-4 per (ug/cu.m)



Extrapolation Method -- linearized multistage procedure, extra risk

Air Concentrations at Specified Risk Levels:

Risk Level Concentration
E-4 (1 in 10,000) 3E-1 ug/cu.m
E-5 (1 in 100,000) 3E-2 ug/cu.m

E-6 (1 in 1,000,000) 3E-3 ug/cu.m
<<< Toxaphene >>>
_ IT1.C.2. DOSE-RESPONSE DATA FOR CARCINOGENICITY, INHALATION EXPOSURE
The unit risk was calculated from the oral data presented in II.B.2.
<<< Toxaphene >>>
__II.C.3. ADDITIONAL COMMENTS (CARCINOGENICITY, INHALATION EXPOSURE)

The unit risk should not be used if the air concentration exceeds 3.1E+1

ug/cu.m, since above this concentration the unit risk may not be appropriate.
<<< Toxaphene >>>
I1.C.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, INHALATION EXPOSURE)

This inhalation risk estimate was based on oral data.



--------- <<< Toxaphene >>>--=====--
__II.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS (CARCINOGENICITY ASSESSMENT)

IT.D.1. EPA DOCUMENTATION

U.S. EPA. 1978. Occupational Exposure to Toxaphene. A Final Report by the
Epidemiologic Studies Program, Human Effects Monitoring Branch, Benefits and

Field Studies Division, OPP, OTS, EPA.

U.S5. EPA. 1980. Ambient Water Quality Criteria for Toxaphene. Prepared by
the Office of Health and Environmental Assessment, Environmental Criteria and
Assessment Office, Cincinnati, OH for the Office of Water Regulations and

Standards. Washington, DC. EPA 440/5-80-076. NTIS PB 81-117863.

Epstein, S.S. et al. 1972. Detection of chemical mutagen by the dominant

lethal assay in the mouse. Toxicol. Appl. Pharmacol. 23: 288.

Hill, R.N. 1977. Memorandum to Fred Hageman. Off. Spec. Pestic. Rev., U.S.

EPA. December 15.

Linton Bionetics. 1978. Carcinogenic evaluation in mice: Toxaphene.
Prepared by Litton Bionetics, Inc., Kensington, MD for Hercules, Inc.,

Wilmington, DE.

NCI. 1979. Bioassay of Toxaphene for Possible Carcinogenicity.

Carcinogenesis Testing Program. Division of Cancer Cause and Prevention.



NCI, National Institute of Health, Bethesda, Maryland, 20014. U.S.
Department of Health, Education and Welfare. DHEW Publication No. (NIH)

79-837.
<<< Toxaphene >>>
IT.D.2. REVIEW (CARCINOGENICITY ASSESSMENT)

The values in the 1980 Ambient Water Quality Criteria document have

received both Agency and outside review.
Agency Work Group Review: 03/05/87

Verification Date: 03/05/87

II.D.3. U.S. EPA CONTACTS (CARCINOGENICITY ASSESSMENT)
Charlie Hiremath / ORD -- (202)260-5725 / FTS 260-5725

William E. Pepelko / ORD -- (202)260-5904 / FTS 260-5904

_III. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS



__IIT.A. DRINKING WATER HEALTH ADVISORIES

Substance Name -- Toxaphene

CASRN -- 8001-35-2

Not available at this time.

_II1.B. OTHER ASSESSMENTS

Substance Name -- Toxaphene

CASRN -- 8001-35-2

Content to be determined.
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_IV. U.S. EPA REGULATORY ACTIONS

Substance Name -- Toxaphene
CASRN =-- 8001-35-2

Last Revised -- 01/01/92



EPA risk assessments may be updated as new data are published and as
assessment methodologies evolve. Regulatory actions are frequently not
updated at the same time. Compare the dates for the regulatory actions in
this section with the verification dates for the risk assessments in sections
I and II, as this may explain inconsistencies. Also note that some regulatory
actions consider factors not related to health risk, such as technical or
economic feasibility. Such considerations are indicated for each action. 1In
addition, not all of the regulatory actions listed in this section involve
enforceable federal standards. Please direct any questions you may have
concerning these regulatory actions to the U.S. EPA contact listéd for that
particular action. Users are strongly urged to read the background inform-

ation on each regulatory action in Background Document 4 in Service Code 5.
<<< Toxaphene >>>
__IV.A. CLEAN AIR ACT (CAA)

No data available

--------- <<< Toxaphene >>>-==m-———v

__IV.B. SAFE DRINKING WATER ACT (SDWA)

IV.B.1. MAXIMUM CONTAMINANT LEVEL GOAL (MCLG) for Drinking Water



Value -- 0.00 mg/L (Final, 1991)

Considers technological or economic feasibility? -- NO

Discussion -- The final MCLG for toxaphene is zero based on the evidence of

carcinogenic potential (classification B2).
Reference -- 56 FR 3526 (01/30/91)

EPA Contact -- Health and Ecological Criteria Division / OST /

(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791
<<< Toxaphene >>>

—1V.B.2. MAXTMUM CONTAMINANT LEVEL (MCL) for Drinking Water

Value -- 0.003 mg/L (Final, 1991)

Considers technological or economic feasibility? -- YES

Discussion =-- The MCL is based on a PQL of 0.003 mg/L and is associated with

a maximum lifetime individual risk of E-4.

Monitoring requirements -- All systems initially monitored for four
consecutive quarters every three years; repeat monitoring dependent upon

detection, vulnerability status and system size.

Analytical methodology -- Microextraction/gas chromatography (EPA 505),

PQL=0.003 mg/L.



Best available technology -- Granular activated carbon
Reference -- 56 FR 3526 (01/30/91)

EPA Contact -- Drinking Water Standards Division / OGWDW /

(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791
<<< Toxaphene >>>

____IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

No data available

<<< Toxaphene >>>

___IV.B.4. REQUIRED MONITORING OF "“UNREGULATED®" CONTAMINANTS

No data available

--------- <<< Toxaphene >>>-==r——— -

__Iv.C, CLEAN WATER ACT (CWA)

IV.C.1l. AMBIENT WATER QUALITY CRITERIA, Human Health

No data available



<<< Toxaphene >>>
IV.C.2. AMBIENT WATER QUALITY CRITERIA, Aquatic Organisms
Freshwater:

Acute -- 7.3E-1 ug/L (1 hour average)

Chronic -- 2E-4 ug/lL (4 day average)
Marine:

Acute «~ 2.1E-1 ug/L (1 hour average)

Chronic -- 2E-4 ug/L (4 day average)
Considers technological or economic feasibility? -- NO
Discussion =-- Criteria were derived from a minimum data base consisting of
acute tests on a variety of species. Requirements and methods are covered
in the reference to the Federal Register.
Reference -- 51 FR 43665 (12/03/86)
EPA Contact -- Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

————————— <<< Toxaphene >>>====———ua

__IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)



IvVv.D.1. PESTICIDE ACTIVE INGREDIENT, Registration Standard
Status -- Removed from list "B" pesticides/Registration canceled (1990)
Reference -- 55 FR 31166 (07/31/90)

EPA Contact -- Registration Branch / OFP

(703)557-7760 / FTS 557-7760
<L Tokaphene >>>
Iv.D.2. PESTICIDE ACTIVE INGREDIENT, Special Review
Action -- Final Regulatory Decision - PD 4 (1982)
Considers technological or economic feasibility? -- NO
Summary of regulatory action -- Cancellation of registrations for most uses
and continued registration of certain uses under specific terms and
conditions.

Reference -- 47 FR 53784 (11/29/82) [NTIS# PB83-144204)

EPA Contact -- Special Review Branch / OPP

(703)557-7400 / FTS 557-7400



_ IV.E. TOXIC SUBSTANCES CONTROL ACT (TSCA)

No data available

__IV.F. RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)

IV.F.1. RCRA APPENDIX IX, for Ground Water Monitoring
Status =-- Listed
Reference -- 52 FR 25942 -(07/09/87)

EPA Contact -- RCRA/Superfund Hotline

 (800)424-9346 / (202)260-3000 / FTS 260-3000

————————— <<< Toxaphene >>>—————————

__IV.G. SUPERFUND (CERCLA)

IV.G.1. REPORTABLE QUANTITY (RQ) for Release into the Environment



Value (status) -- 1 pound (Final, 1989)

Considers technological or economic feasibility? -- NO

Discussion -- The final RQ for toxaphene is based on aquatic toxicity as
established under CWA Section 311 (40 CFR 117.3). The available data indicate
that the aquatic 96-Hour Median Threshold Limit is less than 0.1 ppm, which
corresponds to an RQ of 1 pound.

Reference ~-- 54 FR 33418 (08/14/89)

EPA Contact --~ RCRA/Superfund Hotline

(800)424-9346 / (202)260~3000 / FTS 260-3000

I s e s . . S . S S, B, . S S S
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_V. SUPPLEMENTARY DATA

Substance Name -- Toxaphene
CASRN -- 3001-35-2

Last Revised -- 04/01/89

The information contained in this section (subsections A and B) has been
extracted from the EPA Chemical Profiles Database, which has been compiled
from a number of secondary sources and has not undergone formal Agency review.

The complete reference listings for the citations in this section are provided



in Service Code 5. The user is urged to read Background Document 5 in Service
Code 5 for further information on the sources and limitations of the data

presented here.
<<< Toxaphene >>>
__V.A., ACUTE HEALTH HAZARD INFORMATION

Toxicity -- Toxaphene is extremely toxic. The probable oral lethal dose
(human) is 5-50 mg/kg or between 7 drops and 1 teaspoonful for 70 kg person

(Gosselin, 1984).
Medical Conditions Generally Aggravated by Exposure —— Not Found

Signs and Symptoms of Exposure -- Acute toxicity of toxaphene is manifested
as generalized convulsions preceded by cyanosis. Also reported is sudden
exertional dyspnea (labored breathing), tachycardia (rapid heart rate),
weakness and low bleood pressure (Gosselin, 1984, p. III-387). Lethal doses of
toxaphene cause respiratory failure. Hypersalivation, leg and back muscle
spasms, nausea, vomiting, hyperexcitability, tremors, shivering, clonic
convulsions, and tetanic muscular contracticns of all skeletal muscles have

also been reported (Weiss, 1980, p. 874).

————————— <<< Toxaphene >>>-———————-

__V.B. PHYSICAL-CHEMICAL PROPERTIES

Chemical Formula -~ C10H10Cl8 approximate (Hawley, 1981, p. 1034)



Molecular Weight =-- Unknown
Boiling Point =-- Not Found
Specific Gravity (H20=1) -- 1.65 (Worthing, 1976)
Vapor Pressure (mmHg) -- 0.4 at 25C (Sunshine, 1969)
Melting Point -- 149-194F, 65-90C (Merck, 1983)
Vapor Density (AIR=1) =-- Not Found
Evaporation Rate (Butyl acetate=1) -~ Not Found
Solubility in Water —— 3 mg/l at room temperature (Worthing, 1979)
Appearance and Odor -- Yellow, waxy solid with a pleasant piney odor tHerck,
1983)
Flash Point (Method Used) -- 84F, 29C (CC) (Weiss, 1980, p. 874)
Flammable Limits:
LEL == 1.1% (Weiss, 1980, p. 874)
UEL -- 6.4% (Weiss, 1980, p. 874)
Conditions and Materials to Avoid —- Toxaphene.dehydrochlorinates in the

presence of alkali, on prolonged exposure to sunlight, and at temperatures

above 155C (Merck, 1983). Avoid strong oxidizers (NIOSH/OSHA, 1984, p. 62);



toxaphene is corrosive to iron (Merck, 1983, p. 9384).

Hazardous Decomposition or Byproducts —-- Toxaphene releases hydrochloric acid
in the presence of alkali, on prolonged exposure to sunlight, and at

temperatures above 155C (Merck, 1983).

Use -- Toxaphene is an insecticide, primarily for cotton and early growth
stages of vegetables (Hawley, 1981, p. 1034). Toxaphene is also used on peas,
soybeans, peanut, corn, and wheat. Toxaphene has not been produced
commercially in the U.S. since 1982 (SRI). The chemical is only registered

for scabies control on cattle in the U.S. (USEPA/Pesticide Index, 1985).

_VI. BIBLIOGRAPHY

Substance Name -- Toxaphene
CASRN -- 8001-35-2

Last Revised =-- 06/01/90

VI.A. ORAL RfD REFERENCES

None

--------- PLL Toxaphene T —————



__VI.B. INHALATION RfD REFERENCES

None

--------- <<< Toxaphene >>>
Epstein, S§.5. E. Arnold, J. Andrea, W. Bass and Y. Bishop. 1972. Detection
of chemical mutagens by the dominant lethal assay in the mouse. Toxicol.

Appl. Pharmacol. 23(2): 288-325.
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Atrazine; CASRN 1912-24-9 (01/01/92)

Health risk assessment information on a chemical is included in IRIS only
after a comprehensive review of chronic toxicity data by work groups composed
of U.S. EPA scientists from several Program Offices. The summaries presented
in Sections I and Il represent a consensus reached in the review process. The
other sections contain U.S. EPA information which is specific to a particular
EPA program and has been subject to review procedures prescribed by that
Program Office. The regulatory actions in Section IV may not be based on the
most current risk assessment, or may be based on a current, but unreviewed,

risk assessment, and may take into account factors other than health effects



r

(e.g., treatment technology). When considering the use of regulatory action

data for a particular situation, note the date of the regulatory action, the

date of the most recent risk assessment relating to that action, and whether

technological factors were considered. Background information and explan-

ations of the methods used to derive the values given in IRIS are provided in

the five Background Documente in Service Code 5, which correspond to Sections

I through V of the chemical files.

STATUS OF DATA FOR Atrazine

File On-Line 09/30/87

Category (section)

T Y i S S T — -—— - — —— — —

Oral RfD Assessment (I.A.)

Inhalation RfC Assessment (I.B.)

Carcinogenicity Assessment (II.)

DPrinking Water Health Advisories (III.A.)

U.S. EPA Regulatory Actions (IV.)

Supplementary Data (V.)

I
|
|
1
|

Status

——— ——————

on=line

no data

pendiﬁg

no data

on-line

no data

Last Revised

01/01/91

01/01/92




_YX. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS

__TI.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)

Substance Name -- Atrazine
CASRN -- 1912-24-9

Last Revised -- 01/01/91

The Reference Dose (RfD) is based on the assumption that thresholds exist for
certain toxic effects such as cellular necrosis, but may not exist for other
toxic effects such as carcincgenicity. In general, the RfD is an estimate
(with uncertainty spanning perhaps an order of magnitude) of a daily exposure
to the human population (including sensitive subgroups) that is likely to be
without an appreciable risk of deleteriocus effects during a lifetime. Please
refer to Background Document 1 in Service Code 5 for an elaboration of these
concepts. RfDs can also be derived for the noncarcinogenic health effects of
compounds which are also carcinogens. Therefore, it is essential to refer to
other sources of information concerning the carcinogenicity of this substance.
If the U.S. EPA has evaluated this substance for potential human carcinogen-
icity, a summary of that evaluation will be contained in Section II of this

file when a review of that evaluation is completed.
<<< Atrazine >>>

I.A.1. ORAL RfD SUMMARY



Critical Effect Experimental Doses* UF MF RfD

Decreased body weights NOEL: 10 ppm 100 1 . 5E~-3
of F2 generation pups (0.5 mg/kg/day} mg/kg/day
on postnatal day 21
LEL: 50 ppm
2-Generation Rat (2.5 mg/kg/day)

Reproduction Study

Ciba-Geigy, 1987a

M e e e S ke S S T T Sk S T W O T T G S T T S Sy ST U WY SR N TN VIE I AP U S AU W W W R A -—— - - ———— — ————— - -

*Conversion Factors: 1 ppm = 0.05 mg/kg/day (assumed rat food consumption)

<<< Atrazine >>>
I.A.2. PRINCIPAL AND SUPPORTING STUDIES (ORAL REfD)

Ciba-Geigy Corporation. 1987a. MRID No. 40431303.

Available from EPA. Write to FOI, EPA, Washington, DC 20460.

In a 2-generation reproduction study, 120 rats/sex were randomly
distributed into 4 treatment groups and fed atrazine at 0, 10, 50, or 500 ppm
(0, 0.5, 2.5, and 25 mg/kg/day). Exposure to the test material began when
male rats were 47 days 0ld and females were 48 days old. They were maintained
on these diets for 10 weeks prior to mating. Males and females were housed
together in a 1:1 ratio and allowed 3 weeks for mating. The rats were
separated following evidence of mating. ©One litter was.produced in each
generation. After weaning, 30 males and 30 females from the first generation
were selected to be the second parental generation, The remaining male

parental animals were sacrificed on days 133 to 134 of the study. Animals



selected for the second generation were exposed to test diets for 12 weeks
prior to mating. Mating was conducted in the same manner as for the first
generation. Parental males were sacrificed on day 138 of the study and

parental females on days 138, 139, and 152 after weaning of their litters.

The NOEL for reproductive toxicity is 10 ppm (0.5 mg/kg/day) based on
statistically significantly lower F2 generation pup weights at postnatal day
21 at 50 and 500 ppm (2.5, and 25 mg/kg/day). The NOEL for parental toxicity
is 50 ppm (2.5 mg/kg/day) based on statistically signficantly decreased body
weights, body weight gain and food consumption for males and females
throughout the study at 500 ppm (25 mg/kg/day). In addition, a statistically
significant increase in relative testes weights was seen in both generations.
<<< Atrazine >>>

I.A.3. UNCERTAINTY AND MODIFYING FACTORS (ORAL RfD)

UF = 100. An uncertainty factor of 100 was used to account for the inter- and

intraspecies differences.

<<< Atrazine »>>>
I.A.4. ADDITIONAL COMMENTS (ORAL RfD)
Data Considered for Establishing the RfD

1) 2-Generation Reproduction - rat: see previous description; core grade

minimum (Ciba-Geigy Corp., 1987a)



2)

3)

4)

1-Year Feeding - dog: Dietary levels tested: 0, 15, 150, and 1000 ppm
(Male: 0, 0.48, 4.97, and 33.65 mg/kg/day; Female: 0, 0.48, 4.97, and 33.8
mg/kg/day). NOEL=150 ppm (4.97 mg/kg/day); LEL=1000 ppm (43 mg/kg/day)
(HDT; based on death, cachexia, ascites, decreased body weight and body
weight gain, decreased food consumption; EKG changes [irregular heart beat
and increased heart rate, decrease P-II values, atrial premature complexes,
atrial fibrillation]; cardiac lesions [dilation of atria, atrial
degeneration]); core grade minimum (Ciba-Geigy Corp., 1987b)

2-Year Feeding (oncogenic) - rat: Dietary levels tested: 0, 70, 500, and
1000 ppm (0, 3.5, 25, and 50 mg/kg/day). Administration of atrazine to
male and female CD-1 Sprague-Dawley rats resulted in decreased mean body
weights fof males and females receiving 500 and 1000 ppm. Survival was
decreased in high-dose females but increased in high-dose males. Red blood
cell parameters (hemoglobin, hematocrit, and red cell count) were decreased
in high-dose females only. The serum glucose level was decreased in high-
dose females at 3, 6, and 12 months and serum triglyceride levels showed a
decreasing trend in high-dose males throughout the study. There were
decreases in organ-to-body weight ratios in high-dose animals, which were
probably the result of body weight decreases. Hyperplastic changes in
high-dose males (mammary gland, bladder, and prostate) and females (myeloid
tissue of bone marrow and transitional epithelium of the kidney) were of
questionable toxicologic importance. There was an increase in retinal
degeneration and in centrilobular necrosis of the liver in high-dose
females and an increase in degeneration of the rectus femoris muscle in
high-dose males and females when compared to controls. Based on decreased
body weight gain, the LEL for males and females is 500 ppm (25 mg/kg/day)

and the NOEL is 70 ppm (3.5 mg/kg/day); core grade minimum (Ciba-Geigy

Corp., 1986)

Developmental toxicity - rat: Dietary levels tested: 0, 10, 70, and 700

ng/kg/day (by gavage). Administration of atrazine technical to Charles



River €D rats from days 6 to 15 of gestation resulted in maternal toxicity
during and after the treatment period at the high-dose. Signs of toxicity
at the high-dose included deatﬁ (21 of 27 dams), reduced food consumption,
reduced weight gain, salivation, ptosis, swollen abdomen, oral/nasal
discharge, and bloody wvulva. Maternal toxicity was also found at the 70
ng/kg/day dose level. Toxicity signs in this group included reduced food
consumption, reduced body weight, and reduced weight gain. No maternal
toxicity was observed in the 10 mg/kg/day or control groups. Based on the
above effects, the maternal toxicity NOEL is 10 mg/kg/day and thé LEL is 70
mg/kg/day. At 70 mg/kg/day, there were statistically significant increases
in both fetal and litter incidences for skeletal variations indicating
delayed ossification. Variations included: skull not completely ossified,
metacarpals not ossified, metacarpals bipartite, and phalanx not ossified.
Based on these effects the NOEL and LEL for developmental toxicity are 10
and 70 mg/kg/day, respectively.; core grade minimum (Ciba-Geigy Corp.,
1984a)

5) Developmental toxicity - rabbit: Dietary levels tested: 0, 1, 5, 75
mg/Kg/day (by gavage). Administration of atrazine technical to New Zealand
White rabbits from days 7 to 19 of gestation resulted in maternal toxicity
during the'treatment period at doses of 5 and 75 mg/kg/day. Does in the 75
mg/kg/day group did not recover from symptoms of this toxicity during the
period after dosing. Signs of maternal toxicity in the 5 mg/kg/day dose
group were decreased food consumption and decreased body weiéht. Signs of
maternal toxicity in the high-dose group included blood on vulva or in
cage, decreased food consumption, abnormal stools, and decreased body
weight and body weight gain. No effects were observed at the lowest dose
tested, 1 mg/kg/day. Based on the above effects, the maternal toxicity
NOEL is 1 mg/kg/day and the LEL 5 mg/kg/day. An increased number of
resorptions in the HDT was statistically significant and was not observed

at any other dose level. In the HDT, the weights of both the male and

.



female fetuses were significantly reduced. No compound-related
malformations were observed. Skeletal variations, especially delayed
ossification of appendicular skeletal elements, were found more frequently
in the HDT. Based con the above effects, the developmental toxicity NOEL is
5 mg/kg/day and the LEL 75 mg/kg/day; core grade minimum (Ciba-Geigy Corp.,
1984b)

Other Data Reviewed:

1)

2)

Chronic Feeding ~ mouse: Dietary levels tested: 0, 10, 300, 1500, and 3000
ppm (Male: ¢, 1.4, 38.4, 194.0, and 385.7 mg/kg/day; Female: 0, 1.6, 47.9,
246.9, and 482.7 mg/kg/day). This study shows that there are dose-related
effects of atrazine in CD-1 mice fed diets containing 1500 or 3000 ppm of
atrazine. The dose-related effects were the production of cardiac thrombi,
decreases of 23.5% and 11.0% in the mean body weight gain at 91 weeks in
males and females, respectively, and decreases in erythrocyte count,
hematocrit and hemoglobin concentration. An increase in the incidence of
cardiac thrombi was found in females receiving 1500 and 3000 ppm. Based on
the above effects, the LEL for systemic toxicity is 1500 ppm (Male: 194.0
mng/kg/day; Female: 246.9 mg/kg/day). The NOEL for systemic toxicity is 300
ppm (Male: 38.4 mg/kg/day; Female: 47.9 mg/kg/day).; core grade guideline
{Ciba-Geigy Corp., Agricultural Di#ision, 1987¢)

2-Year Feeding - dog: Dietary levels tested: O, 14.1lr 141.5, and 1415 ppm
(0, 0.35, 3.54, and 35.38 mg/kg/day). The NOEL for systemic toxicity is
14,1 ppm (0.35 mg/kg/day) based on increased heart and liver weights in
females at 141.5 ppm (3.54 mg/kg/day). Effects observed at 1415 ppm (35.38
mg/kg/day} included reduced food intake, decreased body weight, and reduced
hemoglobin and hematocrit values. core grade supplementary (Ciba-Geigy

Corp., 1964)

3) Developmental toxicity - rat: Dietary levels tested: 0, 100, 500, and 1000



mg/kg/day. Administration of atrazine at 1000 mg/kg/day produced 7 deaths
in the 30 dams treated. Slight weight losses in females were observed at
500 mg/kg/day. A reduction in mean fetal weights and an increase in the
number of embryonic and fetal resorptions were observed in the mid- and
high~dose groups. Based on the above effects, the maternal toxicity and
fetotoxicity NOEL and LEL are 100 and 500 mg/kg/day, respectively; core

grade minimum (Ciba-Geigy, Corp., 1971)
Data Gap(s): None
<<< Atrazine >>>

I.A.5. CONFIDENCE IN THE ORAL RfD
Study: High
Data Base: High
RfD: High

The critical study is of good guality and is given a high confidence

rating. Additional studies are supportive and of good guality; therefore, the
data base is given a high confidence rating. High confidence in the RfD
follows.
<<< Atrazine >>>

I.A.6. EPA DOCUMENTATION AND REVIEW OF THE ORAL RfD

The only U.S. EPA documentation at present is on IRIS.

Pesticide Registration Standard



Pesticide Registration Files
Agency Work Group Review: 07/08/86, 12/09/86, 05/20/87, 06/22/88, 02/21/90

Verification Date: 02/21/90

I.A.7. EPA CONTACTS (ORAL RfD)
George Ghali / OPP =-- (703)557-7490 / FTS 557-7490

Reto Engler / OPP -- (703)557-7491 / FTS 557-7491

__I.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RfC)

Substance Name -- Atrazine

CASRN =-- 1912-24-9

Not available at this time.
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_II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

Substance Name -- Atrazine

CASRN -- 1912-24-9

This substance/agent has been evaluated by the U.S. EPA for evidence of
human carcinogenic potential. This does not imply that this agent is
necessarily a carcinogen. The evaluation for this chemical is under
review by an inter-office Agency work group. A risk assessment summary

will be included on IRIS when the review has been completed.

_III. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS

__III.A. DRINKING WATER HEALTH ADVISORIES

Substance Name -—- Atrazine

CASRN -- 1912-24-9

Not available at this time.



__1IT.B. -OTHER ASSESSMENTS

Substance Name -~- Atrazine

CASRN =-- 1912-24-9

Content to be determined.

— — ——— S — — o o S _— —— — o —— ——

_Iv. U.S. EPA REGULATORY ACTIONS

Substance Name -- Atrazine
CASRN =-- 1912~24-9

Last Revised -- 01/01/92

EPA risk assessments may be updated as new data are published and as
assessment methodologies evolve. Regulatory actions are frequently not
updated at the same time. Compare the dates for the regulatory actions in
this section with the verification dates for the risk assessments in sections
I and II, as this may explain inconsistencies. Also note that some regulatory

actions consider factors not related to health risk, such as technical or



economic feasibility. Such considerations are indicated for each action. 1In
addition, not all of the regulatory actions listed in this section involve
enforceable federal standards. Please direct any questions you may have
concerning these regulatory actions to the U.S. EPA contact listed for that
particular action. Users are strongly urged to read the background inform-
ation on each regulatory action in Background Document 4 in Service Code 5.
<<< Atrazine >>>

__IV.A. CLEAN AIR ACT (CAA)

No data available

__IV.B. SAFE DRINKING WATER ACT (SDWA)

_ IV.B.1l. MAXIMUM CONTAMINANT LEVEL GOAL (MCLG) for Drinking Water

Value -- 0.003 mg/L (Final, 1991)

Considers technological or economic feasibility? -- NO

Discussion -- A MCLG of 0.003 mg/L is set based on its potential adverse
effects (liver and kidney damage) reported in dog and rat studies. The MCLG

is based upon a DWEL of 0.2 mg/L and an assumed drinking water contribution

of 20 percent.



Reference —— 56 FR 3526 (01/30/91)

EPA Contact -- Health and Ecological Criteria Division / 0OST /

(202) 260-7571 f FTS 260~7571; or Safe Drinking Water Hotline / (800) 426-4791
<<< Atrazine »>>>

IV.B.2. MAXIMUM CONTAMINANT LEVEL (MCL) for Drinking Water
Vvalue =-- 0.003 mg/L (Final, 1991)
Considers technological or economic feasibility? -- YES
Discussion -- EPA has set a MCL equal to the MCLG of 0.003 mg/L.
Monitoring requirements -~ All systems initially monitored for four
consecutive guarters every three years; repeat monitoring dependent upon
detection, vulnerability status and size.
Analytical methodology —-- Microextraction/gas chromatography (EPA505);
liquid-solid extraction/capillary column gas chromatography/mass
spectrometry (EPA 525); (EPA 507); PQL=0.001 mg/L.
Best available technology -- Granular activated carbon.

Reference -- 56 FR 3526 (01/30/91)

EPA Contact -- Drinking Water Standards Division / OGWDW /

(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791



<<< Atrazine >>>

_Iv.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water
No data available

<<< Atrazine >>>

___IV.B.4. REQUIRED MONITORING OF "“UNREGULATED"™ CONTAMINANTS

No data available '

......... <<< Atrazine >O P >——c—mce==

__IV.C. CLEAN WATER ACT (CWA)

No data available

--------- <<< Atrazine >>>e———————-

__IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)

IV.D.1. PESTICIDE ACTIVE INGREDIENT, Registration sStandard



Status -- Issued (1983). Second Round Review still in progress.

Reference -- Atrazine Pesticide Registration Standard. September, 1983

(NTIS No. PB84-149541)

EPA Contact -- Registration Branch / OPP

} (703)557-7760 / FTS 557-7760
<<« Atrazine >>>
IV.D.2. PESTICIDE ACTIVE INGREDIENT, Special Review

No data available

__IV.E. TOXIC SUBSTANCES CONTROL ACT (TSCA)

No data availakle

--------- <<< Atrazine >>>————————

__IV.F, RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)

No data available



--------- <<< Atrazine >>>———~———--

_IV.G. SUPERFUND (CERCLA)

No data available

L — T ——]

_V. SUPPLEMENTARY DATA

Substance Name -- Atrazine

CASRN —-- 1912-24-9

Not available at this time.

_VI. BIBLIOGRAPHY

Substance Name -- Atrazine
CASEN -- 1912-24-9

Last Revised ~-- 05/01/90



__VI.A. ORAL RfD REFERENCES

Ciba-Geigy Corporation. 1964. MRID No. 00059213. Available from EPA. Write

to FOI, EPA, Washington, DC 20460.

Ciba-Geigy Corporation. 1971. MRID No. 00038041. Available from EPA. Write

to FOI, EPA, Washington, DC 20460,

Ciba-Geigy Corporation. 1984a. EPA Accession No. 254979. Available from

EPA. Write to FOI, EPA, Washington, DC 20460.

Ciba-Geigy Corporation. 1984b. EPA Accession No. 254979. Available from

EPA. Write to FOI, EPA, Washington, DC 20460.

Ciba-Geigy Corporation. 1986. EPA Accession No. 262714-262727. Available

from EPA. Write to FOI, EPA, Washington, DC 20460.

Ciba-Geigy Corporation, Agricultural Division, 1987a. MRID No. 40431303.

Available from EPA, Write to FOI, EPA, Washington, DC 20460,

Ciba~GCeigy Corporation. 1987b. MRID No. 40431301. Available from EPA.

Write to FOI, EPA, Washington, DC 20460.

Ciba-Geigy Corporation, Agricultural Division, 1987c. MRID No. 40431302.

Available from EPA, Write to FOI, EPA, Washington, DC 20460.



__VI.B. INHALATION RfD REFERENCES

None

————————— <<< Atrazine >>>m—reme——-

VI.C. CARCINOGENICITY ASSESSMENT REFERENCES

None

__VI.D. DRINKING WATER HA REFERENCES

None




SYNONYMS

Substance Name =-- Atrazine
CASRN -- 1912-24-9

Last Revised -- 09/30/87

1912-24-9

A 361

AATREX
AATREX 4L
AATREX 80W
AATREX NINE-O
2-AETHYLAMINO-4-CHLOR~-6-I1SOPROPYLAMINO-1,3,5-TRIAZIN
2-AETHYLAMINO-4-ISOPROPYLAMINO-6-CHLOR-1,3,5-TRIAZIN
AKTIKON
AKTIKON PK
AKTINIT A
AKTINIT PK
ARGEZIN
ATAZINAX
ATRANEX
ATRASINE
ATRATOL A
ATRAZIN
Atrazine
ATRED

ATREX

CANDEX

CEKUZINA-T




2-CHLORO-4-ETHYLAMINEISOPROPYLAMINE-s-TRIAZINE
1-CHLORO-3-ETHYLAMINO-5-ISOPROPYLAMINO=-2,4,6-TRIAZINE
1-CHLORO-3-ETHYLAMINO-5~ISOPROPYLAMINO-s-TRIAZINE
2=-CHLORO~-4-ETHYLAMINO-6-ISOPROPYLAMINO-1,3,5-TRIAZINE
2-CHLORO-4-ETHYLAMINO-6-1SOPROPYLAMINO-s-TRIAZINE
6-CHLORO~-N-ETHYL-N’-(1-METHYLETHYL) -1, 3, 5-TRIAZINE-2,4-DIAMINE
2-CHLORO-4-(2-PROPYLAMINO) «6=-ETHYLAMINO-s~TRIAZINE
CRISATRINA

CRISAZINE

CYAZIN

FARMCO ATRAZINE

FENAMIN

FENAMINE

FENATROL

G 30027

GEIGY 30,027

GESAPRIM

GESOFPRIM

GRIFFEX

HUNGAZIN

HUNGAZIN PK

INAKOR

OLEOGESAPRIM

PRIMATOL

PRIMATOL A

PRIMAZE

RADAZIN

RADIZINE

STRAZINE

TRIAZINE A 1294



Dinoseb; CASRN 88-85-7 (01/01/92)

Health risk assessment information on a chemical is included in IRIS only
after a comprehensive review of chronic toxicity data by work groups composed
of U.S. EPA scientists from several Program Offices. The summaries presented
in Sections I and II represent a consensus reached in the review process. The
other sections contain U.S. EPA information which is specific to a particular
EPA program and has been subject to review procedures prescribed by that
Program Office. The regulatory actions in Section IV may not be based on the
most current risk assessment, or may be based on a current, but unreviewed,
risk assessment, and may take into account factors other than health effects
(e.g., treatment technology). When considering the use of regqulatory action
data for a particular situation, note the date of the regulatory action, the
date of the most recent risk assessment relatiﬁg to that action, and whether
technological factors were considered. Background information and explan-
ations of the methods used to derive the values given in IRIS are provided in
the five Background Documents in Service Code 5, which correspond to Sections

I through V of the chemical files.

STATUS OF DATA FOR Dinoseb

File On-Line 01/31/87



Category (section) Status Last Revised

Oral RfD Assessment (I.A.) on-line 08/01/89
i
Inhalation RfC Assessment (I.B.) no data
Carcinogenicity Assessment (II.) on-~line 03/01/91
Drinking Water Health Advisories (III.A.) no data
U.S. EPA Regqulatory Actions (IV.) on~line 01/01/92
Supplementary Data (V.) on~line 01/31/87

_I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOCGENIC EFFECTS

I.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RED)

Substance Name -- Dinoseb
| CASRN -~ 88-85-7

Last Revised -- 08/01/89

The Reference Dose (RfD) is based on the assumption that thresholds exist for

-



¥
certain toxic effects such as cellular necrosis, but may not exist for other
toxic effects such as carcinogenicity. In general, the RfD is an estimate
(with uncertainty spanning perhaps an order of magnitude) of a daily exposure
to the human population (including sensitive subgroups) that is likely to be
without an appreciable risk of deleterious effects during a lifetime. Please
refer to Background Document 1 in Service Code 5 for an elaboration of these
concepts. RfDs can also be deriﬁed for the noncarcinogenic health effects of
compounds which are also carcinogens. Therefore, it is essential to refer to
other sources of information concerning the carcinogenicity of this substance.
If the U,S. EPA has evaluated this substance for potential human carcinogen-
icity, a summary of that evaluation will be contained in Section II of this

file when a review of that evaluation is completed.
<<< Dinoseb >>>

I.A.1. ORAL RfD SUMMARY

Critical Effect Experimental Doses* UF MF RED
Decreased fetal NOEL: none 1600 1 1E-3
weight mg/kg/day

LEL: 1 mg/kg/day
3-Generation Rat

Reproduction Study

Dow Chemical Co., 1981a

- — D — - . S——— - - —— — - ——— — - —— ———— —— . — -

*Conversion Factors

: none



<<< Dinosaeb >>>
I.A.2. PRINCIPAL AND SUPPORTING STUDIES (ORAL RED)

Dow Chemical Comapny. 1981a. MRID No. 00152675,

Available from EPA. Write to FOI, EPA, Washington, DC 20460,

Groups of 25 male and 25 female rats (2 littering groups/generation)
received dinoseb in their diet at concentrations of 0, 1, 3, and 10 mg/kg
bw/day for 29 weeks. There was a consistent, compound-related depression in
parental body weight gain at the high dose in both sexes in the pre-mating
period in all three generations, which persisted into later study periods.

The mean fetal weights showed a high degree of variability. Decreased weights
were observed or sugdested in the FO to Filb, the F1 to F2a, and the F2 to F3a
littering groups with the F0 to Flb pup weights diminished (combined sexes) at
day 21 at all dose levels. Since the treated pup weights at birth were
similar to controls, the subsequently depressed pup weight gains indicated a
reproductive effect during the lactation period. A reproductive LEL of 1

mng/kg/day was determined.

<<< Dinoseb >>>

_TI.A.3. UNCERTAINTY AND MODIFYING FACTORS (ORAL RfD)

UF = 1000. The UF includes uncertainties in the extrapolation frqm laboratory

animals to humans (factor of 100), as well as concern for the lack of a NOEL

in the reproduction study (factor of 10).



<<<

Dinoseb >>>

I.A.4. ADDITIONAL COMMENTS (ORAL RfD)

A number of toxicologic issues concerning dinoseb have been raised as a

result of the review of the data base for the Registration Standard including:

acute toxicity, lenticular opacities, teratogenicity, immunotoxicity,

contamination with nitrosamines, and testicular effects. Dinoseb is presently

under Emergency Suspension and is not in use. The FIFRA Science Advisory

Panel has concurred with EPA on a developmental and reproductive risk

assessment produced for Special Review.

Data Considered for Establishing the RfD:

1) 3-Generation Reproduction - Principal study - see previous description;

core grade supplementary

2) 2-Generation Reproduction (continuation of 3-generation study) - rat:

Reproductive LEL=1 mg/kg/day [low viability index for control pups

(

F4 to FS5a), inconsistency between the increased body weight changes in

this study and the previcus 3-generation study, and consistent decreases in

gonadal weights and gonadal weights/body weight ratios (F4a) at all dose

levels); Systemic LEL=1 mg/kg/day (based on treatment-related or

dose-related reductions in relative parental body weights with signifCONFIDEN

Study: Low

Data Base: Low

RED:

Low

The principal study appears to be of adequate quality, in many respects,



although only rated as core supplementary data; confidence in the study is
considered low. Additional studies are supportive, but many data gaps remain;
therefore, the data base is given low confidence. Low confidence in the RfD
follows.
<<< Dinoseb >>>

I.A.6. EPA DOCUMENTATION AND REVIEW OF THE ORAL RfD
Draft Registration Standard, June 1986

Agency RfD Work Group Review: 07/08/85, 07/22/85, 12/09/86

Verification Date: 12/09/86

I.A.7. EPA CONTACTS (ORAL RfD)

Reto Engler / OPP -~ (703)557-7491 / FTS 557-7491

George Ghali / OPP -~ (703)557-7490 / FTS 557-7490

__I1.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RfC)

‘ Substance Name -- Dinoseb



CASRN —-- 88-85-7

Not available at this time.

_II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE

Substance Name -- Dinoseb
CASRN -- 88-85-=7

Last Revised -- 03/01/91

Section II provides information on three aspects of the carcinogenic risk
assessment for the agent in question; the U.S. EPA classification, and quant-
itative estimates of risk from oral exposure and from inhalation exposure.

The classification reflects a weight-of-evidence judgment of the likelihood
that the agent is a human carcinogen. The quantitative risk estimates are
presented in three ways. The slope factor is the result of application of a
low-dose extrapolation procedure and is presented as the risk per (mg/kg)/day.
The unit risk is the quantitative estimate in terms of either risk per ug/L
drinking water or risk per ug/cu.m air breathed. The third form in which risk
is presented is a drinking water or air concentration providins indicating that
end of the study, the body weight gain was 10 and 13% less than the controls
of the mid- and the high-dose females, respectively, and no differences were

found in the food consumption in the treated group against controls.



Reproductive organs in males and females were also affected. Cystic
endometrial hyperplasia and atrophy were observed in females, and
hypospermatogenesis and degeneration were seen in the testes of all the

treated males. These were indications that an MTD had been reached.

Dinoseb induced statistically significant increases in liver adenomas in
female mice at the 3 and 10 mg/kg/day doses. The incidence was 0/57, 4/59,
7/60, and 5/58 for control through 10 mg/kg/day doses, respectively. Only one
carcinoma was observed (in a low-dose female). There were no decreases in
latency, no dose-response and no hepatccytic change commonly associated with
carcinogens. The tumors were late-appearing (the first tumor appeared after

78 weeks, and the remaining ones after 100 weeks).

Adjusting for animals at risk, the resulting incidences estimated by OPP
were 0/38, 4/39, 7/41, and 5/39 for control through 10 mg/kg/day. Similar to
the report, the reanalysis failed to show a trend. Incorporating the
historical control incidence of 0-10% did not change the conclusion of the
report. There were no decreases in time-to-tumor, nor evidence of any of the
potentially predisposing lesions in the liver such as hypertrophy, hyperplasia
or degeneration which are often associated with known hepatocellular
carcinogens. It is thus concluded that the response may not be attributed to

the chemical.

In a separate screening study, mice failed to demonstrate any significant
increase in tumors (Innes et al., 1969). Two strains of mice (hybrids of
female C57BL/6 and male C3H/Anf or AKR mice, 18/sex/group) were exposed to
dinoseb for 18 months. The animals were first exposed via gavage at 2.15
mg/kg/day for 3 weeks beginning at 1 week of age, then they were fed a diet
containing 7 ppm dinoseb (1.05 mg/kg/day) throughout the observation period of

approximately 18 months. Egqual numbers of mice served as controls. After 18



months of treatment, dinoseb did not cause any significant increase in tumors

in mice.

In an unpublished study from Dow Chemical Company (1977), male and female
Charles River rats were fed diets containing dinoseb at levels of 0, 1, 3, and
10 mg/kg/day for 104 weeks. Dinoseb did not give positive results for
carcinogenicity. However, this study was deficient due to limited
histopathological assessment of both animals and tissues examined and a lack

of individual data for several measured parameters,
<<< Dinoseb >>>
IT.A.4. SUPPORTING DATA FOR CARCINCOGENICITY

Dinoseb was not mutagenic for Salmonella typhimurium in three studies with

or without addition of rat liver homogen
(Waters et al., 1982; Simmon et al., 197

eucaryotes (Simmon et al., 1977; Waters et al., 1982), and negative in human

fibroblasts (Simmon et al., 1977).

--------- <<< Dinoseb >>r-———~—---

__IT.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE

Not available.



_II.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

Not available.

_1I.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS (CARCINOGENICITY ASSESSMENT)

IT.D.1. EPA DOCUMENTATION
U.S. EPA. 1975. 1In vitro and in vivo studies of selected pesticides to
evaluate their potential as chemical mutagens. In: Substitute Chemical
Program -- the First Year of Progress. Toxicological Methods and Genetic

Effects Workshop: Vel. II. EPA MRID 0043656.

U.S. EPA. 1986. Toxicology Branch Peer Review Committee memorandum on

Dinoseb, June 19.
<<< Dinoseb >>>
_ II.D.2. REVIEW (CARCINOGENICITY ASSESSMENT)
The Toxicology Branch Peer Review Committee reviewed data on dinoseb.

Agency Work Group Review: 01/13/88, 11/09/88, 05/03/89



Verification Date: 05/03/89

IT.D.3. U.S. EPA CONTACTS (CARCINOGENICITY ASSESSMENT)

Julie Du / ODW -- (202)260-7583 / FTS 260-7583

Edward V. Ohanian / ODW ~- (202)260-7587 / FTS 260-7587

_IIT. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS

__II1.A. DRINKING WATER HEALTH ADVISORIES

Substance Name —-- Dinosebh

CASRN -- 88-85~7

Not available at this time.




_ IIX.B. OTHER ASSESSMENTS

Substance Name -~ Dinoseb

CASRN -- 88-85-7

Content to be determined.

_ce Name —-- Dinoseb
CASRN -- 88~-85~7

Last Revised -~ 01/01/92

EPA risk assessments may be updated as new data are published and as
assessment methodologies evolve. Regﬁlatory actions are frequently not
updated at the same time. Compare the dates for the regulatory actions in
this section with the verification dates for the risk assessments in sections
I and II, as this may explain inconsistencies. Also note that some regulatory
actions consider factors not related to health risk, such as technical or
econoric feasibility. Such considerations are indicated for each action. 1In
addition, not all of the regulatory actions listed in this section involve
enforceable federal standards. Please direct any questions you may have
concerning these regulatory actions to the U.S. EPA contact listed for that
particular action. Users are strongly urged to read the background inform-

ation on each regulatory action in Background Document 4 in Service Code 5.




<<< Dinoor Drinking Water
Value == 0.007 mg/L (Proposed, 1990)
Considers technological or economic feasibility? -- YES

Discussion -- EPA is proposing an MCL equal to the proposed MCLG

of 0.007 mg/L.

Monitoring requirements —-- Community and non-transient water system
monitoring based on state vulnerability assessment; vulnerable systems
to be monitor quarterly for one year; repeat monitoring dependent upon

detection and size of systems.

Analytical methodoleogy -- Electron-capture/gas chromatography (EPA 508):

PQL= 0.002 mg/L.
Best available technology -- Granular activated carbon
Reference -- 55 FR 30370 {07/25/90)

EPA Contact -- Drinking Water Standards Division / OGWDW /

(202) 260-7575 [/ FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791
<<< Dinoseb >>>
IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

No data available



<<< Dinoseb >>>

IV.B.4. REQUIRED MONITORING OF "UNREGULATED" CONTA(800) 426-4791

----- mme=cgs Dinosebh >o m———ec—mna=

IVv.C. CLEAN WATER ACT (CWA)

No data available

————————— <<< Dinoseb >>>-=———————-

__IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)

IV.D.1l. PESTICIDE ACTIVE INGREDIENT, Registration Standard

No data available

<<< Dinoseb >>>

IV.D.2. PESTICIDE ACTIVE INGREDIENT, Special Review

Action -- Emergency Suspension Order/Notice of Intent to Cancel (1986)

Considers technological or economic feasibility? -- YES



Summary of regulatory action -- Dinoseb exposure was determined to pose a
risk of birth defects, male sterility, and acute toxicity to agricultural
workers. On 10/07/87 the Agency modified the Suspension Order and permitted
use of Dinoseb on dry peas, lentils, and chick peas in Idaho and Washington
during the 1987 growing season. A district court in Oregon permitted use on
green peas and snap beans in 1987 and 1988. Under a settlement agreement
reached between EPA and the registrant in 5/88, use was allowed on cranberries

in 1989.

Reference -- 51 FR 36634 (10/14/86)

EPA Contact -- Special Review Branch / OPP

(703)557-7400 / FTS 557-7400

__IV.E. TOXIC SUBSTANCES CONTROL ACT (TSCA)

No data available

--------- <<< Dinoseb >>>--c———==-

__IV.F. RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)



IV.F.1. RCRA APPENDIX IX, for Ground Water Monitoring

Status =-- Listed

Reference -- 52 FR 25942 (07/09/87)

EPA Contact -~ RCRA/Superfund Hotline

(800)424-9346 / (202)260-3000 / FTS 260-3000

--------- <G Dinoseb - D p——

__IV.G. SUPERFUND (CERCLA)

IV.G.1. REPORTABLE QUANTITY (RQ) for Release into the Environment

Value (status) -- 1000 pounds (Final, 1985)
Considers technological or economic feasibility? -- NO
Discussion -- The final RQ is based on both aquatic toxicity and oral

mammalian toxicity. The 96-Hour Median Threshold Limit for aquatic toxicity

is between 12 and 100 ppm and the oral LD50 for rats is between 10 and 100

mng/kg.
Reference —— 50 FR 13456 (04/04/85); 54 FR 33418 (08/14/89)

EPA Contact —-- RCRA/Superfund Hotline



(800)424-9346 / (202)260-3000 / FTS 260-3000

U ——

_V. SUPPLEMENTARY DATA

Substance Name -- Dinoseb
CASRN =-- 88-85-=7

Last Revised -- 01/31/87

The information contained in this section (subsections A and B) has been
extracted from the EPA Chemical Profiles Database, which has been compiled
from a number of secondary sources and has not undergone formal Agency review.
The complete reference listings for the citations in this section are provided
in Service Code 5. The user is urged to read Background Document 5 in Service
Code 5 for further information on the sources and limitations of the data
presentoss of consciousness,

cessation of breathing, and death (Gosselin et al., 1976). Skin: staining of
skin and minor irritation by very small amount. Eyes: mild to moderate
irritation expected. Inhalation: dusts may be irritating and may cause

serious illness (Weed Science Society of America, 1979).

————————— <<< Dinoseb >>dec—cc—==a

V.B. PHYSICAL-CHEMICAL PROPERTIES



Chemical Formula -- C10H12N205

Molecular Weight -- 240.2

Boiling Point =-- Not Found

Specific Gravity (H20=1) -- 1.2647 at 45C (W;ed Science Society of

America, 1979)

Vapor Pressure (mmHg) -- 1 at 151.1C (Weed Science Society of America, 1979)
Melting Point -~ 100-108F, 38-42C (Merck, 1983, p. 479)

Vapor Density (AIR=1) -- 7.73 (Sax, 1984, p. 582)

Evaporation Rate (Butyl acetate=1) -- Not Found

Solubility in Water -- 0.0052 g/100 nL (Weed Science Society of America, 1979)
Flash Point (Method Used} -- 60.1F to 84.9F, 15.6C to 29.4C for 3 commercial

prod.

Environmental Protection Agency, Research Triangle Park, NC. EPA 600/1-77-

028.

U.8. EPA. 1975. 1In vitro and in vivo studies of selected pesticides to
evaluate their potential as chemical mutagens. 1In: Substitute Chemical
Program -- the First Year of Progress. Toxicological Methods and Genetic

Effects Workshop: Vol. II. EPA MRID 0043656,



U.S. EPA. 1986. Toxicology Branch Peer Review Committee memorandum on

Dinoseb, June 19.

Waters, M.D., §.5. Sandhu, V.F. Simmon et al.

genotoxicity. Basic Life Sci. 21: 275-326,

__VI.D. DRINKING WATER HA REFERENCES

None

1982,

Study of pesticide

SYNONYMS

Substance Name -- Dinoseb
CASEN -- 88-85-7

Last Revised -- 01/31/87

88-85~7
AATOX

Aretit



Basanite

BNP 20

BNFP 30

Butaphene

Caldon

Chemox General

Chemox PE

DENF

Dibutox

Dinitrall

Dinitrobutylphenol
2,4-Dinitro~6~sec-Butylphenol
4,6-Dinitro-2-sec-Butylphenocl
4,6-Dinitro-o-sec~-Butylphenol
2,4-Dinitro-6-(1-Methylpropyl)Phenol
4,6-Dinitro-2-(1-Methyl-n-Propyl)Phenol
Dinitro-Ortho-Sec-Butyl Phenol
Dinoseb

DN 289

DNBP

DNOSBP

DNSBP

Elgetol

Elgetol 318

ENT 1,122

Gebutox

Hivertox

Kiloseb

Knoxweed

Ladob



Laseb
2-(1-Methylpropyl) -4, 6~Dinitrophenol
Nitropone

Phenol, 2-sec-Butyl-4,6-Dinitro-
Phenol, 2-({1-Methylpropyl})-4,6-Dinitro-
Phenol, 2-(l-Methylpropyl)-4,6~Dinitro-
Premerg

Sinox General

Subitex




12

Xylenes; CASRN 1330-20-7 (01/01/92)

13

Tcoluene; CASRN 108-88-3 (01/01/92)

14

Nitrogen dioxide; CASRN 10102-44-0 (01/01/92)

15

Ethylbenzene; CASRN 100-41-4 (01/01/92)

Enter keywords or Read or Scan or Mail

-=-read 13

Toluene; CASRN 108-88-3 (01/01/92)

Health risk assessment information on a chemical is included in IRIS only
after a comprehensive review of chronic toxicity data by work groups composed

of U.S. EPA scientists from several Program Offices. The summaries presented



in Sections I and II represent a consensus reached in the review process. The

other sections contain U.S. EPA information which is specific to a particular

EPA program and has been subject to review procedures prescribed by that

Program Office. The regulatory actions in Section IV may not be based on the

most current risk assessment, or may be based on a current, but unreviewed,

risk assessment, and may take into account factors other than health effects

(e.g., treatment technology}. When considering the use of regulatory action

data for a particular situation, note the date of the regulatory action, the

date of the most recent risk assessment relating to that action, and whether

technological factors were considered. Background information and explan-

ations of the methods used to derive the values given in IRIS are provided in

the five Background Documents in Service Code 5, which correspond to Sections

I through V of the chemical files.

STATUS OF DATA FOR Toluene

File On-Line 01/31/87

Category (section) Status

Oral RfD Assessment (I.A.) on-line
Inhalation RfC Assessment (I.B.) pending
Carcinogenicity Assessment (II.) on—-line
Drinking Water Health Advisories (III.A.) on-line

Last Revised

08/01/90
07/01/90
08/01/90

09/01/90



U.S. EPA Regulatory Actions (IV.) on-line 01/01/92

Supplementary Data (V.) no data

_I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS

__TI.A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)

Substance Name -- Toluene
CASRN -- 108-88~-3

Last Revised -- 08/01/90

The Reference Dose (RfD) is based on the assumption that thresholds exist for
certain toxic effects such as cellular necrosis, but may not exist for other
toxic effects such as carcinogenicity. In general, the RfD is an estimate
(with uncertainty spanning perhaps an order of magnitude) of a daily exposure
to the human population (including sensitive subgroups) that is likély to be
without an appreciable risk of deleterious effects during a lifetime. Please
refer to Background Document 1 in Service Code 5 for an elaboration of these
concepts. RfDs can also be derived for the noncarcinogenic health effects of
compounds which are also carcinogens. Therefore, it is essential to refer to
other sources of information concerning the carcinogenicity of this substance.
If the U.S. EPA has evaluated this substance for potential human carcinogen-

icity, a summary of that evaluation will be contained in Section II of this



file when a review of that evaluation is completed.

<<< Toluene >>>

I.A.1. ORAL RfD SUMMARY

Critical Effect Experimental Doses* UF MF RfD

Changes in liver and NOAEL: 312 mg/kg 1000 1 2E-1

kidney weights converted to 223 mg/kg/day
ng/kg/day

13-Week Rat Gavage

Study LOAEL: 625 mg/kg
converted to 446

NTP, 1989 mg/kg/day

*Conversion Factors: Dose adjusted for gavage schedule of 5 days/week.

<<< Toluene >>>
I.A.2. PRINCIPAL AND SUPPORTING STUDIES (ORAL RfD)

NTP (National Toxicology Program). 1989. Toxicology and Carcinogenesis
Studies of toluene in F344/N rats and B6C3Fl1 mice. Technical Report Series

No. 371. Research Triangle Park, NC.

The oral toxicity of toluene was investigated in this subchronic gavage
study in F344 rats. CGroups of 10 rats/sex/group were administered toluene in
corn 0il at dosage levels of 0, 312, 625, 1250, 2500, or 5000 mg/kg for S

days/week for 13 weeks. All animals receiving 5000 mg/kg died within the



first week. One female and 8 males in the 2500 mg/kg group died, but 2 of
these were due to gavage errors. No deaths occurred at lower doses. Several
toxic effects were noted at doses greater than or equal to 2500 mg/kg,
including prostration, hypoactivity, ataxia, piloerection, lacrimation,
excessive salivation, and body tremors. No signs of biologic significance
were seen in groups receiving less than or equal to 1250 mg/kXg. The only
significant change in body weight was a decrease (p<0.05) for males in the
2500 mg/kg group. There were no toxicologically significant changes in
hematology or urinalysis for any group of animals. Biochemicai changes,
including a significant increase (p<0.05) in SGOT in 2500 males and a dose-
related increase in cholinesterase in females receiving 2500 and 5000 mg/kg,
were not considered to be biologically significant. There were several
pathologic findings and organ weight changes in the liver, kidney, brain, and
urinary bladder. In males, absolute and relative weights of both the liver
and kidney were significantly increased (p<0.05) at doses greater than or
equal to 625 mg/Kkg. 1In females, absolute and relative weights of the liver,
kidney, and heart were all significantly incréased at doses greater than or
equal to 1250 mg/kg (p<0.01 for all comparisons except p<0.05 for absolute
kidney and heart weights at 1250 mg/kg). Histopathologic lesions in the liver
consisted of hepatocellular hypertrophy, occurring at greater than or equal to
2500 mg/kg. Nephrosis was observed in rats that died, and damage to the
tubular epithelia of the kidney occurred in terminally sacrificed rats.
Histopathologic changes were also noted in the brain and urinary bladder. In
the brain, mineralized foci and necrosis of neuronal cells were observed in
males and females at 2500 mg/kg and males at 1250 mg/Kg. In the bladder,
hemorrhage of the muscularis was seen in males and females at 5000 mg/kg and
males at 2500 mg/kg. The NOAEL for this study is 312 mg/kg/day based on liver
and kidney weight changes in male rats at 625 mg/kg. The toxicologic
significance of these organ weight changes is strengthened by the occurrence

of histopathologic changes in both the liver and kidney at higher doses.



Because the exposure was for 5 days/week, this dose is converted to 312 x 5/7

It

223 mg/kg/day. The LOAEL is 625 mg/kg, which is 446 mg/kg/day when

converted.

NTP (1989%) also conducted a 13-week gavage study in B6C3F1 mice, following
the same regimen described above. All mice receiving 5000 mg/kg died and 8/20
receiving 2500 mg/Kkg also died. Signs of toxicity seen in animals receiving
greater than or egqual to 2500 mg/kg included subconvulsive jerking,
prostration, impaired grasping reflex, bradypnea, hypothermia, ataxia, and
hypoactivity. By week 13, the mean body weight of 2500 mg/kg males was
significantly (p<0.05) lower than controls. No other significant changes were
reported for any group, including macroscopic observation, organ weight means,
or clinical pathelogy parameters. The NOAEL for mice in this study was 1250

mg/kg.

The subchronic study by Wolf et al. (1956) is supportive of the NTP
studies. Groups of 10 female Wistar rats were administered gavage doses of 0,
118, 354, or 590 mg/kg toluene dissolved in olive oil. A total of 138 doses
were administered over 193 days, resulting in average doses of approximately
0, 84, 253, or 422 mg/kg/day. Hematologic, behavioral, gross and
histopathologic examinations were conducted with no toxic effects being
reported at any dosé. Therefore, the highest dose of 422 mg/kg/day is
considered to be the NOAEL for this study. However, this study is not used as
the basis for the RfD because the LOAEL of 446 mg/kg/day identified by NTP
(1989) is too close to the NOAEL identified by Wolf et al. (1956). Also, the
NTP study indicated that male rats are more sensitive to toluene and the Wolf

study utilized only female rats.

<<< Toluene »>>>



I.A.3. UNCERTAINTY AND MODIFYING FACTORS (ORAL RfD)

UF = 1000. An uncertainty factor of 1000 was applied to account for inter-
and intraspecies extrapolations, for subchronic-to-chronic extrapolation and

for limited reproductive and developmental toxicity data.

<<< Toluene >>>
I.A.4, ADDITIONAL COMMENTS (ORAL RfD)

Kostas and Hotchin (1981) exposed NYLAR mice pre- and post-natally to
toluene provided in the drinking water at concentrations of 0, 16, 80, or 400
ppm. Effects were noted in all dosed groups on rotorod performance, measured
at 45 to 55 days of age, but there was an inverse dose-response relationship.
No effects of toluene exposure were seen on maternal fluid consumption,
offspring mortality rate, development of eye or ear openings, or surface-
righting response. This study is not suitable for use in risk assessment
because only 6 to 9 pregnancieé/dose group were obtained, and because the

dose-response relationship was inverse.

In an abstract providing limited information, Nawrot and Staples (1979)
reported an increase in embryonic lethality in mice exposed to toluene from
days 6 to 15 of gestation. Pregnant CD-1 dams were administered 0.3, 0.5, or
1.0 mL/kg bw, 3 times/day (equivalent to approximately 780, 1300, or 2600
mg/kg/day). Maternal toxicity was not observed at any dose level, but toluene
was shown to be teratogenic at the high dose and embryolethal at the low dose.

These levels are higher than the NOAEL demonstrated by the NTP (1989) study.



Several subchronic and chronic inhalation studies have been performed on
toluene but are not considered to be suitable for deriving an oral RfD. These
studies are summarized nicely in the introduction to the 2-year inhalation
biocassay by NTP, 1989. The studies identify the following potential target
organs: kidney (male rat); hematologic effects (mice); central nervous
system (rats, mice, primates); developmental toxicity (rats, rabbits). It is
beyond the scope of this oral RfD summary sheet to describe each of these
studies, but the two chronic (2 year) inhalation studies are summarized

briefly below.

In a 2-year inhalation study by ﬁTP (1989), F344 rats (60/sex/group) were
exposed to 0, 600, or 1200 ppm toluene and B6C3F1 mice (60/sex/group) to 0,
120, 600, or 1200 ppm toluene for 6.5 hours/day, 5 days/week. Ten
animals/group (except male mice) were removed at 15 months for toxicelogic
evaluation. At 15 months, there was an increased incidence and severity of
nonneoplastic lesions of the nasal cavity of exposed rats. Minimal
hyperplasia of the bronchial epithelium was seen in 4/10 female mice at 1200
ppm. There were no significant differences in survival among any group of
animals during the 2-year study. Mean body weights were generally similar for
all groups throughout the study. Nephropathy was seen in almest all rats with
the severity somewhat increased in exposed rats. There were also effects on
the olfactory and respiratory epithelia of exposed rats. No biologically
important 1esions were seen in any groups of mice. There was no evidence of

carcinogenicity for any group of animals in this study.

A chronic inhalation study in rats performed by CIIT (1980) failed to
pfoduce an adverse effect. Groups of 40 F344 rats/sex were exposed to 30,
100, or 300 ppm toluene for 6 hours/day, 5 days/week for 24 months. An
unexposed group of 120 rats/sex served as a control. Clinical chemistry,

hematology, and urinalysis testing were conducted at 18 and 24 months. All




parameters measured at the termination of the study were normal except for a
dose-related reduction in hematocrit values in females exposed to 100 and 300

ppm toluene. The highest dose of 300 ppm was considered to be a NOAEL.
<<< Toluene >>>
I.A.5. CONFIDENCE IN THE ORAL RfD

Study: High
Data Base: Medium

REfD: Medium

Confidence in the principal study is high because a sufficient number of
animals/sex were tested in each of six dose groups (including vehicle
controls) and many parameters were studied. The same protocol was tested in
both mice and rats, with rats being identified as the more sensitive species.
The data base is rated medium because it is supported by a 6-month oral study.
It is not higher than medium because there is no reproductive study. Also,
the oral studies are all subchronic, with the critical study being only 13

weeks in duration. Medium confidence in the RfD follows.
<<< Toluene >>>

I.A.6. EPA DOCUMENTATION AND REVIEW OF THE ORAL RfD

Source Document -- This assessment is not presented in any existing U.S. EPA

document.

Agency RfD Work Group Review: 05/20/85, 08/05/85, 08/05/86, 05/17/90,
06/20/90



Verification Date: 06/20/90

I.A.7. EPA CONTACTS (ORAL RfD)

Sue Velazquez / ORD -~ (513)569-7571 / FIS 684-7571

Krishan Khanna / ODW -- (202)260-7588 / FTS 260-7588
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__I.B. REFERENCE CONCENTRATION FOR CHRONIC INHALATION EXPOSURE (RfC)
Substance Name =-- Toluene

CASRN -- 108-88-3

A risk assessment for this substance/agent is under review by an EPA work

group.

e s e e s e, s s

_II. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE



Substance Name -- Toluene
CASRN - 108-88-3

Last Revised -- 08/01/90

Section II provides information on three aspects of the carcinogenic risk
assessment for the agent in question; the U.S. EPA classification, and quant-
itative estimates of risk from oral exposure and from inhalation exposure.

The classification reflects a weight-of-evidence judgment of the likelihood
that the agent is a human carcinogen. The quantitative risk estimates are
presented in three ways. The slope factor is the result of application of a
low-dose extrapolation procedure and is presented as the risk per (mg/kg)/day.
The unit risk is the qguantitative estimate in terms of either risk per ug/L
drinking water or risk per ug/cu.m air breathed. The third form in which risk
is presented is a drinking water or air concentration providing cancer risks
of 1 in 10,000, 1 in 100,000 or 1 in 1,000,000. Background Document 2
(Service Code &) provides details on the rationale and methods used to derive
the carcinogenicity values found in IRIS. Users are referred to Section I for

information on long-term toxic effects other than carcinogenicity.

<<< Toluene >>>

__IX.A. EVIDENCE FOR CLASSIFICATION AS T0O HUMAN CARCiNOGENICITY

II.A.1. WEIGHT-OF-EVIDENCE CLASSIFICATION

Classification =-- D; not classified



Basis -- No human data and inadequate animal data. Toluene did not produce

positive results in the majority of genotoxic assays.

<<< Toluene >>>

___IT.A.2, HUMAN CARCINOGENICITY DATA -
None.

<<< Toluene >>>

___Ii.A.3. ANTMAL CARCINOGENICITY DATA

A chronic (106-week} biocassay of toluene in F344 rats of both sexes
reported no carcinogenic responses (CIIT, 1980). A total of 960 rats were
exposed by inhalation for 6 hours/day, 5 days/week to toluene at 0, 30, 100,
or 300 ppm. Groups of 20/sex/dose were sacrificed at 18 months. Gross and
microscopic examination éf tissues and organs identified no increase in
neoplastic tissue or tumor masses among treated rats when compared with
controls. The study is considered inadequate because the highest dose
administered was well below the MTD for toluene and because of the high

incidence of lesions and pathological changes in the control animals.

Several studies have examined the carcinogenicity of toluene following
repeated dermal applications. Toluene (dose not reported) applied to shaved
interscapular skin of 54 male mice (strains A/He, C3HeB, SWR) throughout their
lifetime (3 times weekly) produced no carcinogenlc response (Poel, 1963). One
drop of toluene (about 6 mL) applied to the dorsal skin of 20 random-bred
albino mice twice weekly for 50 weeks caused no skin papillomas or carcinomas

after a l-year latency period was allowed (Coombs et al., 1973). No increase



in the incidence of skin or systemic tumors was demonstrated in male or female
mice of three strains (CF, C3H, or CBaH) when toluene was applied to the back
of 25 mice of each sex of each strain at 0.05~0.1 mL/mouse, twice weekly for
56 weeks (Doak et al., 1976). One skin papilloma and a single skin carcinoma
were reported among a group of 30 mice treated dermally with one drop of 0.2%
(w/v) solution toluene twice weekly, administered from droppers delivering 16-
20 ul per drop for 72 weeks (Lijinsky and Garcia, 1972). It is not reported
whether evaporation of toluene from the skin was prevented during these

studies.
<<< Toluene >>>
IT.A.4. SUPPORTING DATA FOR CARCINOGENICITY

Toluene was found to be nonmutagenic in reverse mutation assays with S.
typhimurium (Mortelmans and Riccio, 1980; Nestmann et al., 1980; Bos et al.,
1981; Litton Bionetics, Inc., 1981; Snow et al., 1981) and E. coli (Mortelmans
and Riccio, 1980), with and without metabolic activation. Toluene did not
induce mitotic gene conversion (Litton Bionetics, Inc., 1981; Mortelmans and
Riccio, 1980) or mitotic crossing over (Mortelmans and Riccio, 1980) in 8.
cerevisiae. Although Litton Bionetics, Inc. (1981) reported that toluene did
not cause increased chromosomal aberrations in bone marrow cells, several
Russian studies (Dobrokhotov, 1972; Lyapkalo, 1973) report toluene as
effective in causing chromosal damage in bone marrow cells of rats. There was
no evidence of chromosomal aberrations in blood lymphocytes of workers exposed
to toluene only (Maki-Paakkanen et al., 1980; Forni et al., 1971), although a
slight increase was noted in workers exposed to toluene and benzene (Forni et
al., 1971; Funes-Craviota et al., 1977). This finding is supported by studies
of cultured human lymphocytes exposed to toluene in vitro; no elevation of

chromosomal aberrations or sister chromatid exchanges was observed (Gerner-



Smidt and Friedrich, 1978).

———m—e————ClS TOlUBNE PEdevecccc—w-

__II.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE

Not available.

--------- << Toluene >>>-—————-—-

__II.C. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM INHALATION EXPOSURE

Not awailable.

———————— <<< Toluene >>>-———-- -—

__II.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS (CARCINOGENICITY ASSESSMENT)

II.DP.1., EPA DOCUMENTATION

U.S. EPA. 1987. Drinking Water Criteria Document for Toluene. Prepared by



the Office of Health and Environmental Assessment, Environmental Criteria and
Assessment Office, Cincinnati, OH for the Office of Drinking Water,
Washington, DC. ECAO-CIN-408.

<<< Toluene >>>

II.D.2. REVIEW (CARCINOGENICITY ASSESSMENT)

The values in the 1987 Drinking Water Criteria Document for Toluene have

received peer and administrative review.

Agency Work Group Review: 09/15/87

Verification Date: 09/15/87

JI.D.3. U.S8. EPA CONTACTS (CARCINOGENICITY ASSESSMENT)

DPharm V. Singh / ORD -- (202)260-5958 / FTS 260-~5958

Robert E. McGaughy / ORD -- (202)260-5898 / FTS 260~-5898

_II1I. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS



__ITT.A. DRINKING WATER HEALTH ADVISORIES

Substance Name —--— Toluene
CASREN -- 108-88-3

Last Revised -~ 09/01/90

The Office of Drinking Water provides Drinking Water Health Advisories
(HAs) as technical guidance for the protection of public health. HAs are
not enforceable Federal standards. HAs are concentrations of a substance
in drinking water estimated to have negligible deleterious effects in
humans, when ingested, for a specified period of time. Exposure to the
substance from other media is considered only in the derivation of the
lifetime HA. Given the absence of chemical-specific data, the assumed
fraction of total intake from drinking water is 20%. The lifetime HA is
calculated from the Drinking Water Egquivalent Level (DWEL) which, in turn,
is based on the Oral Chronic Reference Dose. Lifetime HAs are not derived
for compounds which are potentially carcinogenic for humans because of the
difference in assumptions concerning toxic threshold for carcinogenic and
noncarcinogenic effects. A more detailed description of the assumptions
and methods used in the derivation of HAs is provided in Background

Document 3 in Service Code 5.

<<< Toluene >>>

__IIT.A.1. ONE-DAY HEALTH ADVISORY FOR A CHILD
One-day HA -- 2E+1 mg/L

NOAEL -- 21.5 mg/kg/day



UF -- 10 (allows for intrahuman variability with the use of a NOAEL from a

human study)

Assumptions -- 1 L/day water consumption for a 10-kg child
Principal Study -- Gamberale and Hultengren, 1972

This study reported that a 20-minute exposure to 100 ppm toluene was a no-
effect level when determined by perceptual speed and reaction time tests in
human volunteers. At 200 ppm, toluene was noted as clearly causing toxic
effects such as incoordination, exhilaration, and prolonged reaction time.
These and other data support the selection of 100 ppm (377 mg/cu.m) toluene as
the NCAEL in humans exposed fﬁr up to 8 hours. Based on the conditions of
exposure and an assumed absorption rate of 60%, this level is equivalent to

21.5 mg/kg/day.
<<< Toluene >>>
_ IIT.A.2. TEN-DAY HEALTH ADVISORY FOR A CHILD
No information was found in the available literature that was suitable for
determination of a Ten-day HA value. It is, therefore, recommended that the
DWEL, adjusted for a 10-kg child (3 mg/L) be used as the Ten-day HA value.
<<< Toluene >>>
__IIXT.A.3. LONGER-TERM HEALTH ADVISORY FOR A CHILD
No information was found in the available literature that was suitable for

determination of a Longer-term HA value. It is, therefore, recommended that

the DWEL, adjusted for a 10-kg child (3 mg/L) be used as the Longer—-term HA




value for a child.

<<< Toluene >>>

ITY.A.4. TLONGER-TERM HEALTH ADVISORY FOR AN ADULT

No information was found in the available literature that was suitable for

determination of a Longer-term HA value. It is, therefore, recommended that

the DWEL, adjusted for a 70-kg adult (10 mg/L) be used as the Longer~term HA

value for an adult.

<<< Toluene >>>

ITTI.A.5. DRINKING WATER EQUIVALENT LEVEL / LIFETIME HEALTH ADVISORY

DWEL -- 7E-0 mg/L

Assumptions -- 2 L/day water consumption for a 70-kg adult

REfD Verification Date ~- 06/20/90

Lifetime HA -- 1E-0 mg/L

Assumptions -- 20% exposure by drinking water

Principal Study -- NTP, 1989 (This study was used in the derivation of the

chronic oral RfD; see Section I.A.2.)

<<< Toluene >>>



ITI.A.6. ORGANOLEPTIC PROPERTIES

Taste threshold in water is reported as 0.04 and 1 mg/L. Odor threshold

in water is reported as 0.04 and 1 mg/L.
<<< Toluene >>>

ITTI.A.7. ANALYTICAL METHODS FOR DETECTION IN DRINKING WATER

Analysis of toluene is by a purge-and~-trap gas chromatographic procedure
used for the determination of volatile aromatic and unsaturated organic
compounds in water.
<<< Toluene >>>

IIT.A.8. WATER TREATMENT

.Treatment options for removing toluene form drinking water sources include

air stripping and adsorption onto granular activated carbon.
<<< Toluene >>>
IITI.A.9. DOCUMENTATION AND REVIEW OF HAs

U.S. EPA. 1990. Final Draft of the Drinking Water Criteria Document for

Toluene. o©Office of Drinking Water, Washington, DC.
EPA review of HAs in 1986,

Public review of HAs in 1987.



l

Science Advisory Board review to be determined.

Preparation date of this IRIS summary -- 08/20/90

IIT.A.10. EPA CONTACTS

Krishan Khanna / ODW -- (202)260-9568 / FTS 260-9568

Edward V. Ohanian / ODW -- (202)260-7571 / FTS 260-7571

T A e —— — T A - —————————————— — — — — . Y A D A S A D A e e . S S

__III.B. OTHER ASSESSMENTS

Substance Name -- Toluene

CASRN -- 108-88-3

Content to be determined.

_IV. U.S. EPA REGULATORY ACTIONS

o Ny wrw



Substance Name -« Toluene
CASRN -- 108-88-3

Last Revised -- 01/01/92

EPA risk assessments may be updated as new data are published and as
assessment methodologies evolve. Regulatory actions are frequently not
updated at the same time. Compare the dates for the regulatofy actions in
this section with the verification dates for the risk assessments in sections
I and II, as this may explain inconsistencies. Also note that some regulatory
actions consider factors not related to health risk, such as technical or
economic feasibility. Such considerations are indicated for each action. 1In
addition, not all of the regulatory actions listed in this section involve
enforceable federal standards. Please direct any questions you may have
concerning these regulatory actions to the U.S. EPA contact listed for that
particular action. Users are strongly urged to read the background inform-

ation on each regulatory action in Background Document 4 in Service Code 5.

<<< Toluene >>>

__IV.A. CLEAN AJR ACT (CAA)

IV.A.1. CAA REGULATORY DECISION
Action -- Decision not to regulate

Considers technological or economic feasibility? -- NO




Discussion -- The U.S. EPA concluded that current information does not
indicate that toluene endangers public health at ambient concentrations
(excluding emergency releases), and thus no regulation directed specifically

at toluene is necessary at this time under the CaA.

Reference -- 45 FR 22195 (05/25/84)

EPA Contact =-- Enmissions Standards Division, OAQPS

(919)541-5571 / FTS 629-5571

--------- <<< Toluene >>>-—-—---—---

__IV.B. SAFE DRINKING WATER ACT (SDWA)

_IV.B.1. MAXIMUM CONTAMINANT LEVEL GOAL (MCLG) for Drinking Water

Value (status) -- 1 mg/L (Final, 1991)

Considers technological or economic feasibility? -- NO

Discussion —— EPA has set a MCLG for toluene based on its potential adverse

effects reported in a 13-week oral study in rats. The MCLG is based upon a

DWEL of 7 mg/L and an assumed drinking water contribution of 20 percent.

Reference ~— 54 FR 22062 (05/22/89)

EPA Contact -- Health and Ecological Criteria Division / OST /



(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791
<<< Toluene >>>

___IV.B.2. MAXIMUM CONTAMINANT LEVEL (MCL) for Drinking Water

Value -~ 1 mg/L (Final, 1991)

Considers technological or economic feasibility? -- YES

Monitoring requirements -- All systems initially monitored for four
consecutive quarters; repeat monitoring dependent upon detection,

vulnerability status and system size.

Analytical methodology -- Gas chromatography (EPA 502.2, 503.1);

gas chromatography/mass spectrometry (EPA 524.1, 524.2): PQL= 0.005 mg/L.
Best available technology -- Granular activated carbon; packed tower aeration
Reference -~ 56 FR 3526 (01/30/91); 56 FR 30266 (07/01/91)

EPA Contact -- Drinking Water Standards Division / OGWDW /

(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791
<<< Toluene >>>
IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

Value -- 0.04 mg/L (Proposed, 1989)



Considers technological or economic feasibility? -- NO

Discussion -- SMCLs are non-enforceable and establish limits for contaminants
which may affect the aesthetic'qualities (e.g. taste and odor) of drinking
water. It is recommended that systems monitor for these contaminants every
three years. More frequent monitoring for contaminants such as pH, color, odor
or others may be appropriate under certain circumstances. The SCML for toluene
is based on odor detection. Promulgation deferred following public comment
(56 FR 3526).

Reference -- 54 FR 22062 (05/22/89); 56 FR 3526 (01/30/91)

EPA Contact ~- Drinking Water Standards Division / OGWDW /

(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

<<< Toluene >>>

IV.B.4. REQUIRED MONITORING OF "“UNREGULATED" CONTAMINANTS

No data available

__IV.C. CLEAN WATER ACT (CWA)

IV.C.1. AMBIENT WATER QUALITY CRITERIA, Human Health



Water and Fish Consumption: 1.42E+4 ug/L

Fish Consumption Only: 4.24E+5 ug/L

Considers technological or economic feasibility? -- NO

Discussion -- The WQC of 1.43E+4 ug/L is based on consumption of contaminated

agquatic organisms and water. A WQC of 4.24E+5 ug/L has also been established

based on consumption of contaminated agquatic organisms alone.

Reference —— 45 FR 79318 (11/28/80)

EPA Contact -- Criteria and Standards Division / OWRS

(202)260-1315 / FTS 260-1315

<<< Toluene >>>

Iv.C.2. AMBIENT WATER QUALITY CRITERIA, Aquatic Organisms

Freshwater:
Acute LEC -- 1.75E+4 ug/L
Chronic LEC -- none
Marine:
Acute LEC -- 6.3E+3 ug/L
Chronic LEC -- 5.0E+3 ug/L

Considers technological or economic feasibility? -- NO



Discussion -- The values that are indicated as "LEC" are not criteria,but
are the lowest effect levels found in the literature. LEC’s are given when
the minimum data required to derive water quality criteria are not available.

Reference -- 45 FR 79318 (11/28/80)
EPA Contact -- Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260~1315

--------- <<< Toluene > > eww—————-

__IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)

No data available

__IV.E. TOXIC SUBSTANCES CONTROL ACT (TSCA)

No data available




IV.F. RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)

__IV.F.1. RCRA APPENDIX IX, for Ground Water Monitoring
Status -- Listed

Reference -- 52 FR 25942 (07/09/87)

EPA Contact --  RCRA/Superfund Hotline

(800)424-9346 / (202)260-3000 / FTS 260-3000

————————— <<< Toluene >>>—~—————=-

__IV.G. SUPERFUND (CERCLA)

IV.G.1. REPORTABLE QUANTITY (RQ) for Release into the Environment
Value (status) -- 1000 pounds (Final, 1985)
Considers technological or economic feasibility? -~ NO

Discussion -- The final RQ is based on aquatic toxicity, as established under
Section 311(b) (4) of the Clean Water Act, ignitability, and chronic toxicity.
Available data indicate that the aquatic 96-Hour Median Threshold Limit for
Toluene is between 10 and 100 ppm. Its closed-cup flash point is less than

100F and its boiling point is >100F. RQ assignments based on chronic toxicity



reflect two primary attributes of the hazardous substance, the minimum
effective dose (MED) levels for chronic exposure (mg/day for a 70-kg person)
and the type of effect (liver necrosis, teratogenicity, etc). A composite
score is determined from an evaluation of these two attributes. Toluene was

|
|
i
i
! determined to have a composite score between 6 and 20, corresponding to a
|
~ chronic toxicity RQ of 1000 pounds.

|

1 Reference -- 50 FR 13456 (04/04/85); 54 FR 33418 (08/14/89)

EPA Contact -- RCRA/Superfund Hotline

(800)424-9346 / (202)260-3000 / FTS 260-3000

_V. SUPPLEMENTARY DATA

Substance Name =-- Toluene

CASRN -- 108-88-3

Not available at this time.

|
|
\
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METEYL PARATHION

Health Advisory
Office of Drinking Water
U.S. BEnvironmental Protection Agency

INTRODUCTION

The Health Advisory (HA) Program, sponsored by the Office of Drinking
Water (ODW), provides information on the health effects, analytical method-
ology and treatment technology that would be useful in dealing with the
contamination of drinking water. Health Advisories describe nonregulatory
concentrations of drinking water contaminants at which adverse health effects
would not be anticipated to occur over specific exposure durations. Health
3 Advisories contain a margin of safety to protect sensitive members of the
E. population. ‘

Health Advisories serve as informal technical gquidance to asgsist Federal,
State and local officials responsible for protecting public health when
emergency spills or contamination situations occur. They are not to be
construed as legally enforceable Federal standards. The HAs are subject to
change as new information becomes available.

Health Advisoriea are developed for one-day, ten—day, longer-term
(approximately 7 years, or 10% of an individual's lifetime) and lifetime
exposures based on data describing noncarcinogenic end points of toxicity.
For those substances that are known or probable human carcinogens, according
to the Agency classification scheme (Group A or B), Lifetime HAs are not
recommended. The chemical concentration values for Group A or B carcinogens

are correlated with carcinogenic risk. estimates by employing a cancer potency
{unit risk) value together with assumptions for lifetime exposure and the

congumption of drinking water. The cancer unit risk is usually derived from
the linear multistage model with 95% upper confidence limits. This provides
a low-dogse estimate of cancer risk to humans that is considered unlikely to
pose a carcinogenic risk in excess of the stated values. Excess cancer risk
estimates may also be calculated usirng the One-hit, Wweibull, Logit or Probit
models. Thera is no current understanding of the bioclogical mechanisms
involved in cancer to suggest that any one of these models is able to predict
risk more accurately than another. Because each model is based on differing
assumptions, the estimates that are derived can differ by several orders of
mgnl.tude .
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II. GENERAL INFORMATION AND PROPERTIES

CAS No. 298-00=0

i
i
5
;
¢

Aoon,,

Structural Formula .

NO,

0,0-Dimethyl ~0=-{4-nitrophenyl) phosphorothioic acid

Synonyms g
® Metaphos; Dimethyl parathion; Folidol M; Metocide; Penncap M; Sinafidé
M-48; Wofatox: Cekumethion; Devithion; Drexel Methyl Parathion 4E;
E601; Fosferno M50; Gearfos; Parataf; Partron=M; Tekwaisa; Parathion-
methyl (Meister, 1988). ‘

fi: Uses

.

A

® A restricted-use pesticide fer control of variocus insects of economicg

importance; especially effective for boll weevil control (Meister, I?ﬂ}

4

Properties (Hawley, 1981; Meister, 1988; CHEMLAR, 1985; TDB, 1985) '

Chemical Formula CaH 1gOgiSP %
Molecular Weight 263.23 2
Physical State (239¢C) White c¢rystalline solid
Boiling Point -
Melting Point 35 to 38°C
Density -
Vapor Pressure (20°C) 0.97 x 10~5 mm Hg
Specific Gravity -
Water Solubility (25°C) 55 to 60 mg/L
Log Octancl/Water Partition 3.11 (calculated)
Coefficient
Taste Threshold -
Odor Threshold L m-
Conversion Factor T .
Qccurrence

® Methyl parathion has been found in 1,070 of 27,082 surface water

samples analyzed and in 8 of 2,836 ground water samples (STORET,
1988). samples were collected at 3,558 surface water locations and
2,111 ground water locations, and methyl parathion was found in 20
states. The $5th percentile of all nonzero samples was 1.18 ug/L
in surface water and 0.05 ug/L in ground water sources. The maximum
concantration found was 13 ug/L in surface water and 0.05 ug/L in
ground water. This informaticn is provided to give a general impress
of the occurrence of this chemical in ground and surface waters as
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reportad in the STORET database. The individual data points retrieved
were used as they came from STORET and nave not been confirmed as to
their validity. STORET data is often not valid when individual
numbera are used out of the context of the entire sampling regime, as
they are here. Therefore, this information can only be uged to form

an impression of the intensity and lecation of sampling for a particular
chemical. N

Envirogmcntal Fate

Methyl parathion {99% pure) at 10 ppm was added to sea water and

exposed to sunlight; some samples were alsc kept in the dark (controls).
After 6 days, 57% of the parent compound had degraded but the degradates
were not identified. Since only 27% of the parent compound had degraded
in the dark controls, this indicatas that methyl parathicn is gubject

to photodegradation in sea water (U.S. EFA, 198l1).

The degradation rate of two formulations (EC and MCAP) of methyl
parathion, applied at 0.04 ppm, was compared in a sediment/water
system. Degradates were not identified; however, the parent compound
had a half-life of 1 to 3 days in water. In the hydrosoil plus
sedimant, methyl parathion applied as an emulsifiable concentrate
formulation had a half-life of 1 to 3 days, whersas for the micro-
encapsulated formulation, the half-life was 3 to 7 days (Agchem, 1983).

Methyl parathion was relatively immobile in 30-cm soil columns of sandy
loam, silty clay loam and silt loam gocilg leached with 15.7 inches of
water, with no parent compound found pelow 10 cm or in the column

leachate, which was the case for the column of sand (Fennwalt Corporation.,
1977) . :

Methyl parathion (MCAP or IC formulation) at 5 lb ai/A (active
ingredient/acre) was detected in runoff water from field plots irrigated
4 to 5 days posttreatment. Levels found in soil and curf plots ranged

from 0.13 to 21 ppm and 0.17 to 0.20 ppm, respectively {Pennwalt
Corporation, 1972).

A field dissipation study with methyl parathion (4 lb/gal EC) at 3 lb
ai/A, applied alone or in combinaton with Curacron, dissipated to

nondetectabla levels (<0.05 ppm) within 30 days in silt loam and
loamy sand soils (Ciba-Geigy Corporation, 1978).

111, PHARMACOKINETICS

Absorgtion

Braackman et al. (1983) administered a single oral dose of 35g~methyl
parathion (20 mg/kg) by stomach tube to four mongrel dogs. Peak
concentrations in plasma ranged from 0.13 to 0.96 ug/mL, with peak
levels occurring 2 to 9 hours after dosing. In two dogs given single

oral doses of 35S-methyl parathion (3 mg/kg) in this study, absorption
was estimated to be 77 and: 79%, based on urinary excration of label.
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Digtribution

-]

Metabolism

‘the activity of female liver {J.2 units) was significantly greater

p
b

4=
T

The authors concluded that methyl parathion was well absorbed from
the gastrointestinal tract.

Hollingworth et al. (1967) gats a single oral dose of 32P=labeled
methyl parathion by gavage (3/or 17 mg/kg, dissolved in oclive oil) to
male Swiss mice. Recovery of label in the urine reached a maximum of
about 85%, most of this occurring within 18 hours of dosing. The
amount of label in the feces was low, never exceeding 10% of the
dose. This indicated that abgorption was at least 90% complete.

Ackermann and Engst (1970) administered methyl parathion to pregnant
albinc rats and examined the dams and fetuses for the distribution
of the pesticide. The pregnant rats (weighing about 270 g each) were
given 3 mg {11.1 mg/kg) of methyl parathion orally on days 1 to 3 of
gestation and sacrificed 30 minutes after the last dose. Methyl
parathion was detected in the maternal liver (25 ng/g), placenta

(80 ng/g), and in fetal brain {35 ng/g), liver (40 ng/g) and back
musculature (60 ng/g).

Hollingworth et al. (1967) gave 32p-labeled methyl parathion by
gavage (3 or 17 mg/kg, dissolved in olive oil) to male Swiss mice. :
About 85% of the label appeared in the urine within 72 hours. Urinary
metabolites identified 24 hours after the low dose were: dimethyl
phosphoric acid (53.1%); dime:hyl phosphorothicic acid (14.9%);
desmethyl phosphate (14.1%); desmethyl phosphorothiocate (11.7%);
phosphoric agid (2.0%); methyl phosphoric acid (1.7%); and phosphate
(0.68%). The radioactivity in the urine was fully accounted for by
hydrolysis products and P=0 activation products. No evidence was
found for reduction of the nitro group to an amine, oxidation of the
ring methyl group, or hydroxylation of the ring. A generally similar
pattern was cobserved at the high dose, except for a lower percentage
of dimethyl phosphoric acid (31.9%) and higher percentages of desmethyl]
phosphate (23.1%) and desmethylphosphorothionate (18.8%). Based on |
this, the authors proposed a metabolic scheme involving oxidative
desulfuration, oxidative cleavage of the phospho group from the ring
and hydrolysis of the phozphomathyl asters.

Neal and DuBois (1965) investigated the in vitro detoxification of
methyl parathion and other phosphorothicates using liver microsomes
prepared from adult male Sprague-Dawley rats. Metabolism was found
ta involve oxidative desulfuration followed by hydrolysis to yield
p-nitrophenol. Extracts from livers of adult male rats exhibited
higher metabolic activity than that of adult females (3.2 versus
1.9 units, where one unit equals 1 ug p-nitrophenol/S0 mg liver
extract) (p <0.01). The activity of weanling rat liver (2.7 units)
was {ntermediate between thesé¢ two. In the case of adult CF-1 mice,

(p <0.05) than that of the males (2.3 units). The activity of young
adult male guinea pig liver extracts was 5.6 wnits. The authors notaq

5%
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that these differences in metabolic detoxification rates correlated
with the sex and species differences in susceptibility to the acute
oral toxic effects of this family of compounds.

° Nakatsugawa et al. (1968) inveatigated the degradation of methyl
parathion using liver microsomes from adult male rats and rabbits
(strains not spacified). -Metabolism occurred by two oxidative pathways:
activation of the phosphorua=-sulfur bond to the phosphorus=-oxygen
analog, and cleavage at the aryl phosphothicate bond to yield p-nitro-
phenol. These reactions occurred only in the presence of oxygen and
NADPH». The amounts of phenol and oxygen analog formed were 3.8 and
3.7 uM in the rabbit liver extract and 2.5 and 5.4 uM in the rat
livar extract, respectivalg;

Exeretion

® Braeckman et al. (1983) administered individual doses of 3 mg/kg of
35g-methyl parathion to two mongrel dogs. In each dog, the agent was
given once intravenously and, 1 week latar, once orally via stomach
tube. This dosing pattern was repeated once in one dog. Urine was
collactad every 24 hours for 6 days after each treatment. Urinary
excretion 6 days after oral dosing was 63% in the animal without
repeated dosing and 70% and 78% in the other. [Urinary excretion
6 days after intravenous dosing was 80% in the animal without repeated
dosing and 95 to 96% in the other. Most of the label appeared in urine
within two days. Other excretory routes were not monitored.

e EEEES

° Hollingworth et al. (1967) gave 32P-labeled methyl parathion (3 or
17 mg/kg, dissolved in olive oil) by gavage to male Swiss mice.
Racovery of label in the urine reached a maximum of about 85%, most
of this occurring withir 18 hours of dosing. The amount of label in
the feces was low, never exceeding 10% of the dose. This indicated
that abasorption was at lzast 90% complete.

7y, HEALTH EFFECTS

Humans
Short=-tern osSuLe

¢ Nemec et al. (1968) monitored cholinesterase (ChE) levals in two
workers (entomologists) who examined plants in a cotton field after
it had been sprayed with an ultra-low-volume {nonaguecus) preparation
of methyl parathion (1.5 to 2 1b/acre)., The men entered a cotton
field to examine the plants on 3 different days over a 2=-4asak period;
two of these occasions were within 2 hours after the ultra=low-volume
gpraying, and the third occasion was 24 hours after a spraying.
After each field trip their arms were washed with acetone and the
adhering methyl parathion determined. It was found that contact with
the plants 2 hours after spraying regulted in 2 to 10 mg of methyl
parathion residua on the arms; exposure 24 houra after spraying
rasulted in a residue on the arms of 0.16 to 0.35 mg. The amount of

L7 '
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pagticide abgorbed was not eétimated. No toxic symptaﬁa wersa sxperis
by either man, but measurement of red blood cell ChE activity immedia
after the third of these axposures showed a decrease in activity to

60 to 65% of preexposure levels. These values did not increase
significantly over the next 24 houra. It was concluded that workers

should not enter such a field until more than 24 hours, and preferably
48 hours, have elapsed after spraying with ultra-low-volume Lnsacticid
sprays. Water emulsion sprays were not tested, but the authors
cautioned that it cannot be assumed that they are less hazardous than
the ultra-low-volume spray residues.

Rider et al. {1969, 1970, 1971) studied the toxicity of technical
methyl parathion {purity not specified) in human volunteers. Each
phase of the study was done with different groups of seven malae
subjects, five of whom were test subjects and two were vehicle
controls {Rider et al., 1969}, Each study phase was divided into a
30-day pre—test period for establishing cholinesterase baselines, a
30~day trest period when a specific dose of methyl parathion was
given, and a post-test period.

Thirty-two different dosages were evaluated by Rider et al. (1969),
ranging from 1 to 19 mg/day. Early in the study, several of the
groups were given more thai one dose level during a single phase.

The initial amount was 1.0 mg with an increase of 0.5 mg during each
succeeding test period up to 15.0 mg/day. At this point, the dose was
increased by 1.0 mg/day to a total dose of 190 mg/day. Pesticide in
corn oll was given orally in capsules, once per day for each test
pericd of 30 days. At no tima during any of the studies were there
any significant changes in bloocd counts, urinalyses, or prothrombin
times, or was there any evidence of toxic side effects. Cholinesteras:
activity of the plasma and red bleood cells (RBC3) was measured twice
weekly pricr to, during and after the dosing period. The authors
considered a mean depression of 20 to 25% or greater in ChE activity
below control levels to be indicative of the toxic threshold. At
11,0 mg/day, a depression of 15% in plasma ChE occurred, but doses up
to and including 19 mg/day did not produce any significant ChE
depression.

Rider et al. (1970) studied the effects of 22, 24 and 26 mg/day
technical methyl parathion. There were no affects observed at

22 mg/day. At 24 mg/day, plasma and RBC ChE depressicn was
produced in two subjects, the maximum decreases being 24 and 23% for
plasma, and 27 and 55% for RBC. The mean maximal decreases (in all
five subjects) were 17% for plasma and 22% for RBC. With 26 mg/day
RBC ChE depression was again produced in only two of the subjects,
with maximum decreases of ©5:and 37%.,  The mean maximum decrease was
18%. Plasma c¢holinesterase wag not significantly altered.

Rider et al, (1971) assessed the affects of 28 and 30 mg/day technical
methyl parathion. At 28 mg/day, a significant decrease in RBC ChE
was produced in three subjeqﬁs {(data not given), with a maximum mean
decrease of 19%. With a dode of 30 mg/day, a mean maximum depression
of 37% occurred. Based on their critaria of 20 to 23% avaragas
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depression of ChE activity, the authors concluded that this was the
iavel of minimal incipient toxicity. Body weights of the test subjects
were not reported, but assuming an average body weight of 70 kg, a

doge of 22 mg/day corresponds to a No~Observed -Adverse-Ef fact Level
{NOAEL) of 0.31 mg/kg/day. and the 30 mg/day dose corresponds to 0.43
mg/kg/day. The NOAEL ig considered to be 22 mg/day harein because of
the apparent gensitivity of some individual subjects at higher doses

to have met the 20 to 25% criteria for ChE depression as an effact.

Long=term Exposurd o

¢ No information was found in the available literature on the health
effacts of mathyl parathion in humans.

- Animals

Short-term Exposure

s Reported oral LDsgg values for methyl parathion include 14 and 24 mg/kg
in male and female Sherman rats, respectively (Gaines, 1969); 14.5 and
19.5 mg/kg in male and female CD-1 mice, respectively (Haley et al.,
1975); 30 mg/kg in male ddY mice (Isshiki et al., 1983); 18.0 and
8.9 mg/kg in male and female Sprague-Dawley rats, respectively (Sabol,
1985); and 9.2 mg/kg in rats of unreported strain (Galal et al., 1977).

s Galal et al. (1977) determined the subchronic median lethal dose
(C~LDgg) of methyl parathion (purity not specified) in adult albino
rats., Groups of 10 animals received an initial daily oral dose (by
gavage) of 0.37 mg/kg (4% of the acute oral LDgg). Every 4th day the
doge was increased by a factor of 1.5 {dose based on the
body weight of the animals as recorded at 4-day intervals). Treatment
was continued until death or termination at 36 days. Hematological
and blood chemistry analyses were performed initially and on the 21st
and 36th days of the study. Eistopathological studies of the liver,
kidneys and heart were also cacried out on the 21st and 36th days of
treatment. The C=-LDgpj cbtained was 13 mg/kg. The authors concluded
that the most predominant hazards of subchronic exposure to methyl
parathion were weight loss, hyperglycemia and macrocytic anemia, all
probably secondary to hepatic toxicity. gince an lncreasing dose
protocol was used, this study does not jdentify a NOAEL or a Lowest=
Observed-Adverse~-Effect Level (LOAEL}. -

e paly et al. (1979) adminigtered methyl parathion (technical, 93.65%
active ingredient) to Charles River CD=-1 mice for 4 weeks at levels
of 0, 25 or 50 ppm in the diet. ‘Assuming that 1 ppm in the diet of
mice corresponds to 0.15 mg/kg/day (Lehman, 1959), this is eguivalent
to doses of about 0, 1.7% or 7.5 mg/kg/day. Five animals of each sex
wara used at each dose level. Mean body waights were lower (p <0.03)
than control for all treated animals throughout the test period. Mean
food conaumption wag lower (p <0.095) throughout for all test animals
except famales at the 25=ppm level. Mortality, physical sbservations,
and gross postmortem axaminations did not raveal any treatment-related
effects. Cholinesterase measurements were not performed., Based on

NI
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body weight gain, the LOAEL for this study was identified as 25 ppm
{ 3. 75 mg/kg/day). ks

5

° Tegeris and Underwood (1977) examined the effects of feeding methyl

parathion (94.32% pure) to beagle dogs (4 to 6 months of age, weighing

o 5 to 10 kg) for 14 days. Two animals of each sex wera given doses
ta of 0, 2.5, 5 or 10 mg/kg/day. All animals survived the 14-day test
| period. Mean feed consumption and weight gain were significantly
{p <0.05) depressed for both sexes at the 5 and 10 mg/kg/day dose
lavels. After the 3rd day, animals in the high=-dose group began
vomiting after all meals. vomiting was cbserved sporadically at the
lower dose levels, particularly during the 2nd week. The authors
attributed this to acetylcholinesterase inhibition, but no msasure=
ments were reported. No other symptomatology was degcribed. Baged
on weight loss and vomiting, this study identified a LOAEL of
2.5 mg/kg/day in the dog.

s TFan et al. {1978) investigated the {mmunosuppressive effects of methyl
parathion administered orally to Swiss (ICR) mice. The peaticide _
(purity not specified) was fed in the diet at dose levels correspondisg
ro 0, 0.08, 6.7 or 3.9 mg/kg/day for 4 weeks. Active immunity was
induced by weekly injection of vaccine {acetcne-killed Salmonella
typhimurium) during the period of diet treatment. Defense against
microbial infection was tested by intraperitoneal injection of a

single LDgp dose of active 5. typhimurium cells. Protection by
{mmunization was stated to be decreased in methyl parathion-treated

animals, but no dose-responsz data were provided. The authors stated §
that pesticide treatment extending beyond 2 weeks was raquired to
cbtain significant increases in mortality. Increased mortality was
agsociated with an increased number of viable bacteria in blood, |
decreased total gamma-globulins and specific immunoglobina in serum, ;
and reduced splenic blast transformation in response to mitogens. i

® Shtenberg and Dzhunusova (1968) studied the effect of oral exposure td
methyl parathion (purity not specified) on immunity in albino rats |
vaccinated with NIISI polyvaccine. Three tests (six animals each)
were conducted in which: (a) the vaccination was done after the
animals had been on a diet supplying 1.25 mg/kg/day metaphos {methyl &
parathion) for 2 weeks: (b) the diet and vaccinations were initiated
simultaneously; and {c) the diet was initiated 2 weeks after vacclnas
tion. The titer of agglutins in immunized control rats was 1:1,200,
This titer was decreaged in all exposed groups as follows: 1:46 in
saries (a), 1:75 in series {b) and 1533.3 in series (c). The authordp
judged this to be clear evidence of inhibition of immunobiological
reactivity in the exposed animals. Changes in blood protein fractiog
and in serum concentration of albumins were not atatistically signitik
pased on immune suppressiony a LOAEL of 1.25 mg/kg/day was identified]

Dermal/Ocular Effects i

* Gaines (1969) reported a d;rmal LDgg of 67 mg/kg for methyl parathiog
in male and female Sherman rats. : . _ :

H
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Galloway (1984a,b) studied the skin and eye lrritation properties of
methyl parathion (technical; purity not specified) using albing New
Zealand White rabbits. In the skin irritation test, 0.5 mL undiluted
pesticide wag applied and the treated area occluded for 4 hours.

This treatment resulted in dermal edema that persisted for 24 hours,
and in erythema that lasted for 6 days. After a total observation
period of 9 days, a score of 2.0 was derived, and technical methyil
parathion was rated as a weak ipritant. In the aye irritation test,
0.% mL of the undiluted pestigide was applied to nine eyes. Three
were washed after exposura, and six were left unwashed. Conjunctival
irritation was obsarved starting at 1 hour and lasting up to 48 hours
postaexposure. Maximum average irritation scores of 11 and 10.7 were
assigned for nonwashed and washed eyes, raspactively, and technical
methyl parathion was considered a weak irritant.

Galloway (1985) used guinea pigs to examine the sensitizing potential

of methyl parathion ({(technical; purity not stated). Ten doses of

0.5 mL of a 10% solution (w/v in methancl) were applied to the clipped

intact skin of 10 male guinea pigs (albino Hartley strain} over a

36-day period. This corresponds to an average dose of 13.9 mg/kg/day.

Another group was treated with 2,4-dinitrochlorobenzene as a positive +
contrel. No skin sensitization reaction was observed in methyl ﬂ
parathion=treated animals. L

Skinner and Kilgore (1982) studied the acute dermal toxicity of methyl
parathion in male Swigs-Webster mice, and simultaneocusly determined
EDgq values for cholinesterase and acetylcholinesterase inhibition.
Methyl parathion {analytical grade, 99% pure) was administered in 4
acetone solution to the hind feet of the mice: the animals were ‘
muzzled to prevent oral ingestion through grooming. The dermal LDgg
was 1,200 mg/kg. The EDgg was 950 mg/kg for cholinesterase inhibition
and 550 mg/kg for acetylcholinesterase inhibition.

Daly and Rinehart (1980) conducted a 3C-day feeding study of methyl
parathion (93.65% pure) using charles River CD~1 mice. Groups of 15
mice of each sex were given diets containing the pesticide at levels

of 0, 10, 30 or 60 ppm. Assuming that ! ppm in the diet of mice corre-
sponds to 0.15 mg/kg/day (Lehman, 1959), this is equivalent to doses .
of about 0, 1.5, 4.5 or 9.0 mg/kg/day. All mice survived the test. ;
Msan body weights were significantly (p <0.05) depresaed for both

sexes at 60 ppm throughout the study and for males during the first dg
% weeks at 30 ppm. Animals of both sexes had a slight but not :
significant (p <0.0S5) increase in the mean absolute and relative
brain weights at 60 ppm. There were dose-related decreases (p <0.05)
in the mean absolute and relative testes weights of all treated
males and in the ovary welghts of the females at 30 and 60 ppm.

Gross and microscopic examination revealed no dose=-related effects. 4
Histological examination revealed no findings in the brain, testes or i
ovary to account for the observed changes in the weights of these }
~organsg. Measurements on ChE were not performed. Based on decreased
testes weight, the LOAEL for thizsgéyﬂy was 10 ppm (1.5 mg/kg/day).
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* Tggeris and Underwood (1978)$invustigated the toxiclity of methyl !
parathion (94.32% a.i.) in beagle doga fed the pesticide for 90 days
at dose lavels of 0, 0.3, 1.0 or 3.0 mg/kg/day. Four dogs (4-~months,
old, 4.5 to 8.0 kg) of both sexes were used at each dose lavel. Soft
stools were observed in all treatment groups throughout, and there
was also occasional spontaneous vomdting. There warea no persistent
significant (p <0.05) effects on body weight gain, feed intake,
fasting blood sugar, BUN, SGPT, SGOT, hematological, or urological
indices. Organ weights were within normal limits, with the exception
of pituitary weights of famales at 3.9 mg/kg, which were significantl
{p <0.05) higher than the control values. Gross and microscopic
examination revealed no compound-related abnormalities. Plasma ChE
was significantly (p <0.05) depressed in both sexes at 6 and 13 weeks
at 3 mg/kg/day, and in the males only at 1.0 mg/kg/day at 13 weeks;
arythrocyte ChE was also significantly (p <0.03) depressed in all
animals at 6 and 13 weeks at 3 mg/kg/day, and in both sexes at
13 weeks at 1.0 mg/kg/day: brain ChE was significantly (p <0.0%)
depressed in both sexes at 3.0 mg/kg/day. Based on ChE depression,
the NOAEL and LOAEL for this study were identified as 0.3 mg/kg/day
and 1.0 mg/kg/day, respectively.

st p R v

* Anhmed et al. (1981) conducted a 1-year feeding study in beagle dogs.
Methyl parathion (93.6% pure) was administered in the diet at ingested
doge levels of 0, 0.03, 0.1 or 0.3 mg/kg/day. Eight animals of each
sex were included at sach dose level, with no overt digns of toxicity
notaed at any dose. There were no treatment=related changes in food
consumption or body weight. Cholinesterase determinations in plasma,
red blood cells and brain revealed marginal variations, but the
changes were not consistent and were judged by the authors to be
unrelated to dosing. Organ weight determinations showed changes in
both males and females at 0.1 and 0.3 mg/kg/day, but the changes were
neither dose-related nor consistent. It was concluded that thers was
no demonstrable toxicity of methyl parathion fed to the dogs at these
levels. The NOAEL for this study was 0.3 mg/kg/day.

s NCI (1978) conducted a 2-year feeding study of methyl parathion
(purity not specified) in F344 rats {50/sex/dose) at dose levels of
0, 20 or 40 ppm in the diet. Assuming that ? ppm in the diet of rats
correasponds to 0.05 mg/kg/day (Lehman, 1959), this is equivalaent to
dose levels of about 0, 1 or 2 mg/kg/day. Cholinegterase leavels wer:
not measured, but no remarkable clinical signs were noted, and no
significant (p <0.05) changes were observed in mortality, body weight
gross pathology or histopathology. Based on this, a NOAEL of 40 ppn
{2 mg/kg/day) was identified in rats.

o NCI (1978) conducted a chrgnic (105-week) feeding study in B6C3F)

" mice (50/sex/dose). Animsis were initially fed methyl parathion
(94.6% pure) at dose levels of 62.5 or 125 ppm. Agsuming that 1 ppr
in the diet of mice corresponds to 0.15 mg/kg/day {Lehman, 1952},
this is equivalent to doses of about 9.4 or 18.8 mg/kg/day. Because
of geverely depressed body weight gain in males, their doses were
reduced at 37 weeks to 20 or 50 ppm, and the time=waighted averages
were calculated to be 35 or 77 p?m. This corresponds to doses of
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about 5.2 or 11.5 mg/kg/day, respectively. Females were fed at the
original levels throughout. Mortality was significantly (p <0.05)
increased only in female mice at 125 ppm. Body weighta were lower
{p ¢0.05) for both sexes throughout the test period and Jdecreases
were dose~-relatad. No gross or histopathologic changes were noted,
and ChE activity was not measured. Based o- body weight, thig study
jdentified a LOAEL of 35 ppm (5.2 mg/kg/day, in male mice.

° paly et al. (1984) conductad a chronic feeding study of methyl
parathion (93.65% active ingredient) in Sprague-Dawley {CD} rats
(60/sex/dose) at dose levelsiof 0, 0.5, 5 or S0 ppm in the diet.
Using food intake/body weigh% data given in the study report, these
levels approximate doses of ‘dbout 0, 0.02S, 0.25 or 2.5 mg/kg/day. ;
At 24 months, five animals of each sex were sacrificed for gualitative H
and gquantitative tests for naurotoxicity. Ophthalmoscopic examinations
were conducted on females at 3, 12 and 24 months and terminally.
Hematology, urinalysis and climical chemistry analyses were performed
at 6, 12, 18 and 24 months. Mean body weights were reduced (p £0.05)
throughout the study for both sexes at 50 ppm. At this dose level, |
food consumption was elevated (p <0.05) for males during weeks 2 :
to 13, but reduced for females for most of the study. Hemoglobin,

_nematocrit and RBC count wars significantly (p <0.05) reduced for
females at 50 ppm at 6, 12, 18 and 24 months. For males at 5 and
50 ppm at 24 months, hematocrit and RBC count were significantly
{p <0.05) reduced and hemoglobin was reduced, but not significantly
(p <0.05). At 50 ppm, plasma and erythrocyte ChE were significantly
(p <0.05) depressed for both sexes during the test, and brain ChE was i
gignificantly (p <0.03) decreased at termination., Slight decreases
in ChE activity were also observed in animals at 5 ppm, but these
changes wera not statistically significant (p >0.05). For males, the
absolute weight and the ratiec to brain waight of the testes, kidneys i
and the liver were reduced by 10 to 16% {not significant, P »>0.05%) in }
both the 5= and 50-ppm groups, while for females absolute and organ/body '
weights for the brain and heart (also heart/brain weight) were found 1
to be slevated aignificantrﬁ {p <0.05) at the same dose laevels. Overt
signa of cholinergic toxicity (such as alopecia, abnormal gait and
tremors) were observed in the 30-ppm animals and in one female at
S ppm. At 24 months, 15 femalea were observed to have retinal degen-
aration. There was also a dose-related occurrence of retinal posterior
subcapaular cataracts, posailly related or secondary to the retinal
degeneration, since 5 of the 10 cataracta occurred in rats with retinal
atrophy. The incidence of .retinal atrophy was 20/55 at 50 ppm, 1/60 at
5 ppm, 3/60 at 0.5 ppm and 3/59 in the control group. Examination of
the sciatic nerve and othaer nervous tissue from five rats per sex
killed at waek 106 gava evidence of peripheral neuropathy {apnormal
fibers, myelin corrugation, myelin ovolids) in both sexes at 50 ppm
(p <0.05). Too few fibers were examined at the lower doses to perform
statistical analyses, but the authors stated that nerves from both |
sexes 1n low~ and mid-dogse groups could not be distinguished gqualita-
tively from controls. $lightly greater severity of nerve changes
‘ found in two malaes was not clearly relatad to treatment, HNo other
| - lesions were obgerved that appeared to be related to ingestion of :
' methyl parathion. Baaed on hematology, body weight, organ weights, uﬁgﬁ;? i
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Reproductive Effects

Developmental Effects

-of age) with methyl parathion'(purity not specified) on days 6 to 20

. reduction in maternal weight gain (11% in exposed versus 16% in
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clinical chemistry, retinal deg%naration and cholinergic signa, a
NCAEL of 0.5 ppm (0.025 mg/kg/day) was identified in this study.

Lobdel and Johnston (1964) conducted a three-generation study in
Charles River rats. Each parental dose group included 10 males and
20 females. The investigators incorporated methyl parathion {99% pure)
in the diet of males and females at dose levels of 0, 10 or 30 ppm,
except for reduction of each dose by 50% during the initial 3 weeks
of treatment, to produce dose esquivalents of 0, 1.0 and 3.0 ng/kg/day,
respectively. There was no pattern with respect to stillbirths,
although the 30-ppm groups had a higher total number of stillborn.
Survival was reduced in weanlings of the Pj,, Fjj and F,, groups at
30 ppm, and in weanlings of the F3; group at 10 ppm. At 30 ppm,
there was also a reduction in fertility of the Fj;, dams at the second
mating; the first mating resulted in 100% of the animals having
litters, while at the second mating, only 41% had litters. Anjimals
exposed to 10 ppm methyl parathion did not demonstrate significant
deviations from the controls. A NOAEL of 10 ppm (1.0 mg/kg/day} was
identified in this study.

Daly and Hogan {1982) conducted a two-generation study of methyl
parathion (93.65% pure) toxicity in Sprague-Dawley rats. Each parental
dose group consisted of 15 males and 30 females. The compound was
added to the diet at levels of 0, 0.5, 5.0 or 25 ppm. Using compound
intake data from the study report, equivalent dose levals are about
¢, 3.05, 0.5 or 2.5 mg/ky/day. Feeding of the diet was initiated
14 weeks prior to the first mating and then continued for the remainder
of the study. Reduced body weight (p <0.05) was observed in Fg and
F1 dams at the 25-ppm dose level. & slight decrease in body waight
was noted in F,, and F,, pups in the 25-ppm group, but this was not
significant {(p »0.05}). Overall, the authors concluded that thers wag
no significant (p »0.05) effect attributable to methyl parathion in
the diet. Based on maternal weight gain, the NOAEL for this study
was 5.0 ppm (0.5 mg/kg/day).

Gupta et al. (1985) dosed pregnant Wistar-Furth rats (10 to 12 weeks

of gestation. Two doses werae usaed: 1.0 mg/kg (fed in peanut butter)
or 1.5 mg/kg (administered by gavage in peanut oil). The low dose
produced no effects on maternal weight gain, caused no visible signs
of cholinergic toxicity and did'not result in increaged fetal resorp-
tions. The high dose caused a B.ight but significant (p <0.05)

controls, by day 15) and an increase in late resorptions (25% versus
0%). The high dose also resulted in cholinergic signs {muscle fasicu
lation and tremors) in some dams. Acetylcholesterase (AChE) activity,
choline acetyltransferase (CAT) activity, and quinuclidinyl benzilate
(QNB)} binding to muscarinic receptors were determined in several _
brain regions of fetuses at 1&5@3 14, 21 and 28 days postnatal aga,
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and in maternal brain at day 19 of gestation. Exposure to 1.5 mg/kg
reduced (p <0.05) the AChE and increased CAT activity in all fetal
brain regions at aach developmental period and in the maternal brain.
Expogure to 1.0 mg/kg ¢aused a significant (p <0.05} but smaller and
less pergistent reduction of AChE activity in offspring, but no change
in brain CAT activity. Both doges raduced QNB binding in matarnal
frontal cortex {p <0.05), but did not alter the postnatal pattern of
binding in fetuses. In parallel studies, effects on behavior (cage
emargence, accommodated locomotor activity, operant behavior) were
observad to be impaired in rata exposed prenatally to 1.0 mg/kg, but
not to the 1.5-mg/kg dose§< No morphological changes were cbserved in :
hippocampug or cerebellum.’ It was concluded that subchronic prenatal A
exposure to methyl parath#on altered postnatal development of
cholinergic neurcns and caused subtle alterations in salacted
behaviors of the offspring. The fetotoxic LOAEL for this study was
1.0 mg/kg'.

RO ey

® Gupta et al. (1984) administered oral doses of 1.0 or 1.5 mg/kg/day
of methyl parathicon (purity not specified) to female Wistar-Furth rats
on days 6 through !5 or on days & through 19 of gestation. Protein
aynthesis in brain and other tissues was measured on day 15 or day 19 .
by subcutaneous injection of radicactive valine. The specific activity h
of this valine in the free amino acid pool and protein-~bound pool
{measured 0.5, 1.0 and 2.0 hours after injection) waa significantly
{(p <0.05) reduced in various regions of the maternal brain and in
maternal viscera, placenta and whole embryos (day 13), and in fetal
brain and visceara (day 19). The inhibitory effect of methyl parathion
on protein synthesis was dose dependent, greater on day 192 than on
day 15 of gestation and more pronounced in fetal than in maternal
tisgues., With respect to protein synthesis in both maternal and
fetal tissues, the LOAEL of this study was 1.0 mg/kg.

° Puchg et al. (1976) reported a study in which oral administration of
methyl parathion to pregnant Wistar rats on either days 5 to 3, 11 to

offspring and increased rasorptions at 3 mg/kg. The NOAEL was 1
ng/kqg. )

Mutagenicity

¢ van Bao et al. (1974) examined the lymphocytes from 31 patients exposed
to varicus organophosphate pesticides for indicatidns of chromosome
aberrations. Five of the axamined patients had been exposed to methyl .
parathion. Blood gamples were taken 3 to 6 days after exposure and gh
again at 30 and 180 days. A temporary, but significant (p <0.03)
increasa was found in the fregquency of chromatid breaks and stabls
chromogcme~type aberrations in acutely intoxicated persons. Two of
the methyl parathion=-exposed persons were in this category, having
taken large doses orally in suicide attempts. The authors concluded
that the results of this study strongly suggest that the organic
phosphoric acid estaerg exert dirsct mutagenic effects on chromosomes.

® Shigaeva and Savitskaya (1981) reported that metophos (methyl para- ~§$a?
thion) induced visible morphological mutations and biochemical mutations




Methyl Parathion : August, 19688

-1g=
1Y

pd
i

¥ ;
in Pseudomcnag aerugincga at concentrations between 100 and 1,000 ug/mi,

and significantly (p <0.05) increagsed the reversion rate in Salmonella
typhimurium at concentrations between 5 and 500 ug/ml.

° Grover and Malhi (1985) examined the induction of micronuclei in bone
marrow cells of Wistar mals rats that had been injected with methyl
parathion at doses between one=-third and cne-twelfth of the LDgp.

The increasa in micronuclei formation led the authors to conclude
that methyl parathion has high mutagenic potential.

* Mohn (1973) concluded that methyl parathion was a probable mutagen,
baged on the ability to induce S-methyltryptophan resistancs in .
Escherichia coli. Similar results were cbtained using the streptomycin
resistant system of E. coli and the trp=-conversicn system of Saccharo-
myces cerevisiae.

° Rashid and Mumma (1984) found methyl parathion to be mutagenic to S.

typhimurium gtrain TALO0 after activation with rat liver microsomal
and cytosclic enzymes.

° Chen et al. (1981} investigated sister-chrematid exchanges (SCE) and
cell—cycle delay in Chinese hamstev cells (line V79) and two human
cell lines (Burkitt lymphoma B35M and normal human lymphoid cell
Jeff), and found methyl parathion to be the most active pesticide
of eight tested with respect to its induction potential.

° Riccio et al. {1981) found methyl parathion to be negative in two
yeast assay systems (diploid strains D3 and D7 of Saccharomyces
cerevisiae), based on mitotic recombination (in D3), and mitotic
crossing over, mitotic gene conversion, and reverse mutation (in D7),

® In a study for dominant lethality in mice by Jorgenson et al. (1978},
males (20 per dose group) were given methyl parathion in the diet for
7 weeks at 3 dose levels (not reported). Positive controls given
triethylene melamine and untreated controls were also studied.
Following treatment, each male was mated to 2 adult females waekly
for 8 weeks. Methyl parathion was ineffective in this test.

Carcinogenicity

° NCI (1978) conducted chronic {105-week) feeding studies of methyl
parathion in F344 rats and BECIF; mice (50/sex/dose). Rats were fed
methyl parathion (94.6% pure) at dose leveals of 0, 20 or 40 ppm
(equivalent to doses of 0, 1 or 2rmg/kg/day). Mice were inicially
fed dose levels of 62.5 or 125 ppji, but because of severely depressed
body weight gain in males, their doses wera reduced at 37 weaks to
20 or 50 ppm, respectively. Time-weighted averages for males were
calculated to be 35 or 77 ppm (about 5.2 or 11.5 mg/kg/day). Females
received the original dose level throughout. Based on gross and
histological examinaticns, no tumors were observed to ocour at an

incidence significantly higher than that of the control wvalue in eithef
the mice or rats. The authors concluded that methyl parathion was
not carcinogenic ih either species under the conditions of the test. i

600




i‘nethyl Parathion ' ' ~ August, 1988

=15~

Daly et al. (1984) fed Sprague-Dawley rats (60/sex/dose) methyl
parathion (93.65%) in the diet for 2 years. Doses tested were O,
0.5, 5 or 50 ppm, estimiited as equivalent to doses of 0, 0.025, 0.25
or 2.5 mg/kg/day. Therd were no significant {(p »>0.05) increases in
necplagtic legsions betsiaen treated and control groups.

¥

V. QUANTIFICATION OF TOXICOLOGICAL EFFECTS

Health Advisories (HAs) aro generally determined for one-day, ten-day,
longer~term (up to 7 years) and lifetime exposures if adegquate data
ars available that idantify a sensitive noncarcinogenic and point of toxicity.
The HAs for noncarcinogenic toxicants are derived using the following formula:

HA = (NCAEL or LOAEL) x {BW) =
(UF) = ( L/day)

mg/L {—— ug/L)
wherae:

NOAEL or LCAEL = No- or Lowest-Observed-Adverse-Effact Level
in mg/kg bw/day-

BW = aasumed body weight of a child (10 kg) eor
an adult (70 kg). '

UF = unceriainty faector (10, 100, 1,000 or 10,000},
in accordance with EPA or NAS/0ODW guidelines.

L/day assumed daily water consumption of a child

{1 L/day) or an adult (2 L/day).

One=-day Health Advisory

No data were located in the available literature that were suitable for
deriving a One-day HA value. It is recommended that the Ten-day HA value for
the 10-kg child (0.3 mg/L calculated below) be used at this time as a
conaervative estimate of the Cne—day HA value.

Ten-day Health Advisory

The gstudies by Rider (1969, 1970, 1971) have been selected to serve as
the basis fopr calculation of the Ten-day HA for methyl parathion. In these
studies, human volunteers ingested methyl parathion for 30 days at doses
ranging from 1 to 30 mg/day. The most sensitive indicator of effects was
inhibition of plasma ChE. No effects in any subject were observed at a dose
of 22 mg/day (about 0.31 mg/kg/day with assumed 70-kg body weight), and this
was identified as the NOAEL. Doses of 24 mg/day inhibited ChE activity in
plasma and red blood ¢ells in two of five subjects, maximum decreases being
23 and 24% in plasma and 27 and 55% in red blcod cells. Higher doses (26 to
30 mg/day) caused greater inhibition. On this basis, 24 mg/day (0.34 mg/kg/day)
was identified as the LOAEL. :Short-term toxicity or teratogenicity studies
in animals identified LOAEL values of 1.0 to 2.5 mg/kg/day (Gupta et al.,
1984, 1985; Shtenberg and Dzhunuscva, 1968; Tegeris and Underwood, 1977), but
did not identify a NOAEL value.

(S H
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Using a NOAEL of 0.31 mg/kg/day, the Ten=-day HA for a 10-kg child is
calculated as follows: :

(0.31 mg/kg/day) (19 kg) = 0,31 mg/L (300 ug/L)
(10) (1 L/day), mg/L ( ug/

"
B

Ten~day HA =

where:

0.31 mg/kg/day = NOAEL, based on absence of toxic effects or inhibitien
of ChE in humans exposed orally for 30 days.

10 kg = assumed body weight of a child.

10 = uncertainty factor, chosen in accordance with EPA or
NAS/ODW guidelines for use with a NOAEL from a study

in humans.

1 L/day = assumed datly water consumption of a child.

Longer-term Health Advisory

The 90—day feeding study in dogs by Tegeris and Underwood {1978) has
besn selected to serve as the basis fur calculaticon of the_Longer-term HA
for methyl parathion. In this study, a-NOAEL of 0.3 mg/kg/day was identified,
based on absence of effects on body weight, food consumption, clinical chem-
istry, hematology. urinalysis, organ weights, gross pathology, histopathology
and ChE activity. The LOAEL, based on ChE inhibition, was 1.0 mg/kg/day.
These values are supported by the resulcs of Ahmed et al. (1281), who
identified a NOAEL of 0.3 mg/kg/day in a 1=year feeding gstudy in dogs, and
by the study of Daly and Rinehart (1980), which identified a LOAEL of
1.5 mg/kg/day (based on decreased teates weight) in a S0-day feading study in

mice.

-term HA for a 10=kg child is

Using a NOAEL of 0.3 mg/kg/day. the Longer
calculated as follows:

{0.3 mg/kg/day) (10 kg) = 0,03 mg/L (30 ug/L)

Longer-term HA =
(100} {1 L/day)

where:

0.3 mg/kg/day = NOAEL, based on absence of effects on body weight,
food consumption, clinical chemistry, hematology,
urinalysis, organ weights, gross pathology, histo=
pathology and ChE activity in dogs fed methyl parat

for 90 days.s -

10 kg = assumed body w§ight of a child.

100 = uncertainty fa@tor, chosen in accordance with EFA or
NAS/ODM guideliines for use with a NOAEL from an

animal study.

1 L/day = assumed daily water consumption of a child.
o o)
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Using a NOREL of 0.3 mg/kg/day, the Longer=-term HA for a 70-kg adult is

ﬁy calculated ag follows: ;

Longar-term HA = (0.3 -mg/kg/day) (70 kg) = g, 1¢ L (100 L
98 £100) (2 L/day) mg/L ug/L)

whaera:

0.3 mg/kg/day = NOAEL, based on absence of effects on body weight,
food consumption, clinical chemistry, hematology,
urinalysis, organ weighta, gross pathology, histo-
pathology and ChE activity in dogs fed methyl parathion
for 90 days. )

70 kg = agssumed body weight of an adult.

100 = uncertainty factor, chosen in accordance with EPA or

NAS/CDW guidelines for use with a NOAEL from an
animal study.

2 L/day = agsumcd daily water consumption by an adult.

1

7 Lifetime Health -Advisory

The Lifetime HA representg that portion of an individual's total exposure
that is attributed to drinking water and is considered protective of noncar=-
cinogenic adverse health effects over a lifetime exposure. The Lifetime Ha
is derived in a three=-step proceas. Step 1 determines the Refarence Dose
{RfD), formerly called the Acceptable Daily Intake (ADI). The RfD is an esti-
mate of a daily exposure to the human population that is likely to be without
appreciable risk of deleterious effects over a lifetime, and is derived from
the NOAEL {or LOAEL), identified from a chronic (or subchronic) study, divided
by an uncertainty factor(s). From the RfD, a Drinking Water Equivalent Level
(DWEL) can be determined (Step 2). A DWEL is a medium-gpecific (i.e., drinking
water) lifetime exposure level, assuming 100% exposure from that medium, at
which adverse, ncncarcinogenic health effects would not be expected to occur.
The DWEL is derived from the multiplication of the RFfD by the assumad body
weight of an adult and divided by the asaumed dajily water consumption of an
adult. The Lifatime HA is determined in Step 3 by factoring in other sources
of expcgure, the relative source contribution (RSC). The RSC from drinking
water is based on actual exposure data or, if data are not available, a
value of 20% is assumed. If the contaminant is classified as a Group A or B
carcinogen, according to the Agency's classification scheme of carcinogenic
potential (U.S. EPA, 1986a), then caution should be exercised in assessing the
risks associated with lifetime exposure to this chemical.

The 2-year feeding studﬁfin rats by Daly et al, (1984) has been selected
to serve as the basis for calculation of the Lifetime HA for methyl parathion.
In this atudy, a NOAEL of 0.025 mg/kg/day was identified, based on the absence

degeneration and cholinergic signs. A LOAEL of 0.25 mg/kg/day was identified,

baged on decreased hemoglobin, red blood cell counts, and hematocrit (males),
changes in organ~to-body weight ratics (males and females) and one cass of

i L

of affects on body weight, otggp weights, hematology, clinical c¢hemiatry, retinal




Methyl Parathion August, 1988

-18=

visible cholinergic signs. There was increased retinal degeneration at i
2.5 mg/kg/day, but this was not greater than control at 0.25 or O.OZSAmgfkg/dap'
This LOAEL value (0.25 mg/kg/day) is lower than most other NOAEL or LOAEL
values reported in other reports. For exampls, NOAEL values of 0.3 to 3.0
mg/kg/day have been reported in chronic studies by Ahmed et al. (1981), NCI

(1978), lobdell and Johnston {1964) and*Daly and Hogan (1982).

Using a NOAEL of 0.025 mg/kg/day, the Lifetime HA for a 70-kg adult is
galculatad as follows: E .

Step 1: Determination of the Reference Ddse (RED)

RED = 10.025 mg/kg/day) = 0.00025 mg/kg/day

(1009

where:

0.025 mg/kg/day = NOAEL, based on absence of cholinergic signs or
other adverse effects in rats exposed to methyl
parathion in the diet for 2 years.

100 = uncertainty factor, chosen in accordance with EFA
or NAS/ODW guidelines for use with a NOAEL from an

animal study.

Step 2: Determination of the Drinking Water Equivalent Level (DWEL)

OWEL = (0.00025 mg/kg/day) (70 kg) = 0,009 mg/L (9 ug/L)
{2 L/day)

where:
0.00025 mg/kg/day = REfD.
70 kg = assumed bodyﬁweight of an adult.
2 L/day = assumed daily water consumption of an adult.

Step 3: Determination of the Lifetime Health Advisory

Lifatime HA = (0.009 mg/L) (20%) = 0.002 mg/L (2 ug/L)

where:
0,009 mg/L = DWEL.

20% = relative source contributiocn from water.

Evaluation of Carcinogenic Potential

* No evidence of carcinogenic activity was detected in either rats or
mice in a 105-week feeding study {NCI, 1978}, ‘

ooy
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¢ Statistically significant (p <0.05) increases in neoplasm fraquency
were not found in a 2-year feeding study in rats (Daly et al., 1984).

* The International Agency for Research on Cancer (IARC) has not
evaluated the carcinogenicity of methyl parathion.

* Applying the criteria described in EPA's guidelines for assessment of
carcinogenic risk (U.S. EZA, 1986a), methyl parathion may ba classified
in Group D: not classiffgd. This category is for substances with
inadequate animal evidence of carcinogenicity.

OTHER CRITERIA, GUIDANCE AND STANDAXDS

® NAS (1977) concluded that data were inadeguate for calculation of an
ADI for methyl parathion. However, using data on parathion, NAS
calculated an ADI for both parathion and methyl parathion of 0.0043
mg/kg/day, using a NOAEL of 0.043 mg/kg/day in humans (Rider et al.,
1969) and an uncertainty factor of 10 (NAS, 1977). From this ADI,
NAS calculated a chronic Suggested-No-Adverse-Response Level (SNARL}
of 0.03 mg/L, based on water consumption of 2 L/day by a 70-kg adult,
and assuming a 20% RSC.

® The U.S. EPA Office of Pesticide Program (EPA/OPP) previously calecu=-
lated a provisional ADI (PADI) of 0.0015 mg/kg/day, based on a NOAEL
of 0.3 mg/kg/day. This is based on the 90~-day dog study by Tageris
and Underwocd (1978) and a 200~fold uncertainty factor. This PADI
has been updated to use a value of 0.0025 mg/kg/day based on a NOAEL
of 0.0250 mg/kg/day in a 2-year rat chronic feeding study and a

100=-fold uncertainty factcr.

° ACGIH (1984) has proposed a time-weighted average threshold limit
value of 0.2 mg/md.

® The National Institute for Occupational Safety and Health has recom-
mended a standard for methyl parathion in air of 0.2 mg/m3 (TDB, 1985).

* The U.S. EPA has eatablished residue tolerances for parathion and
mathyl parathion in or on raw agricultural commodities that range
from 0.1 to 0.5 ppm (CFR, 1985). A tolerance is a derived value
bagsed on residue lavels, toxicity data, food consumption levels,
hazard evaluation and scientific judgment; it ia the legal maximum
concentration of a pesticide in or on a raw agricultural commodity or
other human or animal food (Payntar et al., undated).

¢ The World Health Organization established an ADI of 0.02 mg/kg/day
(Vettorazi and van den Hurk, 1985).

V11, ANALYTICAL METHODS

® Analysis of methyl parathion is by a gas chromatographic (GC) method
applicable to the determ;?ation of certain nitrogen-phosphorus=- —_
containing pesticides in‘water samples (U.S. EPA, 1986b). 1In this 443
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VIII. TREATMENT TECHNOLOGIES

L
¥

20

o

mathod, approximately 1 liter of saﬁple is extracted with methylene
chloride. The extract is concentrated and the compounds are separated
using capillary column GC. Measurement is made using a nitrogen
phosphorus detector. The method detection limit haa not been deter-
mined for methyl parathion, but it is estimated that the detection

limits for analytes included in this method are in the range of 0.1
to 2 ug/L.

‘degradation products, whose environmental toxic impact should be

Available data indicate that granular-activated carbon (GAC) and

reverse osmosis (RO} will effectively remove methyl parathlon from
water.

Whittaker (1980) experimentally determined adsorption isotherms for
methyl parathion and methyl parathion diazinion bi=-sclute solutions.
As expected, the bi-solute solution showed a lesser overall carbon

capacity than that achieved by the application of pure solute solution

Under laboratery conditions, GAC removed 99+% of methyl parathion
(Whittaker et al., 19B2).

Reverse osmosis is a promising treatment method for methyl parathion-
contaminated water. Chian (1975) reported 99.5% removal efficiency
for two types of membrane operating at 600 psig and a flux rate of 8 to
12 gal/ft2/day. Membrane adsorption, however, is a major concern and
must be considered, as breakthrough of methyl parathion would probably
occur once the adsorption potential of the membrane was exhausted.

Oxidation with ozone and chlorine may be possible in the treatment ofi
methyl parathion. 4
Oxidation with 4.5 and 9.5 mg/L ozone reduced the methyl parathion by
%5 vo 99%. The same removal efficiency was achleved with 1 and 2 mg/Lj]
chlorine {(Gabovich and Kurenncy, 1274). 3

Ozonation with 0.32 mg ozone/mg methyl parathion reduced methyl
parathion in drinking water by 90 to 95% {shevchenkc at al., 1982).

Oxidation degradation by either czone or chlorine produces several

evaluated prior to selecting oxidative degradation for treatment of ;
methyl parathion-contaminated water (Shevchenko et al., 1982).

Aeration does not seem to be a practical technique for removing
methyl parathion from potable water (Saunders and Sieber, 1983).
Treatment technologies for the removal of methyl parathion from wate
are available and have been raported to be effective., Howaver,
gelection of individual or combinations of technelogies for methyl
parathion removal from water must be based on a case-by-case techni
gvaluation, and an assessment of the economics inveolved.
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