7290 U-007-307.31

U.S. EPA, IDENTIFICATION AND LISTING OF HAZARDOUS WASTE
UNDER RCRA, SUBTITLE C, SECTION 3001, HEALTH &
ENVIRONMENTAL EFFECTS PROFILES, OFFICE OF SOLID WASTE,
WASHINGTON, DC - (USED AS A REFERENCE IN OU 5 RI

REPORT) ' h

00/00/80

1914.29

USEPA PUBLIC
750

REPORT



.i

dL

n
ironmental

a
=

m
ication an

£
i

.i

3>
O
o
[an
-3 .
c
>
o
<
=

les
0{

Ident

Hazardous Waste
Health and Env

1'
LN

Prof

le C
X A
+

(5
PR 4

Subtit
of

Appendi
Fffec
Vo




007290

TwOE. /o 8d)

BACKGROUND DOCUMENT
RESOURCE CONSERVATION AND RECOVERY ACT

SUBTITLE C - IDENTIFICATION AND LISTING OF HAZARDOUS WASTE

¢

APPENDIX A - HEALTH AND ENVIRONMENTAL EFFECT PROFILES

OCTOBER 30, 1980
rU.S. ENVIRONMENTAL PROTECTION AGENCY

OFFICE OF SOLID WASTE

00000

1941.29



00?290

Preface

These health and environmental effect profiles have
been compiled to support the listing of approxmately 170
of the hﬁzardoqs constituents identified on Appendix VIII
in fﬁe.regulations (40 CFR, Part 261). These profiles are:
also being used to support the listing of hazardous wastes
in Subpart D of Part 261, due to the presence in the
wastes, of these hazardous constituents. Many of these
profiles have been summarized from the water quality criteria
documents'prepared-in support of various prograﬁs under
the Clean Water Act. 1In each case, however, the document
is based on information and references available to the

Agency and which are referenced in each individual document.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny ¢to
ensure its technical accuracy. .
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. , ACETALDEHYDE

Summary

An increased incidence of malignaﬁt neoplasms was reported in
workers in an aldehyde factory. Acetaldehyde was found in
concentration of 1 to 7 mg/m3 but there was no indication.théc
acetaldehyde was the causative factor for the cancers.

ﬁquivacol results were obtained from a number of mutugenicity
assays.

I. INTRODUCTION

Acetaldehyde (CE3COH) is a c¢lear, flammable liquid with a

pungent, fuity odor. It has the following physical/chemical

properties (Hawley, 1977; U.S. EPA, 1976a):

‘ Chemical StrucFure: | CHy - C<:
CAS No.: - 75-07-0
Molecular Formula: - CaH40
Boiling Point: 20.2°C
Melting Point: ‘=123.5°C
Vapor Pressufe: 740 mm (20°C)
Density: 0.7834 at 18°c/4°c
Octanbl/Water

Partition Coefficient: 0.43

Vapor Density: 1.52

Solubility: soluble in water and most
organic solvents

il ' o 000014
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A review of the production range (includes importation) ‘
statistics for acetaldehyde (CAS No. 75-07-0) which was listed in
the finitial TSCA Inventory (1977) has shown that between 1 billion
and 2 billion pounds of this chemical were produced/imported in
1977.%/

AceCaldehydé is used mainly as a éhe&ical intermediate in the
production of paraldehydes, acetic acid, acetic anhydride, and a
vafiety of other chemicals (Hawley, 1977).

II. EXPOSURE

The NIOSH National Occupational Hazard Survey estimates that
2,430 workers are exposed to acetaldehyde anqually (1976).

A. Environmental Fate

The available data do not indicate a potential for persis-

tance and accumulation in the environment. While there is little O
information on the environmental fate of acetaldehyde, the BOD/COD
of 0.72 confirms that acetaldehyde will readily biodegrade
(Verschueren, 1978).

| As to 1its fate in air, aldehydes are expected to photodisso-
clate rapidly and compgtively with their oxidation for a half-life
of 2 to 3 hours. Aldehydes do not persist ian the atmosphere but
the fact that acetaldehyde is a component of vehicle exhaust may be

significant in its contribution to smog (U.S. EPA, 1977b).

- */ This production range information does not include any production/
importation data claimed as confidential by the person(s) report-
ing for the TSCA Inventory, nor does it include any information
which would compromise Confidential Business Information. The

data submitted for the TSCA Inventory, including production range
information, are subject to the limitations contained inm the
Inventory Reporting Regulation (40 CFR 710). : ‘

I~y - 000015
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B. Bioconcentration
‘ Ac‘etaldehyde has an octanol/water partition coefficient
| | ofv0.43 indicating that it is highly hydrophilic and should not
"accumulate (U.S. EPA, 1976). ‘ .
c. Environmental Occurrence
Acetaldehyde is a normal intermediate p;oduct»in the
Fespiration of higher plants; it occurs in traces in ripe fruits
and ma& form in alcoholic beverages after exposure to air. It has
been reported that acetaldehyde is found in lgaf tobacco, ciga-
rette smoke, and automobile and diesel exhaust (U.S. EPA, 1977a).
Acetaldehyde ﬁas been reported.in both finished drinking water
supplies andveffluents froa sewagewfreatment plants in several
locations throughout the U.S. (EPA, 1976b).
III. PHARMACOKINETICS

Acetaldehyde which is the first occurring metabolite of ethanol

.\

in mammals is produced in the liver and is often found in various
tissues after the consumption of alcohol (Obe and Ristow, 1977).
It is an intermediate product in the metabolism of sugars in the
body and hence occurs in traces in blood (EPA, 1977b).
Iv, HEALTH EFFECTS
A. Carcinogenicity
Watanabe and Sugimoto (1956) administered 0.5-5% acetﬁlde-
hyde subcutaﬁeously to rats for a period of 489 to 554 days. Four
of the 14 animals developed spindle cell carc1n§mas at the site of-"
injection.
.

An increased incidence of halignant neoplasms has been observed

in workers at an aldehyde factory who were exposed to acetaldehyde,

". N : | | [-5 . ‘

i
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butyraldehyde, crotonaldehyde, aldél, saeveral alcohols, and longer .
chain aldehydes. Acetaldehyde was found in concencrac{ons of
1-7.mg/m3. 0Of the 220 people employed in this factory, 150 has
béen exposed for more than 20 years. During the period 1967 to
1972, tumors were observed in nine males (all of whom were émokérs).
The tumor 1ncidenees observed in the workers exceeded incidénces of
carcinomas of the oral cavity aad broanchogenic lung cancer expected
in the general population and, for the age group 55-59 years, the
incidence of all cancers in chemical plant workers. There is no
indication that acetaldehyde was the causative factor.in.the excess
incidence.of cancer_(Bi:cersohl, 1974; Bittersohl, 1975).

Acetaldeﬁyde has been found positive in a variety of mutagenicity
tests: siter chromatid exchange in cultured human lymphocytes and
a Chinese hamster (ovary) cell line (Ristow and Obe, 1978; Obe and .

Ristow, 1977); S. typhimirium (Ames Test); (Pol A™) E. coll

(Rosenkranz, 1977); and WP2 uvrA trp~) E. coli (Veghelyi et al.,
1978). It has, however, also been reported negative by other

inovestigators: S. typhimurium, with and without activation (Cotruvo

et al., 1977; Comnonér, 1976; Lauﬁbach et gl.,:1977);'Saccharomyces

cerevisiae test for recombination (Cotruvo et al., 1977); and

Bacillus subtilis repair essay (Laumbach et al., 1977). Thus, of

ten reports of in yitro tests for the mu:agenicity of acetaldehyde,
5 were posit#ie and 5 were negative. Acetaldehyde was also found
to cross-link isolated calf thymus DNA (Ristow and Obe, 1978).

c. Other Toxicity

1. Acute

-6 000017
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table summarizing the acute toxicity of acetaldehyde

A
. in rats and mice 1is found below: " .

Species Dose Route Result Reference

rat 16,000ppm x 4 hrs. ihl lethal Smyth, 1956
rat 4,000ppm x 4 hrs. ~ 1ihl lethal NIOSH, 1977
rat ' 640 mg/kg 8eCu - LDsg ‘ Skog, 1950

rat 20,000ppm x 30 min. ihl LCsp Skog, 1950
rat 1,930 mg/kg . oral LDsg NIOSH, 1977
mouse 560 mg/kg SeCoe LDsg Skog, 1950
mouse 1,232 ng/kg oral LDsg NIOSH, 1977

D. Other Relevant Data
Acegaldehyde is Q mucous membrane irritant in humans
(Verschueren, 1978).
V.  AQUATIC EFFECTS
A. Acute
‘ " The 24-hour median threshold limit (TLm) for acetaldehyde
pinperch is 75 mg/l. The 96-hour TLm in sunfish is 53 mg/1
(Verschueren, 1978).
Vi. EXISTING GUIDELINES
A. Humans
The American Conference of Governmental and Industrial
Hyglenists (ACGIH) has adopted a Threshold Limit Value (TLV) of
100 ppm for acetaldehyde. The OSHA standard in air is a Time

Weighted Average (TWA) of 200 ppm.

SR ‘ 000018
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ensure its technical accuracy.

DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information. including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
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_ ACETONITRILE
‘ © SUMMARY

Depending on the amount absorbed, acetonitrite‘may cause
aisorders in.the central nervous system, liver, kidneys, car-
diovascular system and gastrointestinal system, regardless of
the route of administration. These effects are attributed to
the metabolic release of cyanide from thelacetonitrile’mo(e-.
cule, although the parent molecule itself hay cause these ef--
fects. |

This Hazard Assessment Profile was based LargeL} on in-
formation obtained from NIOSH and its Criteria for a Recom-
mended Standard: Occupational Exposure tobuitriles, (NIOSH,
1978). T

The NIOSH 1972-1974 National Occupational Hazards Survey
estimates that about 26,000 workers are ocdupationatty ex=

' ‘ posed to nitriles.

Major occupational exposures to nitrile occur by inhala-
tion of vapor or aerosols and by skin absorption. Adverse
effects of nitriles are also found from eyé contact.

There is no available evidence toiindicate that acetoni-
trile hasAmutagenic or carcinogenic ;ctivity. Two studies
have reported teratogenic effects in rats.

Unlike the immediate onset of cyanide toxicity, nitrile

poisoning displays a delayed onset of symptoms;
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I. INTRODUCTION

Acetonitrile (CH36N) is a mononitrile and falls into
the saturated aliphatic class of nitriles. It is a colorless
liquid and has a vapor pressure of 73 mm Hg at 20" €. It has
a molecular weight of 41.05 and a specific gravity of 0.786
(NIOSH, 1978). ‘

When heated to decomposition, nitriles emit toxic fumes
containing cyanides (Sax, 1968).

.Acetonitrile was introduced to the comqericat market 1in
1952, and its industrial uses lie in the manufacture of plas-
tiecs, syntﬁetic fibres, elastomers, and solvents. Acetoni-
trile is used as a solvent in the extractive distillation
.that separates olefins from dio{;fins, butadiene from buty-
lene, and isoprene from isopentane.

In 1964, 3.5 mitlion pounds of acetonitrile were con-
sumed industrially.
T Il EXPOSURE
A. Water and Food
Pertinent data were not found in the available lit-
erature,
B. Inhalation
Acetonitrile can be readily absorbed from AraL mu-=
cosa (McKee, et al. 1962; Dalhamn, et al. 1968).

In the workplace, acute poisoning and death have
,

been rep;:;ed following the inhalation of acetonitrile (De-

quidt, et al. 1974). '
Studies have demonstrated that acetonitrile is ab-

sorbed by lung tissue (Dequidt, et al. 1974; Grabois, 1955;

Amdur, 1959).

T | | 2-4 000024
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c. permal

Dermal exposdres tolacetonitrile have caused ad-
verse reactions including death in some . cases (NIOSH, 1978).

Acetonitrile has been reported to have been absorb-
ed through the‘intact skin of rabbits, yielding a dermal
Ldsg of 980 mg/kg (Pozzani, et al. 1959).

III. PHARMACOKINETICS
A. Absorption
Acetonitrile is a component of cigarette smoke and
iig absorbed by the oral tissues (McKee, et al. 1962; Dalhaamn,
et al. 1968).

Humans have been Shoun to absorb acetonitrile di-
rectly through the skin and resgiratory tract (Zeller, et al.
1969; Amdur, 1959; Deduidt, et al., 1974).

B. Distribution

Studies_by McKee, et QL. (1962) and Dalhamn, et al.
(1968) show that acetonitrile from cigarette smoking is re-
tained by the lungs.

Tissue distribution studies indicated that mononi-
trile; (and acetonitfile, in particular) are distributed uni-
formly in the internal organs of humans and that cyanide me-
tabolites are found predominantly in the spleen, stomach and
skin, and to a lesser extent, in the liver, lungs, kidneys,
hearts, brain, muscle, intestines, and testes (Dequidt, et
al. 1974)., |

| Haguencer, et al. (1975 exposed’three’rats to *
2,800 or 25,000 ppm acetonitrile by inhalatiop. At 25,000

ppm, all three rats died after 30 minutes. Chemical analysis

2-§ 000023
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of the organs showed that the mean concentration of ‘

acetonitrile in muscle ‘was 136 pg/100 g of tissue and 2,438

. 4g/100 g of kidney tissue. High acetonitrile excretion or

possible renal blockage were postulated as the causes for thé
high rénal concentration.

Nitriles and theidir metaboiic-prbducts have been de-
tected in urine, blood and tissues (McKee, et al. 1962).

c. Metabol ism

Since human and animal studies report symptoms
characteristics of cyanide po%Soning, it is reasonable tov
assume that a portion of the effects of exposure to acetoni-
trile is due to the release of the cyanide ion'from the par-
ent compound (Zeller, et al. 1969; Amdur, 1959; Pozzani,
1959). '

After absdrpt’ion, nitriles may be metabolized to an ‘
alpha cyanohydrin or to inorganic cyanide, which is oxidized
to thiocyanate and is excreted jn the urine. The C=N group
may be converted into a carboxylic acid derivative and ammon-
ia, or may be incorporated into cyanocobélamine. Ionic'cya-
nide also reacts with carboxyl groups and with disulfides
(McKee, et al. 1962).

Haguenoer, et al (1975) injected white male Wistar
rats with varying levels of acetonitrile ranging froh 600
mg/kg to 2,340 mg/kg. At autopsy, the internal organs‘showed‘
that the combined hydrogen cyanide consisted essentially of

thiocyanates, cyanohydrins and cyanocobalamines.

D Excretion
Acetonitrile is found in the morning urine of cigar-
ette smokers. Concentrations of acetonitrile range from 2.2 ‘
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of the organs showed that tﬁe mean concentration of
acetonitrile in muscle was 136 pg/100 g of tissue a?d 2,438
ug/100 g of kidney tissue. High acetonitrile excretion or
possible renal blockage Qere postulatéd as the causes'for the
high renal concentration. |
| Nitriles and their metabotic-pfoducts have been de-
tected in urine,-blood and tissues (McKee, et al. 1962).

C. Metabolism . .

Since human qnd animal studies report symptoms
characteristics of cyanide poisoéing, it is reasonable to
assume that a portiqn-of the effects of exposure to acetoni-
trile is due to the release of';ﬁe cyanide ion from the par-
ent compound (Zeller, et al. 1?59; Amdﬁr, 1959; Peozzani,
1959).

After absorption, nitriles may be metabolized to an
alpha cyanohydrin or to inorganic cyanidé, which is oxidized
to thiocyanate and is excreted in the urine. The C=N group
may be converted into a carboxylic a?id derivative and ammon-
ia, or may be incorporated into cyanocobalﬁmine. Ioﬁic cya-
nide also reacts with carbofo groups and uitﬁ disulfides
(McKee, et al. 1962).

Haguenoer, et al (1975) injected white male Wistar
rats with varying levels of acetonitrile ranging from 600
mg/kg to 2,340 mg/kg. At autopsy, the internal organs showed
that the combined hydrogen cyan%de consisted essentially of
thiocyanates, cyanohydrins and cyanocobalamines. .
| D. Excretion

Acetonitrile is found in the morning urine of cigar-

ette smokers. Concentrations of acetonitrile range from 2.2
ol . ."w‘;,z! . 000027




pg/100 ml urine for those smoking three cigaretteé per day up ‘
to 20 ug/100 mlL urine for heavy smokers (up to 2.5 packs per
day). The results showed that acetonitrile, once absorbed
into the body, can be excreted unchanged in the urine (McKee,
et al. 1962). |
| Acetonitrile is also excreted ynchéngéd in .exhaled:
air (Haguenoer, et al. 19?55. |
Ig. EFFECTS
A. Carcinogenicity
pborigan, et al. (1976) failed to show significant
carcinogenic effects in a two-year eibosure study conducted
with rats.
B. Mutagenicity
Pertinent data were not found in the available (it~
erature; .
C. Teratogenicity
Intraperitoneal (i.p.) administration of acetoni-
trile to pregnant rats produced fetal malformations (borigan,
e; al. 1976). Schmidt, et al. (1976) have determined skele-
tal abnormalities in rats following i.p. exposure to acetoni-
trile.
D. Otﬁer Reproduc&ive Effects
Pertinent data were not found in the available Llit-
erature.
E. Chronic Toxicity
In an experiment to stimulate chronic occupational

exposure (seven hours per day, five days per week), 30 rats

were exposed to a concentration of 655 ppm acetonitrile for .
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90 days. The rats exhibited brondhial'inftammatioﬁ, desqua—-
matization and hypersecretion of mucus, and hepatic and‘renal
lesions. Monkeys exposed by the same regimen, but ﬁo 350 ppm
acetonitrile for 91 days, experienced bronchitis and moderate
hemorrhagé of the superior and inferior sagittal sinuses of
the brajn (Pozzani, et al. 1959).

Dogs exposed to acetonitrile at é concentrafion of
300 ppm for 91 days showed a reduction in body weight as well:
as a reduction in hemoglobin and hematocrit values (Pozzani,,
et al. 1959).

Monkeys exposed to 660 ppm acetonitrile per day.
showed poor coordinatiop during the second week of expasure
and a monkey exposed to 330 ppm.shoued hyperexcitability
toward the end of the 13th week (Pozzani, et al. 1959),

Thevsqme investigators reported chronic Lbsy

values of 0.85 and 0.95 ml/kg for female rats which i.p. ad-

ministration of acetonitrile.

G. Other Relevant Informagion
bogs exposed with lethal quantities of acetonitrile
(16,000 ppm for four hours) showed blood cyanide levels rang-
ing from 305-433 pg/1001ml_qf blood af;er three hours (Poz-
zZani, et al. 1959)..
V. AQUATIC TOXICIfY
A. Acute
Observed 96-hour LCsg values for the fathead

minnow (Pimephales promelas) are 1020 mg/L in hardwater and

1000 ml/L in softwater (Bringmann, 1976). For bluegills,

(Lepomis macrochirus) and guppies (Lebistes reticulatus), the
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respective 96~-hour values in softwater are 1850 mg/L and 1650 ’

ng/L C(Jones, 1971; Henderson, et al. 1960).
8. Chronic, Plant Effects, and Residue

Pertinent data were not found in the available Lit-
erature,

C. Other Relevant Information

Acetonitrile has been observed to damage the bron-
chial epithelium of fish (Belousov, 1969). This compound,
when added to the aqueous environment of roaches and fil-
berts, disrupted blood circulation and protein metabolism and
induced hyperemia, hemorrhages, and the appearance of small
granules in the heart, brain, liver, and gills of fish. The
hepatic glycogen level decreaseé sharply. CH3CN induced-
death apparently resulted from circulatory disturbances and
n,ecrobiotic changes in the cerebral neurons (Belousov, 1972). ‘

Acetonitrile at a concentration of 100 mgq/l inhib-
ited nitrification in saprophytic organisms (Chekhovskaya,

1966).
VI. EXISTING GUIDELINES
| A. Human )

A federal occupational standard exists for acetoni-
trile and is based on the TLV for workplace exposure pre-
viously adopted by American Conference of Governmental and
Industrial Hygienists. This TLV is 40 ppm (70 mg/m3) and
is an eight-hour TWA.

8. Aquatic )

Pertinent data were not found in the ava{Lable lit-

erature, ' ‘
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to

ensure its technical accuracy.
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‘ | ACETOPHENONE | i

Summary

Acetophencne is present in various fossil fuel processes and products,
particularly coal and petroleurﬁ products. It is used as a flavoring agent’
in products for human consumption and as an inteﬁnediate in organicA
synthetic processes, particularly plastics manufacturing.

No data on the potentia_l for carcinogenic, mutagenic, or terétogenic
effects or on. the chronic toxicity of acetophenoné were found in the
available litera;ture. |

- There are no existing OSHA, NIOSH, or ACGIH standards or guidelines.
Acetophenon_e is a skin irritant and has been shown to cause severe eye irri-

tation in rabbits at microgram quantities. Acetophenone is -highly toxic to

‘ agquatic life

‘ 2-3 A ‘ e
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I. INTRODUCTION
Acetophencne (l-phenylethanone, phenyl methyl ketone, acetyl-

benzene, benzoyl methide, hypnone, C6H5C0CH3? molecular weight 120.15)
is a liquid with a melting point of 20.50C and is slightly soluble in
water., Acetophenone is used to impart a pleasant Jasmine or orange-
blossom-like odor to perfumes, as a catalyst for the polymerization of ole-

fins, and in organic syntheses, especially as a photosynthesizer (Windholz,

1976). Additionally, it is used as a tobacco flavoring, as a solvent or

intermediate in the synthesis of pharmaceuticals, and as a by-product of the
coal processing industry. Acetophenone is present in gasoline exhaust at
less than 0.1 to 0.4 ppm (Verschueren, 1977).

II. EXPOSURE

No data on levels of'acetophenone in food or water or on other
potential (inhalation or dermal) exposures were found in the readily avail-
able literature.

III. PHARMACOKINETICS -

Information on the absorption, distribution, metabolism, or ex-
cretion of acetophenone was not found in the readily available literature,
despite the fact that it is used in pharmaceutical preparations and in
tobacco, perfume, and other products for human comsumption.

Iv. EFFECTS
A. Carcinogenicity, Mutagenicity, Teratogenicity, and Chronic Toxicity

Readily available data are extremely limited. One paper suggests

the possible mutagenicity of acetophencne due to its ability to cause DNA

breakage in bacterial systems following DNA photosensitization (Rahn, et.

al. 1974). Because of the particular sensitivity of the bacterial system

to DNA breakage, this information by itself is insufficient to establish

- acetophenone as a mutagenic agent.
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‘ | There is no additional data readily available on the potential for
carcinogenic, mutagenic, or teratogenic activity by acetophenoné. No data
are available on chronic toxicity.

B. Acute Toxicity

Skin irritaion was observed in the rabbit at 10 mg/24 hrs. using |

the draize procedure and at 515 mg when applied to the skin in the absence'
of the absorbent gauze patch. Severe eye irritation was obtained in the
rabbit following application of 771 ug of acetophenene. The oral LD50 in
rats was $00 mg acetophenone/kg, while the lethal dose following intra-
peritoneal injection in mice was 200 mg/kg (NIOSH, 1978). Acetophenone is a
hypnotic in high concentrations and was used as an anesthetic. in the last
century before less toxic substances were founq (Kirk and Othmer, 1963).

C. Other Relevant Information

. Based upon the retention time in a gas chromatographic/mass spec-

.' : trographj_.c column, veith and Austin (1976)' suggest a potential for bio-
accumulation of acetophenone. There is no additional information available
to verify this situation, however. |

Microbial metabolism of acefophenone as the sole source of carbon
and energy has been demonstrated in pure culture (Cripps, 1975).
V. AQUATIC TOXICITY |

Based upon reported values in the literature, acetophenone has
been shown to be highly toxic to aguatic life, (U.S. EPA, 1979). LCsq

valdes for fathead minnow are reported for the following time periods: 1

hour, greater than 200 mg/l; 24 hours, 200 mg/l; 48 hours, 163 mg/l; 72

hours, 158 mg/1; and 96 hours, 155 mg/1 (U.S. EPA, 1976). .

Acetophenone has been reported to be a major constituent (36 per-

cent) of a weathered bunker fuel. This suggests that it may be present in

. . large quantity following spills of some bunker fuels (Guard, et al. 1975).
AN B " ' 037
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Pa s

Bunker fuels are highly variable form refinery to refinery; thus, a blanket

statement as to percentage composition of acetophenone or other constituents

>

" ecannot be made.

VI. EXISTING GUIDELINES AND STANDARDS

There are no existing guidelines and standards from QSHA, NIOSH,

or ACGIH. Similarily, no ambient water quality standards for acetophenone .

exist.
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DISCLAIMER

. This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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ACETYL CHLORIDE ‘

Summary -

Acetyl chloride is an irritant and a corrosive. Cutaneous exposure
;esults in skin burns, while vapof exposure causes extreme irritation of the
eyes and mucous membranes. Inhalation of two ppm acetyi Ehloride has been
found irritating to humans. Death or permanent injury may result after
short exposures.to small quantities of acetyl chloride. An aquatic toxicity
ratipg has been estimated to rarnge from 10 to 100 ppm.

However, acetyl chloride reacts violently with water. Thus, its half-
life in émbieht water éhould be short and exposure from water should be nil.
The degradation prpducts should likewise pose no exposure problems if the pH

of the water remains stable.

7-3 000042




007290

‘II" ACETYL CHLORIDE
I. INTRODUCTION ‘ .

Acetyl chioride (ethanoyl chloride; CH3COC1; molecular weight, 78.50)
.is a colorless, fuming liquid with a pungent odor, a beoiling point of
'51-52°C, and a melting point of -1129C (Windhelz, 1976). It is used as
an acetylating agent in testing for cholesferol and in the qualitativé.
determination of water in organic liquids. It is miscible with benzene,'
chloroform, ether or glacial acetic acid (Windholz, 1976). In the presence -'j_
of water or alcohol, however, acetyl chloride hfhrolyzes violently to form |
nydrogen chloride and acetic acid. Phosgene fumes, which are highly toxic,
are emitted wﬁen acetyl chloride is heated to decomposition (Sax, 1975).

- The 1975 U.S. annual production of acetyl chloride was approximately
4.56 x 10° grams (SRI, 1576). During transportation, this chemical should
be stored in a cool, well—ventilated place, out of direct sunlight, and away
‘ | - from areas of high fire hazard; it should periodically be inspected (Sa.x,
1975). Acetyl chloride must be protected from waﬁer (Windholz, 1976). |
I1. EXPOSURE 4

Acetyl chloride reacts violently with ‘water (see above). Thus, its
half-life in ambient water should be shott and exposure from water should be
nil. - The degradation pfoducts should likewise pose no exposufe problems if.
the pH of the water remains stable.‘ Internal exposure to acetyl chloride
will most likely occur through inhalation of the vapor, or, on rare occa-
sions, through ingestion. Skin absorption is very unlikely although severe
burns would be expected. '

III. PHARMACOKINETICS

Pertinent data could not be located in the available literature.

it .
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Iv. EFFECTS : ‘

Acetyl chloride is an irritant and a corrosive. Cutaneous exposure
results in skin burns. Vapor exposure causes extreme irritation of the eyes
and mucous membranes (Windholz, 1976). Inhalation of 2 ppm acetyl chloride
was found irritating to humans (Handbook of Organic Industrial Solvents,
1961). Death or permanent injury may resﬁlt'after very short expésures fo
small quantities of acetyl chloride (Sax, 1975).

Because the thicity of acetyl chloride might be expected to pattern
that of its breakdown product hydrogen chloride (HCL), LC , value (the
lowest concentration of a substance in air which has been reported to cause
death in humans or animals) for HCl might be indicative of its toxicity.
This value in humans is 1000 ppm for one minute (Mason, 1974).

Pertinent information could not be located in the available literature
regarding the carcinogenicity, mutagenicity, teratogenicity and chronig‘
toxicity of acetyl chloride.

V. AQUATIC TOXICITY

Acetyl chloride has been shown to be toxic to agquatic organisms in the
ranges of 10 to 100 ppm (Hann and Jensen, 1974). No other information has
been found in the literature.

VI. EXISTING GUIDELINES AND STANDARDS

No standards for acetyl chloride havev been reported. However, a
ceiling limit of 5 ppm has been reported for hydrogen chloride (the most
irratafing hydrolysis product of acetyl chloride) in industrial exposures.

(Mason, 1974).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. . ‘
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SUMMARY -

Acrolein has not been shown to be a carcinogen or cocarcinogen in in-
halation experiments. Acrolein is mutagenic in some assay systems. Ipfor-
mation on teratogenicity is not availablé. " The only reported chrqni‘c effect
~of acrolein in humans 1is irritation of the mucous membranes. Chronic expo-
sure of Syrian golden hamsters to acrolein in the air caused reduced body
weight. gains and inflammation and '}epithelial “ metaplasia in the nasal
cavity. In addition, females had decreased liver weight, increaséd lung
weight, and slight hematologic changes.

Acroiein has been demonstrated to be acutely toxic in freshwater organ-
isms at concentrations of 57 to 160 pg/l. A single mariné fish tes{:ed was
somewhat more resistant with a 48-hour LCSO -of 240 pg/l.  Toxicity to

marine invertebrates was comparable to that of freshwater organisms. .




007290
ACROLEIN _ :
. I. INTRODUCTION : )
. This profile is based on the Ahbient Water Quality Criteria Document
| for Acrolein (U.S. EPA, 1979). , ‘

Acrolein (2-propenal; CH,=CHCHO; molecular weight 56.07) is a flamm-
able liquid withva pungent odor. It has the following physical and chemical
properties (Weast, 1975; Standen, 1967): | ‘

Melting Point -86.950C
Boiling Point Range . 52.5 - 53.50C
Vapor Pressure 215mm Hg.at 20°C
Solubility . Water: 210.8 percent by welght
at 20°cC
_ Density : 0.8410 at 20°C
Production (Worldwide) 59 kilotons (Hess, et al. 1978)
Capacity (Worldwide) 102 kilotens/year

Capacity (United States) 47.6 kilotons/year

Acrolein is used as a biocide, crosslinking agent, and tissue fix-
ative. It is used as an intermediate throughout the chemical industry.
‘ The fate of acrolein in water was observed in r-\atural channel waters
(Bowmer.and Higgins, 1976). No equilibrium was reached between dissipating
" acrolein and degradation products, with the dissipating reaction apparently
being continued to completion. Degradation and evaporation appear to be the
majdf pathways for loss, while a smaller amount is lost through absorption
and uptake in aquatic' organisms and- sediments (Bowmer and Sainty, 1977;
Hopkins and Hattrup, 1974).
II. EXPOSURE
There is no available évidence that acrolein is a contaminant of pot-
able water or water supplies (U.S. EPA, 1979).
Acrolein is a common component of food. It is commonly geoeréted

during cooking or other processing, and is sometimes produced as an unwanted
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by-product in the fermentation of alcoholic beverages (Izard and Libermann,.
1978; Kishi; et al. 1975; Hrdlicka and Kuca, 1965; Boyd, et al. 1965;
Rosenthaler and Vegezzi, 1955). However, the data are insufficient to
develop a conclusive measure of acrolein'exposure from food processing or
cooking. o

The U.S. EPA (1979) has estimated the weighted average bioconcentration
factor for acrolein to be 790 for the edible portions of fish and shellfish
consumed by Americans. This estimate is based on measured steady-state bio- '
concentration studies in bluegills. ;

Atmospheric acrolein is generated as a combustion product of fuels and
of cellulosic materials (e.g., wood and cigarettes), as an intermediate in
atmospheric oxidation of propylene, and as a component of the volatiles pro-
duced by heating organic substrates (U.S. EPA, 1979). Acrolein is—present
in urban smog; average concentrations of 0_.012 - 0.018 mg acrolein/m3 and‘
peak concentrations of 0.030 - 0.032 mg acrolein/m3 were noted in the air
of Los Angeles (Renzetti and Bryan, 1961; Altshuller and McPherson, 1963).
Diesel exhaust emissions contained 12.4 mg acrolein/mS; trace amount$ of
acrolein were present in samﬁles taken from an area of traffic; and mno acro-
lein was detected in ambient air from an open field (sensitivity of measure-
ment was below one par‘;: per million) (Bellar and Sigsby, 1970). Acroiein
content of smoke from tobacco and marijuana cigarettes ranged from 85 to 145
ug/cigarette (Hoffman, et al; 1975; Horton and Guerin, 1974). Acrolein was

detected at levels of 2.5 - 20 mg/m3 at 15 cm above the surface of pota-

toes or onions cooking in edible oil (Kishi, et al. 1975).

. I‘
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III. HARMACOKINETICS |

‘ : A. Absorption :

) Total respiratory tract retention of -acrolein in ‘anesthetized dogs
was 77 to 86 percent (Egle, 1972).
8. Distribution _
Pertinent data were not found in the available literature.
C. Metabolism
‘ ‘Relatively little direct information is available on the metabolism
61’ acfolein. I_nv&rg, acrolein can serve as a substrate for alcohol dehy-
drbgenases from human and horse liver (Pietruszko, et al. 1973). In vivo
studies in rats indicate that a portidn of subcutaneously administered acro-
Kaye, 1973). Acrolein undergoes both spontaneous and enzymati‘cally cata-
lyzed conjugation with gluﬁafhione (Boyland and Chasseaud, 1967; Esterbauer,
' ‘ et al. 1975). The low pH's encountered in the upper'portions of t;he gastro-
| intestinal tract probably would rapidly convert acrolein to saturated alco-
hol compounds (primarily beta propionaldehyde) (U.S. EPA, 1979). As several
of the toxic effects 'df‘ acrolein afe' related to the} high reactivity of the
carbon-carbon double bond, saturation of that bond should result in detoxi—
fication (U.S. EPA, 1979). | |
0. Excretion
| In rats given single subcutaneous injections of acrolein, 10.5 per-
cent of the administered dose was recovered in the urine as 3-hydroxy-

propylmercapturic acid after 24 hours (Kaye and Young, 1972; Kaye, 1973).
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1v. EFFECTS ’ | . ‘
A. Carcinogenicity
One-year and lifespan inhalation studies with hamsters indicate
that acrolein is not a carcinogen or cocarcinogen (Feron and Kruysse, 1977;
National Cancer Institute, 1979).
B. Mutagenicity
Both positive and negative results have been obtained in muta-
genicity assays. Acrolein induced sex-linked mutations in Drosophila
melanogaster (Rapoport, 1948) and was mutagenic for DNA polymerase-deficient

Escherichia coli (Bilimoria, 1975) and Salmonella typhimurium (Bignami, et

al. 1977). Mﬁtagenic activity was not detected in the dominant lethal assay
in ICR/Ha Swiss mice (Epstein, et al. 1972) or in a strain of E. coli used
for detecting forward and reverse mutations (with or without microsomal
activation) (Ellenberger and Mohn, 1976; 1977). Acrolein was weakly muta-‘

genic for Saccharomyces cerevisiae (Izard, 1973).

C. Teratogenicity
Pertinent data were not found in the available literature.
C. Other Reproductive Effects

3

Exposure of male and female rats to 1.3 mg/m~ acrolein vapor for

26 days did not have a significant effect on the number of pregnant animals
or the number and mean weight of fetuses (Bouley, et al. 1976).
E. Chronic Effects
Little information is available oﬁ the chroniﬁ effects of acrolein
on humans. An abstract of a Russian study indicates that occupational expo-
sure to acrolein (0.8 to 8.2 mg/mB), methylmercaptan (0.003 .to 5.6
mg/m3), methylmercaptopropionaldehyde (0.1 to 6.0 mg/m3), formaidehyde

%), and acetaldehyde (0.48 to 22 mg/m3) is associated

\.

(0.05 to 8.1 mg/m
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with irritation of the mucous membranes. This effect is most fréquent in -
women working for less than one and greater than seven years- (Kantemirova,
1975). Acrolein is knmown to produce irritation of the eyes and nose (Albin
1962; Pattlé and Cullumbine, 1956; Sim and Pattle, 1957) and is thought to
be respoﬁéib_le, at least in part, for the irritant proberties of
photochemical smog (Altshuller, 1978; Schuck and Renzetti, 1960) and
cigarette smoke (Weber-Tschopp, et al. 1976a; 1976b; 1977). '

In the only published chronic toxicity study on acrolein in animals
(Feron and Kruysse, 1977), male and female Syrian golde? hamsters were ex-
posed to acrolein at 9.2 mg/m3 in air, seven hours per day; five days per
week, for 52 weeks. Ouring the first week only, animals evidenced ~signs,of
eyé irritation, salivated, had nasal discharge, and were vefy restless.
During the exposure period, both males and females had reduced body weight
gains compared to control groups. Survival rate was unaffected. Slight
hematplogical changes, increased hemoglobin content and packed cell volume,
decreases in liver weight' (-16 percent), and increases in lung weights (432
percent) occurred only in females. In both sexes, the only pathological
changes in the respiratory tract wers inflammation and epithelial metaplasia
in the nasﬁl cavity. '

| In a study of subacute oral exposure, acrolein was added to the
drinking water of ﬁ\ale and female rats at 5 to 200 mg acrolein/l for S0 days
(Newell, 1958). No hematologic, organ-weight, or pathologic changes could
be attributed to acrolein ingestion.

F. Other Relevant Infométion
Acrolein is highly reactive with thiol groups. Cysteine and other

compounds containing thiol groups antagonize the toxic effects of ac.rolein

; 000053
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(Tillian, et al. 1976; Low,' et al. 1977; Sprince, et al. 1978; Munsch, e‘
al. 1973:1974; Whitehouse and Beck, 1975). Ascorbic acid also antagonizes
the toxic effects of acrolein (Sprince, et al. 1978)..

The effects of acrolein, on the adrenocortical response of rats
gnlike those of DOT and parathion, are not inhibited by pretreatment with
phenobarbital and are only partially inhibited by dexamethason ~(Szo§ and
Murphy, 1970). Pretreatment of rats with acrolein significantly prbloﬁgs
hexobarbital and pentobarbital sleeping time (Jaeger and Murphy, 1973).

V. AQUATIC TOXICITY
A. Acute Toxicity

A rélatively narrow range of acute toxicity to six species of
freshwater fish has been reported for acrolein (U;S, EPA, 1979). LC50
~ values ranged from 61 to 160 ug/l with fathead minnows, (Pimephales
- promelas), being most sensitive and largemouth bass, (Micropterus

salmoides), the most resistant of the species ‘tested. Results from 7 stati'
bioassays varying from 24 to 96 hours in duration were reported. The fresh-

water invertebrate Daphnia magna was as sensitive to acrolein as freshwater

fish with 48-hour static LC50 values of 59 and 80 wg/l being reporfed in

two individual studies. The longnose killifish, (Fandulus similis), was the

only marine species tested for acute toxicity of acrolein; a 48-hour flow-
. through LCgqy of 150 pg/l was obtained. The eastern oyster, (Crassostrea

virginica), and adult brown shrimp, (Penacus aztecus), were the most sensi-

tive species tested an EC50 value of 55 pg/l based on 50% decrease in
shell growth of oysters and an EC50 value of 100 based on loss of equi-
librium of brown shrimp (Butler, 1965). Adult barnacles were more resistant

in static assays with 48-hour LC50 values of 1,600 and 2,100 pg/l being

\'
.

reported.
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B. Chronic Toxicity

In a chronic life cyclé test with the freshwater fathead minnow,

Pimephales promelas, survival of newly hatched second generation fry was

reduced significantly at 42 but not 11 pg/l, leading to a chronic value of
21.8 pg/1l (Macek, et al. 1976). A comparable value of ‘24 pg/l was abtained

from reduced survi?al of three generations of Daphhia magna. Chronic data

for marine organisms was not available.
C. Plant Effects
Pertinent data relating the phytotoxicity of freshwater marine
plants could not be located in the availablevliterature.
D. Residues
A bioconcentiation factor of 344 was obtained for radio labeled

acrolein administered to bluegills, (Lepomis macrochivas). A biological

half-life greater than seQen days was indicated (U.S. EPA. 1979).
VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived by the U.S.
EPA (1979), which are summarized bélow; have gdne through the process of
public review; therefore, there is a possibility tﬁat these criteria will be
changed. |

A. Human »

Based on the use of subacute toxicological data for rats (no
obéeivablé effect level of 1.56 mg/kg body weightf and an uncertainty factor
of 1000, the U.S. EPA (1979) has derived a draft criterion of &. Sd pg/1 for
acrolein in ambient water. This draft criterion level corresponds to the
calculated (U.S. EPA, 1979) acceptable daily intake of 109 ug. .

The ACGIH (1977) time-weighted average TLV for acrolein is 0.1 ppm .

(0.25 mg/m3). The same value is recommended by OSHA (39 FR 23540). This

KT
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standard wés designed to "minimize, but not -entirely prevent, irritation to

all exposed individuals" (ACGIH, 1974).

The FDA permits acrolein as a slime-control substance in the manu-
facture of paper and paperboard for usage in food packaging (27 FR 46) and
in the treatment of food starch (28 FR 2676) at not more than 0.6 percent
acrolein. ' |

B. Aquatic

The draft criterion for protecting freshwater organisms is 1.2 wg/l

as a 24-hour average not to exceed 2.7 pg/l. For marine life, the draft

criterion has been proposed as 0.88 yg/l, not to exceed 2.0 pg/l.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the

adverse health and environmental impacts presented by the

subject chemical. This document has undergone scrutiny to’

ensure its technical accuracy.
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SPECIAL NOTATION .

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
aérylonitrile and has found sufficient evidence to indicate

that this compound is carcinogenic.



ACRYLONITRILE

Summary ' -

Acr')lloniirile is the most extensively produced aliphatic nitrile and
ranks 45th on the list of high-volume chemicals produced in the U.S. Chron-
ic ‘expcsure to acrylonitrile produces mild liver damage and functipnal dis=-
orders of the central nervous system, cardiovascular and hemopoietic sys-
tems. Acrylonitrile has shown mutagenic activity in Dmsohhila and bacter-
ia. This compound is teratogenic in rats whether exposure is by inhalation
or ingestion in drinking water. There are both animal and epidemiologic
data to suggest that acrylonitrile may be a human carcinogen.

The fathead mimow has an observed 96-hour LC:50 value ranging from

10,100 to 18,100 pg/l depending on test condition and a 30-day LC50 value

of 2,600 pg/l. Far the freshwater invertebrate, Daphnia magna, a reported
48-hour LC50 value is 7,550 pg/l with no adverse effects to concentrations‘
as high as 3,600 pg/l in a life cycle test. A saltwater fish has an abserv-
ed 96-hour I.C50 of 24,500 ug/l. A bluegill in a 28-day study bioconcen-
trated acrylonitrile 48-fold with a half-life of 4-7 days.
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ACRYLONITRILE
I. INTRODUCTION .

This profiie is based on the Ambieht Water Quality Criteria Document
for Acrylonitrile (U.S. EPA, 1979).

Acrylonitrile (CH2=CHCN) is an explosive, flammable l;quid having a
normal boiling point of 77°C and a vapor pressure of 80 mm Hg (20°C).
Currently, 1.6 billion pounds per year of acrylonitrile are manufacﬁured in
the United States. The major use of acrylonitrile is in the manufacture of
copolymeré for the produ;tion of acrylic and modacrylic fibefs. Acryloni-
trile has been used as a fumigant; however; all U.S. registrations for this
use were voluntarily withdrawn as of August 8, 1978 (U.S. EPA, 1979).

I1. EXPOSURE o
A. Water
while no data on monitoring of water supplies for the presence of
acrylonitrile were found in the literatﬁre, potential problems may exist.
Possible sources of acrylonitrile in the aqueous environment are:  (a) dump-.
ing of chemical wastes, (b) leaching of wastes from industrial landf;lls,
(c) leaching of monomers from polymeric acrylonitrile, and (d) precipitation
from rain. Acrylonitrile is short-lived in the aqueous enyifonheht{ a 10
ppm solution was completely degraded éfter 6.days in Mississippi River water
(Midwest Research Institute, 1977). |
B. Food
There is no data oh the levels of acrylonitrile in food.. Howevér,
acrylonitrile may contaminate food by leaching of the monomer from polyacry-
lonitrile containers (National Resourébs Defense Council, 1976). The U.S.

EPA (1979) has estimated the weighted average bioconcentration factor’ for

— |
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acfjlohitrile to be 110 for the edible portiops of fish and shellfish. con-

sumed by Americans. This estimate is based on steady-state bioconcentration

studies in bluegills.

C. Inhalation

NIOSH (1978) estimated that 125,000 workers are exposed to acrylo-

nitrile each year. Acrylonitrile may. be liberated to the atmosphere via ‘

industrial processes or by the burning of polyacrylonitrile fiber (Monsanto,'

1973). Data could ndt be found in the available literature regarding the
concentrations of acrylonitrile in ambient air. ’
III. PHARMACOKINETICS

A. Absorption

When orally administered to rats, eSsentially all of the acryloni-
trile is absorbed (Young, et al. 1977).

B. Distribution

In rabbits, after administration of a 30 mg/kg dose, acrylonitrile
rapidly disappeared from the blood; only 1 mg/kg remained after 4 hours
(Hashimoto and Kanai, 1965). 1In rats the metabolites of acrylonitrile dis-
tributed to the stomach wall, erythrocytes, ;kin, and liver (Young, et al.
1977).

cC. Metaboiism '

Earlier reports (Giacosa, 1883; Meurice, 1900) indicated that most
aliphatic‘nitriles are metabolized to cyanide-which is then detoxified to
thiocyanate. A more recent report concluded that aérylonitrile exerts its
toxicity by tﬁe metabolic release of cyanide ion, and that the relative abi-
lity of various species to convert ON” to SCN™ determined their suscep-
tibility to the toxic action of acrylonitrile (Brieger, et al. 1952). Other

facts, however, suggest that acrylonitrile toxicity is due in part to the

4 . 000067
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acrylbnitrile molecule itself or other «unknown metabolite(s) rather than
just to the cyanide functional group (U.S. EPA, 1979). In a ctomprehensive
tfacer study with rats Young, et al. (1577) found three uncharacterized
metabolites aé well as CO2 after acrylonitrile administration. Also, cya-
noethylated mercapturic acid conjugates have been detected afﬁer administra-
tion of acrylonitrile (U.S. EPA, 1979).

D. Excretion '

Urinary excretion of thiocyanate after acrylonitrile administration
ranges from 4-33 percent of the administered doéetdebendiné on the species
(U.S. EPA, 19;9). Urinary excretion also depehds on route of administration
(Gut, et al. 1955).

IV. EFFECTS
A. Carcinogenicity

In two studies rats received acrylonitrile in the drinking water at
concentrations of O, 35, 100 and 300 mg/1l, which i§ equivalent to daily.dos-
ageé of approximately 4, 10, 30 mg/kg body weight respectively, excess mam-
mary tumors and tumors of the ear camal and nervous system were noted (Nor-
ris, 1977; Quast, et al. 1977). Both the intermediate and the highest doses
produced increased tumor incidences. In rats administered acryionitrile in
olive o0il by stomach tube at 5 mg/kg body weight 3 times per week for 52
weeks, a slight enhancement of the incidence of mammary tumors, forestomach
papillomas and acanthomas, skin carcinomas, and encephalic tumors has been
feported (Maltoni, et al. 1977). Also, exposure of rats by inhalation (40,
20, 10; and 5 ppm for 4 hours daily, 5 times/week) for 52 weeks caused in-
creases in tumor iﬁcidence (Maltoni, et al. 1977). It should be pointed out
that possible impurities found in the acrylonitrile used by variou§ inv;sti-
gators might determine the carcinogenic effect. The specific role of these

impurities has mot yet been determined (U.S. EPA, 1579).

R < e 0.00068
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Retrospective studie§ on workers in a textile fiber plant (O'Berg,
1977) and on workers in the polymerization recovery and laboratory areas cf
a B.F. Goodrich plant (Monson, 1977) have shown higher than expected inci-
| der;ges of cancers of all sites in workers exposed to acrylonitrile. Tre
greatest increase was noted with lung cancer. It should be noted that these
workers were exposed to other chemicals in their working environment.

B. Mutagenicity

Acrylcnitrile is a weak mutagen’in Droscohila melancgaster (Benes
and Sram, 1969); although toxicity limited this testing. Milvy and Wolff
(1977) reported mutagenic activity for acrylonitrile in Salmonella typhimur-

ium with a mammalian liver-activating system. In Escherichia coli mutagenic
activity was observed withqut an aétivating system (venitt, et al. 1977).
C. Teratogenicity
Studies in pregnant rats demonstrated that acrylonitrile adminis-
tered by gavage at 65 mg/kg/day caused fetal malformations (Murray, et al.
1976). These malformations included acaudea, short-tail, short trunk, miss-
ing vertebrae, and right-sided acrtic arch. In a subsequent study, Murray,
et al. (1978) concluded tﬁat in pregnant rats exposed to 0, 40, or 80 ppm of
acrylonitrile by inhalation, teratogenic effects in the of fspring were seen
at 80 ppm but not 40 ppm. Significant maternal toxicity was found at botn
80 and 40 ppm, as well as in the previous study at 65 mg/kg/day.
0. Other Reproductive Effects
Pregnant rats receiving 500 ppm acrylonitrile in their drinking
water showed reduced pup survival, possibly due to a maternal to;icity

(Beliles and Mueller, 1577).
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E. Chronic Toxicity _ A
Knoblock, et al. (1972) observed a perceptible change in peripheral
blood pattern, functional disorders in the respiratory and cardiovasculaf
systems, and‘the excretory system, as well as signs of neuronal lesions in
the central nervous system of rats and rabbits breathing acrylonitrile (50

3

mg/m” air) for 6 months. Babanov, et al. (1972) reported that.inhalatioh

of écrylonitrile vapor (0.495 mg/m3, 5 hours/day, 6 days/week) for 6

months resulted in central nervous system disorders, increased erythrocyte

count, and decreased leukocyte count in rats. Workers exposed for long per-
iods of time to acrylonltrlle have subJectlve complaints including headache,
fatlgue, nausea and weakness, as well as clinical symptoms of anemia, jaun-
dlCE, conjunctivitis and abnormal values of specific gravity of whole blood,
blood serum and cholinesterase valueé, urobilinogen, bilirubin, urinary pro-
tein and sugar (Sakarai and Kusimoto, 1972). In another study, functional
disorders of the central nervous system, cardiovascular and hemopoietic sys-

tems were noted (Shustov and Mavrina, 1975). Sakarai and Kasumoto (1972)

-concluded that acrylonitrile exposures at levels of 5-20 ppm caused mild

liver injury and probably a cumulative general toxic effect.
F. Other Relevant Information
HCN and CD were -found to enhance acrylonitrile toxicity in experi?
mental animals (Yamamoto, 1976) as well as in workers engaged in acryloni-
trile production (Ostrovskaya, et al. 1976).
V. Aguatic Toxicity

A. Acute Toxicity

The 96-hour LCSO values of fathead minnows (Pimephales promelas)
were 10,100 and 18,100 pg/l for flow-through and static tests, respectively,
and 14,300 and 18,100 pg/l for hard. (330 mg/l) and sof& (29 mg/l) waters,
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respectively (Henderson, et al. 1961). A reported 48-hour LCgy for Daph-
nia magna is 7,550 wg/l (U.S. EPA, 1978). The saltwater-pinfish (Lagodon
" rhomboides) has an observed 96-hour LCgy value of 24,500 pg/l in a static
concentration unmeasured test (Daugherty and Garrett, 1951).

B. Chronic Toxicity

Daphnia magna has been exposed for 'its life cycle and the results

indicate no adverse effects at concentrations as high as 3,600 ug/l (U.S.
EPA, 1978). Henderson, et al. (1561) observed a 30-day LC50 value of
2,600 pg/l with Pimephales promelas (fathead minnows). No chronic test data -
are available for saltwater species. |

C. Plant Effects —

Pertinent data could not be located in the available literature on

the sensitivity of planfs to acrylonitrile.

D. Residues

In the only reported study, the bluegill (Lepomis macrochirus) was‘

exposed for 28 days and the determined whole bedy bioconcentration factor
was 48, with a half-life between 4~7 days (U.S. EPA, 1578).
VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aqﬁatic criteria derived by U.S. EPA
(1979), which are summarized below, haQe gone through the process of public
review; therefore, there is a possibility that these criteria will be
changed.

A. Human

The American Conference of Govermmental Industriél Hygienists

threshold limit value (TLV) (ACGIM, 1974) for acrylonitrile is 20 ppm. In
January, 1978, the Occupational.Safety.and Health Administration (OSHAf an- .

nounced an emergency temporary standard for acrylonitrile cf 2 ppm averaged

e _ | y
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over an eight-hour period. Based on rat data (Norris, 1977; Quast, et al.
1977; Maltoni, et al. 1977), and using the "one-hif“ model, - the U.S. EPA

(1979) nhas estimated levels of acrylonitrile in ambient water which will re-

sult in‘specified risk levels of human cancer:

Exposure Assumptions Risk Levels and Corresponding Draft-Criteria
(per day)
| 0 10-7 10-¢ 105
2 liters of drinking water 0.008 x 0.08 x 0.8 x
and consumption of 18.7 ‘ 10-4 ng/l 1074 ng/1  10-4 ng/1
grams of fish and shellfish. N
Consumption of fish and 0.016 x .0.16 x 1.6 x
shellfish only.. 10-4 ng/1 10-4 ng/1  10-4 ng/1
8. Aguatic

For acrylonitrile, the draft criterion to protect freshwater aquat-
ic life is 130 ug/l}as a 24-hour average, and the concentration should not
exceed 300 pg/l at ény time. To protect saltwater species, the draft éri-.
terion is 130 pg/l as a 24-hour average, with the concentration not to exceed

290 ug/l at any time (U.S. EPA, 1979).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. :
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'SPECIAL NOTATION

A

U.S. EPA's Carcinogen'Assessment.Group (CAG) has evaluated

aldrin and has found sufficient evidence to indicate that

this compound is carcinégenic.
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ALDRIN . .

Summary

Aldrin is a man-made compound beleonging to ﬁhe group of cyclodiene in-
.secticides. The chronic toxicity of low doses of aldrin include shortened
lifespan, liver changes, and teratogenic effects. The induction of ‘hepato-
cellular carcinoma in both male and female mice from the administfatién of‘
aldrin leads to the conclusion that it is likely to be a human carcinogen.

. Aldrin has mot been found mutagénic in several tést systems although it did
induce unscheduled ONA synthesis in human fibroblasts. - The World Health
Organization acceptable daily intake level for aldrin is 0.1 ug/kg/day.

Aldrin is rapidly converted to dielcrin by a number of fresh and salt-
water ‘sb'ecies. The overall toxicity of aldrin is similar to dieldrin. The
S6-hour LCSO values for freshwater fish vai'y from 2.2 to 37 pg/l with i
vertebrates being one order of magnitude less sensitive. Both marine fb
and plants wgre susceptible to levels of aldrin corresponding to those of

freshwater fish.
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ALDRIN
I. INTRODUCTION )

This profile is based on the Ambient Water Qualify Criteria Document
for Aldrin and Dieldrin (U.S. EPA, 1979a).

Aldrin is a white crystalline substance with a melting point of
104°%C. It is soluble in organic solvénts. The chemical name for aldrin
is 1,2,3,a,lO,lO—hexathoro-l,4,4a,5,8,Ba-hexahydro-l,A,:S,B-exo-dimethanoe
Haphthalene. Aldrin is biologically altered in the environment to dieldrin,
a more stable and egqually toxic form. For infommation concerning dieldrin
refer to the dieldrin hazard profile or the draft Ambient Water Quality Cri-
teria Document for Aldrin and Dieldrin (U.S. EPA, 1979a,b).

Aldrin was primarily used as a broad spectrum insecticide until 1974
when the U.S. EPA restricted its use to termite control by direct soil in-
jection, and non-food seed and plant treatment (U.S. EPA, 1979a). From 1966
to 1970 the use of'aldrin in the United States dropped from 9.5 x lO3 to

> tons (U.S. EFA, l979é). This decrease in use has been attri-

. 5.25 x 10
buted primari;y to increased insect resistance to aldrin and to development
cf substitute materi;ls. Although the production 6f aldrin in ﬁhe United
States is restricted, formulated products containing aldrin are imported
from Europe (U.S. EPA, 1979a).
II. EXPOSURE
A. Wwater

Aldrin has been applied to vast areas of agricultural land,'and

aguatic areas in the United States and in most parts of the world. As a

result, this pesticide is found in most fresh and marine waters (U.S. EPA,

1979a). Levels of aldrin, ranmging from 15 to 18 ng/l or as high as 407 ng/l

-l ‘
s : :
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have been found in waters of the United States (U.S. EPA, 1576; Leichten-
berg, et al. 1970). The half-life of aldrin in water one meter in depth has
been estimated to be 10.1 days (MacKay and Wolkoff, 1973).

B. Food
The estimated daily dietary intake of aldrin in 16 to 19 year old

males was estimated to be 0.00l mg in 1965 and only a trace amount in 1570 -

(Natl. Acad. Sci., 1975).

No direct measured bioconcentration factor for aldrin can be ob-
tained because it is rapidly converted to dieldrin by aquatic organisms
(U.S. EPA, 1979a). The U.S. EPA (1979a) has estimated the weighted average
bioconcentration factor of aidrin at 32. This estimate is based on the
octanol/water partition coefficient fof-aldrin.

C. Inhalation |

Aldrin enters the aif through various mechanisms such as spraying,
wind action, water evaporation, and adhesion to particles (U.S. EPA, 1979a).
Ambient air levels of'a ng/m3 of aldrin have been reported (Stanley, et
al. 1971).

0. Demmal

Cermal exposure to aldrin is limited to workers employed during
its manufacture and use as a pesticide. Wolfe, et al. (1972) reported that
exposure in workers is mainly through dermal absorption rather than inhala-
tion. The ban on the manufacture of aldrin in the United States has greatly
reduced the risk of exposure.

III. PHARMACOKINETICS
A. Absorption

Pertinent data could not be located in the available lité}ature

concerning the absorption of aldrin (U.S. EPA, 1979a).

- - 000081
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B. Distribution
The distribution of aldrin in humans or animals has not been ex-
tensively studied because aldrin is readily converted to dieldrin in vivo
via epoxidation (U.S. EPA, 1979a). For example, the blood plasma levels of
aldrin were lower'than the corresponding blood plasma levels of dieldrin in
six workers just after chronic exposure to aldrin for five_weeks (Mick, et
al. 1971). |
C. - Metabolism
The epoxidation of aldrin to dieldrin. has been reported in many .
organisms including man (U.S. EPA, 1979a). The reaction is NADPH-dependent
and the enzymes are heat-labile (Wong and Terriere, 1965). The metabolic
products of aldrin include dieldrin, as well as aldrin diol, and polar meta-

bolites excreted in the urine and feces (U.S. EPA, 1979a).

/
4

D. Excretion

Aldrin is excreted mainly in the feces ahd to sdme extent in the

urine in the fbnn of several polar metabolites (U.S. EPA,.1979a). Ludwig,

et al. (1964) reported nine times as much radioactivity in the feces as in

the urine of rats chronically administered l“C-alcirin. A saturation level

was reached in these animals and concentrations of radioactivity in the body -
decreased rapidly when feediﬁg was terminated.

Specific values for the half-life of aldrin in humans were not
found in the available literature. However, in humans exposed to aldrin
and/or dieldrin the half-life of dieldrin in the blood was estimated to be
266 days (Jager, 1970). In anqther_study with 12 volunteers ingesting vari-
ous doses of dieldrin, Hunter, et al. (1969) estimated the average dieldrin

half-life to be 369 days.

[ 4
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IV. EFFECTS
A. Carcinogenicity ' .
Aldrin has induced liver tumors in males and females in-varioué
strains of mice according to reports of four separate feeding studies (Davis

and Fitzhugh, 1962; Davis, 1965; 43 FR 2450; Song and Harville, 1964). Fc-

cording to reports of five studies in two different strains of rats, aldrin

failed to induce a statistically significant carcinogenic response  at all
but one site (Deictmann, et al. 1967, 1570; Fitzhugh, et al. 1964; Cleve-
land, 1966; 43 FR 2450). _ .

The only Iinformation concerning the carcinogenic potential of

aldrin in man is an occupational study by Versteeg and Jager (1973). The

workers had been employéd in a plant producing aidrin and dieldrin with a -

mean exposure time of 6.6 years. An average time of 7.4 years had elapsed
since thc end of exposure. No permanent adverse effects including cancer
were observed.
B. Mutagenicity
Aldrin was found not to be mutagenic in two bacterial assays (S.
typhimurium and E. coli) with metabolic activation (Shirasu, et al. 1977).
Aldrin did, however, produce unscheduled ONA synthesis in human fibroblasts
with and without metabolic activation (Ahmed, et al. 1977).
C. Teratogenicity
Aldrin administered in single oral doses to pregnant hamsters
caused significant increases in hamster fetal death and increased fetal ano-
malies (i.e., open eye, webbed foot, cleft palate, and others). When a sim-
ilar study was done in mice at lower dcces, teratogenic effects were also
observed, although these effects were less pronounced (Ottolenghi, eE al.

197a).
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0. Other Reproductive Effects _

Deichmann (1972) reported that aldrin and dieldrin (?5 mg/kg diet)
fed to mice for six generations affected fertility, gestation, viability,
lactation and survival of the young;

E. Chronic Toxicity |

The other effects produced by chronic administratiqn of aldrin to
mice, rats, and dogs include shortenedvlifespan, ihcreased liver to body
weigﬁf ratioé; various changes in liver histology, and the induction of
hepatic enzymes (U.S. EPA, 1979a). ' _ .

F. Other Relevant Information

Since aldrin and dieldrin are metabolized by way of hixed function
oxidase (MFO), any inducer or inhibifor of the MFO enzymes should affect the
metabolism of aldrin and dieldrin (U.S. EPA, 1979a). '

When aldrin is administered with DDT, or after a plateau has been
reéched in dogs With chronic COT feeding, the retention of ODT by the blood
and fat increases considerably (Deichmann, et al. 1969). Clark and Krieger
(1976) found that tissueAaccuhulation of 14C-aldrin was significantly in-
creased when an inhibitor of the epo*idation of aldrin t6 dieldrin was admi-
niétered.brior to 14c-aldrin. ‘ |
V.  AQUATIC TOXICITY

A. Acute Toxicity

Aldrin is rapidly comverted to dieldrin in the environment. How-
ever, a number of acute studies haved been done with aldrin, although'the
test concentrations have not been measured aftef the bioassays. Reported

96-hour static LC50 values are as follows: bluegill (Lepomis macrochirus)

4.6 to 15 ug/l (Henderson, et al. 1959; Macek, et al. 1969); rainbow .trout
(Salmo gairdneri) 2.2 to 17.7 ug/l (Macek, et al. 1969; Katz, 1561); and

ki
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fathead minnows (Pimephales promelas) 32 and 37 pg/l (Henderson, et al

1959). Acute toxicity varies greatly in freshwater invertebrates. In bio-

assays in which the aldrin ccncentrations were not measured, the observed

48-hour LC50~value for Dapnnia pulex was 28 ug/l (Sanders and Cope, 1966),
and the observed 96-hour LCSO values ranged from 4,300 to 38,500 ug/l for
scud, Gammarus spp. (Sanders, 1969, 1972; Gaufin, et al. 1965). '

In flow-through‘ exposures to aldrin, the 48 " and 96;hour Lcsﬁ
values for six saltwater fisn species ranged from 2.0 to 7.2 pg/l. Inverte-
brate LC50 values ranged from 0.37 to 33.0 pg/1 (U:S. EPA, 1979a).

B. Chronic Toxicity

No entire cycle or embrzo-larval tests have been reported for any

‘fresh or saltwater species (U.S. EPA, 1979a).

C. Plant Effects
An aldrin concentration of 10,000 pg/l ‘reduced the population
growth in 12 days for water meal, Wolffia papulifera (Worthley aﬁd Schott,.
1971). The productivity of a phytoplankton community was reduced 85 percent
after four hour exposure to 1,000 pg/l aldrin (Butler, 1963).
0. Residues
| No freshwater or saltwater residue studies have been reported for
aldrin (U.S. EPA, 1979a).
VI. EXISTING GUIDELINES AND STANDARDS
Neither the humén health nor_the aquatic criteria derived by U.S. EPA
(1979a), which are summarized below, have gone through the process of public
review; - therefore, there' is a possibility that these criteria will be

changed.
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A.  Human

The current exposure level for aldrin' set by' the 0ccqpational
' Safety and Health Administration is a time-weighted average of 250 ;Jg/m3
for skin abeorption (37 FR 22139). In 1969, the U.S. Public Health Service
Advisory Committee recommended that the drinking water standard for aldrin.
be 17 pg/l (Mrak, 1969). The U.N. Food and Agricultural Organization/World
Health Organization acceptable daily intake for aldrin is 0.1 )Jg/kg/dey
(Mrak, 1969).

The carcinogenicity data of the Natiomal Cancer Institute (1976)

(43 FR 2450) were used to calculate the draft water quality criterion for

aldrin which keeps ‘the lifetime cancer risk for humans .below 10'5. The

"2 ng/1 (U.S. EPA, 1979a).

concentration for aldrin is 4.6 x 10
8. Aquatic
Draft criterion has not been proposed directly for aldrin because

of its rapid conversion to dieldrin (U.S. EPA, 197%a).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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ALLYL ALCOHOL

Summary -

Allyl alcohol is a severe irritant to the mucous membranes at high con-
centrations. Hepatotoxicity has been seen after oral and. inhalation
exposures, however, reéults indicate that this effect may not be
cunulative. Allyl alcohol is also absorbed percutaneously.

Information on the carcinogenic, mutagenic, teratogenic or other repro-
ductive effects of allyl alcohol was not found in theavailable literature.

Data concerning,the effects of allyl alcohol to aquatic organisms were‘

not found in the available literature.
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I.  INTRODUCTION

This profile is based on computerized searches of Toxline, Biosis

~and Chemical Abstracts, and a review of other available appropriate

information sources as available.

Allyl alcchol (molecular weight-58.08) is a limpid ligquid with

pungent odor. It is soluble in water, alcohol and ether, has a tixelt‘.ing'~

point of ~50°C and a boiling point of 96-97% (Sax, 1979).

The major uses of allyl alcohol are in the manufacture of allyl
compounds, war gas, resins, and plasticizers (Wingholz, 1576). Sixty kt.
are used in this-country per year, of whiﬁh 50 kt. are used to manufacture
glycerol (Kirk and Othmer, 1963).

After several years of storage, allyl alcohol polymerizes into a
substance that is soluble in chloroform but not water. Wwhen treated with
ether this substance becomes brittle (Windholz, 1976).

II. EXPOSURE

Pertinent data were not found in the available literature on air
or water expoéure.

Esters of allyl alcohol are used as food flavorings. Natural de-
rivatives of allyl alcohol are widely distributed in vegetable material
(Lake, et al. 1978).

III. PHARMACOKINETICS
A. Absorption and Distribution
Pertinent data were not found in the available literature.
B. Metabolism ‘

it has been suggested that allyl alcochol is completely metabolized

and that acrolein might be an intermediate‘metabolite (Browning, 1965). ‘The

rate of metabolism in rats was found to be ‘about 23 hg/kg/hr. during con-

stant intravenous infusion (Carpanini, et al. 1978). .

aediil 000093
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. : C. Excretion

Allyl élcohol was not found in the urine of animals that had been
dosed subcutaneously or intravenously with the compound (Browning, 1965).
Other pertinent data were not found in the available literature.
IvV. EF?ECTS

A. 'Carcinogenicity, Mutagenicity, Teratogenicity, and Reproductive
Effects S e -

Information on the ctarcinogenic effects of allyl alcohol was not

found in the available literature.
B. Chronic Toxicity '

Lake, et al. (1978) administered allyl alcohol to rats by gastric
intubation. The‘rats were dosed‘daily for 1, 10, Vor 28 days. Liver homo-
genates from treated >animals were analyzed for eniyme activity. Adminis-
tration for one day produced marked periportal necrosis, but repeated ad-
ministration for 10 or 28 days did not seem to increase the damage.

‘ | Allyl alcohol administration in the drinking water at a dos‘e of 72
mg/kg/day caused weight loss, transient pulmonary rales, crustiness of the
eyelids, and local areas of liver necrosis (Browning, 1965). ‘

_Rats exposed to 40, 60, or 100 ppm of allyl alcohol by inhalation
sthed signs of acute mucous membrane irritation, such as gasping and nasal
discharg?. At the 100 ppm dose, the animals died after 10 exposures
(Browning, 1965). No gross toxicity was seen at 5 or 10 ppm, 5 days a week
fdr 13 months in rats, raﬁbits, guinea pigs, and dogs. However, mild
'r}eversib'le degenerative changes 'in the liver and. kidney were seen at the
seven ppm dose. A dose .of 50 ppm was lethal to rats after 30 days

(Torkelson, et al. 1959).
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Carpanini, et al. '(1978) gave rats doses of allyl alcchol 50, 100,
200, or 800 ppm im the drinking water for 15 weeks. Weight loss was seen in
.males given 100, 200, or 800 ppm and females given 800 ppm. Food
consumption valu;as were lower 'tﬁan the controls in males at 200 ppm and 800
pem and females at 800 ppm. A dose-related decrease in water consumption
was seen in all treated animals. Minor changes were seen in ;he li\}er,
kidneys, and lungs of both treated and control groups upon histologicai
examination.

C.  Acute Toxicity ' N

Oral LWgqy's of allyl alcohol have been found to be
64-100 mg/kg for Tats, 96-139 mg/kg for mice, and 52-71 mg/kg for rabbits;
43 .mg/kg was lethal to dogs. Intraperitoneal LDsq’'s were 42 mg/kg for
rats and 60 mg/kg for mice. In rabbits an D¢y of 53-89 mg/kg was found
by percutan- ecus absorption (Carpanini, et al. 1978). Inhalation of 1000
ppm was lethal to rabbits and monkeys after 3 to 4 hours. Erythema of the
conjunctiva and swelling of the coméa are seen in the eye after exposure to

allyl alcohol, however, no permanent damage was noted. Application to the

skin caused only mild erythema. Intravenous injection prcduced a drop in

blood pressure. Injectidn of 40 minims in a 20 percent saline solution
caused fluctuations in the blood preésure, of rabbits resulting in violent
convulsions. Vvomiting, diarrhea, convulsions, apathy, ataxia, lacrimation
and coma are seen after oral administration. Few cases of serious injui‘y
due to inhalation have been reported, however, because concentrations that
would cause severe damage in a short period of time are painful to the eyes
and nose. Five ppm are detectable by irritation and Z ppm by odor
(Browning, 1965). ]

- Moderate air contamination has been found to cause lacrimation,
pain around the eyes and blurred vision in man lasting uo to 48 hours

(Carpanini, et al. 1978). 9 5
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D. Other Relevant Information
Allyl alcohol has an unusual effect on the éentral netvous system
of mice and rats. The effect is seen as apathy, unwillingness to move,
anxiety, énd nd interest in escaping. It is apparently different from nar-.
cosis seen with other agents (Dunlap, et al. 1958).

V. AQUATIC TOXICITY
Pertinent data were not found in the available literature.
vI. EXISTING GUIDELINES

The recommended maximum atmospheric concentration (8 hours) is 2

ppm (Indust. Hyg. Assoc., 1963).
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This report represents a survey of the potential health
and environmental hazards from exposure to the subject chenmi-
cal., The information contained in the report is drawn chiefly
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Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
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ANTIMONY

Summary

The adverse health effects most commonly associated with exposure to
antimony are pulmonary, cardiovascular, dermal, and certain effects on
reproduction, deveiopment, and longevity. Cardiovascular .changes have
been well-established with exposure to antimony ::-md probably represent
the most serious threat to human health. Antimor;y has not been assoc-
iated with carcinogenic effects. The lowest observed effect level for
antimony in the drinking water of rats was 5 ppm. A draft criterion of
145 pg/l has been recommended for antimony in water based on an accep-
table daily intake of antimony from water, fish, and shellfish for man of
294 pg.

Antimony is highly toxic to aquatic organisms at a concentration
ranging f‘rom 19 mg/l to 530 mg/l. Chronic values for antimony in fresh-

water organisms range from 0.8 mg/l to 5.4 mg/l.
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ANTIMONY

I. INTRODUCTION

This profile is based primarily on the Ambient Water Qqali;y Criteria
Document for Antimﬁny (U.S. EPA, 1979). The health hazards of antimony -
and its compounds have also been recently reviewed by the NationalAIns-
titute for Cccupational Safety and Health (NIOSH, 1978).

Antimony (Sb; malecular weight 121.8) is' a silvery, brittle, solid
belonging to group VB of the periodic table and lies between arsenic and
bismuth. It is class;fied as both a metal and a metalloid, and its prin-
cipal oxidation states are'+3 and +5. Antimony has a boiling point of
1366°C and a melting point of 636°C. Most inorganic compounds of an-
timony are either only §lightly water solutle or decompose in aqueous
media.

Antimony reacts with both sulfur and chlorine to form the tri-and
pentavalent sulfides and chlorides. ' Oxidation to antimony trioxide
(stibine), the major commercial oxide of antimony, is achieved under
controlled conditions. '

Consumption of antimony in the United States is on the order of
40,000 metric tons per year (Callaway, 1969), of which half is obtained
from recycled scrap and the balance mainly imported. Use of antimony in
the United States is directed chiefly to the manufacture of ammunition,
storage batteries, matches and fireworks, and in the fire-proofing of

textiles. o e
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II. EXPOSURE
A. Water | -
Schroeder (1966) compiled data from surveys of municipal water
supplies in 94 cities and rebortéd that levels averaged less than 0.2
pg/l in finished water. In a related study, Schroeder and Kraemer (1974)
noted that tap water levels of antimony can-be elevated iﬁ soft water: |
supplies duelto leaching from plumbing. ' | |
S. Food
Because of the wide range of antimony levels in various types of’
foods, it is not possible to accurately estimate an_avefage dietary in-
take. Tanner and Friedman (1977) ~concluded that dietary intake of
antimony is negligible, based’upon trace metal food monitoring data from
the U.S. Food and Drug Administration. However, in earlier studies, cal-
culated average dietary intakes were reported at iOO Mg per day for man

(Schroeder, 1970) and inlthe range of 0.25 to 1.28 mg per day for insti-

tutionalizedvchildreﬁ (Murthy, et al. 1971). 1In one study on antimony
levels in Italiaﬁ diets a mean daiiy value of several micrograms was re-
ported (Clemente, 1976).
C. Inhalation
Antimony is not. genmerally found in ambient air at measurable
concentrations{ National Air Sampling Network data for 1966 showgd pos- -
sibly significant levels at only four urban stations (0.042 to 0.085
pg/m’) (Schroeder, 1970; Woolrich, 1973).
D.. Other Routes
The total body burden of antimony arising froﬁ all environmental
media is apparently very small relative to other trace metals (i.e:,

lead, mercury, cadmium) in the environment. Clemente (1576) publisheg

" |
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1iﬁitea dafa'on fecal and urinary levels of antimor: in selected Italian
populations and concluded that daily intakes were less than 2.0 Hg/day.
In addition, data on the bioconcentration potential of antimd%y in fish
(U.S. EPA, 1978) indicate that no bioaccumulation is likely to occur.
The U.S. EPA (1979) has calculated the weighted average bioconcentration
factor (BCF) for antimony to be 1.4 for the edible portions pf fish and
shellfish consumed by Americans. This estimate was bésed on 25-day bio-
concentration studies in bluegill.

I1I.PHARMACOKINETICS , . »

Absorptidn of antimony in man and animals is mainly via the respir-
atory and gastro-intestinal tracts. The extent of absorption is dependent
on factors such as solubility, particle size, and chemical forms
(Felicetti, et al. 1974a; 1974b). Absorption via the GI tract is of the
order of several percent with antimony trioxide, a relatively insoluble
compound , and presumabiy would be much greater with soluble antimonials.

Blood is the main carrier for antimony, the extent of partition
between blood compartments depending on the valence state of the element
and the animal species studied (Felicetti, et al. 1974a). The rodent ex-
clusively tends to concentrate trivalent antimony for long periods in the
erythrocyte (Djuric, et al. 1962). Whatever the species, it can gener-
ally be said that pentavalent antimony is borne by plasma and trivalent
antimony in the erythrocyte. Clearance of antimony from blood to tissues
is relatively rapid, and this is especially true in the case of paren-
teral administration and the use of pentavalent antimony :(Casals, 1972;
Abdalla and Saif, 1962; El-Bassouri, et al. 1963). |

The tissue distribution and subsequent excretion of antimony is a

function of the valence state.
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In animals, trivalent antimony aerosols lead to highesf levels in the
" lung, skéleton, liver, pelt, and thyrdid while pentavalent aerosols show
a similar distribution, with the exceptioﬁ of slower uptake by the liver
| (Felicetti, et al. 1974a; 1974b; Thomas, et al. 1973). |

| Parenteral administration to animals shows trivalent antimony accumu-
lating in the liver and kidney as well as in pelt and thyroid (Molkhia
and Smith, 1969; Waitz, et al. 1965).

‘ In man, non-occupational or non-therapeutic exposure shows véry low
antimony levels in various tissues with little-evidence of accumulation
(Abdalla and Saif, i962). Chemotherapeutic uée ieads to highest accumu-
lation in liver, thyroid, and heart for trivalent antimony. '

. The biological half-life of'antimony in man and animals is a function
’of route of exposure; chemical - form, and oxidation state. Tﬁe rat
appears to be unigque in demonstrating a long biological half;time owihg
tb antimohy accumulation in the erythraocyte. In aother species, including
man, moderate half-times of the order of days haQe been demonstrated. -

While most soft tissues do not appear to accumulate antimdny, the skin
does show accumulatidn, perhaps because of ifs high content of sulfhydryl
groups. With respect to excretion, injection of trivalent antimony leads
mainly to urinmary excretion in gquinea pigs. and doés; and mainly fecal
i clearance in hamsters, mice and rats. '

Pentavalenf antimony is mainly excreted via the kidney in most
species owing to its higher levels in plasma. |
A Unexposed humans excrete less than 1.0 pg antimony daily via urine,
while occupational or clinical expoéure may result in markedly increased

amounts. ’ . . .

I
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Iv. EFFeCTS
A. Carcinogenicity )

Antimony has not been tested for carcinegenic activity using an
appropriately designed cﬁronic bicassay protocol. Howeve;.', Shroeder
(1970) indicated that the chronic administration of antimony at 5 ppm in
the drinking water of rats, had no apparent tumorigenic effect. However,’
the shortened life span of treated animals (average 106. to 107 cays less
than controls) limits the usefulness of these data. Similar results were
also observed in a study with mice chronically e2p05ed to antimony at S
ppm in the drinking water (Kanisawa and Schroeder, 1969).

A single- epidemiologic investigation has been conducted into the
role of antimony in the development of cccupational luné cancer (Davies,
1973). This retrospective study, which was limited in scope, provided no
definitive information to support. the possible  role of antimony in lung
cancer development. | i '

8. Mutagenicity .

Antimony has not been tested for activity in standard muta-

genicity bioassays. |
c. Teratogenicit'y

Little inf‘ormai;icn is available concerning pos;éible teratogenic
effects of antimony. 1In one study,. Casals (1972) observed no effects,
i.e., no fetal abrormalities, following administration of a solution of
antimony dextran glycoside containing 125 or 250 mg Sb/kg to pregnant
rats on days 8 to 15 of gestation.

D. Other Reproductive Effects .

Aiello (1955) observed a higher rate of premature deliveries’

among female workers engaged in antimony smelting and processing. In

7 000105
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addition, dysmenorrhea was frequently ﬁeported among women workers.
Similarly, Belyaeva (1967) reported that a greater inciderice of gyneco-
logical disorders was found among antimony smelter workers than in a con-
trol groub (77.5 percent vs. 56 percent; significance unknown). Spon-

taneous late abortions occurred in 12 percent of the exposed females com-

pared to 4.1 bercent_among controls. Average 'urine levels of antimony -

for exposed workers, however, were extremely high, ranging from 2.1 to:

2.9 mé/lOO ml. Antimony was also found in breast milk (3.3+ 2 mg/10),
placental tissue (3.2 to 12.6 mg/100 mg), amhiotic fluid (6.2 to 2.8
mg/100 mg), and umbilical cord blood (6.3 + 3 mg/100 mi). - '

In studies with rats exposed either to. antimony dust (Sd mg/kg,
i.p..) or to antimohy trioxide dust (250 mg/m3, 4 hours per day for 1.5
to 2 months), Belyaeva (1967) reported increased reproductive failure,
fewer offspring, and damage to the reproductive btissues (ovéry and
uterus). |

E. Chronic Toxicity

The toxic effects of expos&re to antimony have been repeatedly
observed in both humans and experimental rodents. Pulmonary, cardio-
‘vascular, dermal, and certain ef.fects on reproduction, development, and
-longevity are among the health effects most commonly associateg with an-
timony exposure.

Cardiovascular changes have béen well established following ex-
posure to antimony and probably représent the. most serious human health

effects demonstrated thus far (U.S. EPA, 1979). Air concentrations of

-~
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antimony trisulfide exceeding 3 mg/cu m were associa'ted with the induc-

tion of altered £CG patterns and some deaths attributed to myocardial

damage amorg certain antimony warkers (8rieger, et al. 1954). Also, in

parallel. studies on animals, Brieger and coworkers (1954) observed ECG
alterations in rats and rabbits exposed to antimony in air at levels of
3.1 to 5.6 mg/ms, 7 hours/day, 5 days/week for at least 6 weeks. ,

Gross and coworkers . (1955) presented evidence for growth refardation -
occurring when rats were chronically fed diets containin'g two percent
antimony trioxide. Other investigators (Schroed‘er, et al. 1970; Kénisawa
and Schroeder, 1969) reported that oral exposurs to 5 ppm of antimony in
drinking water had no_'effect on the rate of growth of either rats or
mice. However, the 5 ppm exposure leQel was effective in producing
slight but significant lifespan shortening in both rats and mice, and
altered blood chemistries in exposed rats. Therefore, the Sppm exposure
level has been considered the "lowest cbsér?ed effect level" in animals
that likely approximates the "no effect" level for antimony-induced ef-
fecté’ on growth and longeviﬁy.
V. AQUATIC TOXICITY |

A.  Acute Toxicity

The data base for antimony and freshwater organisms is small and

indicates that olants may Eg mare sensitive than fish or invertebrate
species. )
| A 96-hour LCSO of 22,000 pg/l was reported for antimony tfi-
chloride with the fathead minnow, whereas the value for bluegills and
antimony trioxide is above 530,000 pg/l (U.S. EPA, 1979). For Daghnia
magna a 48-hour LCgq value of 15,000 pg/l and a ‘§4~hour ECsy valde of

19,800 Kg/1 have been reported far ahti.mony trichloride. Another 48-hour
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ECsq value for antimony trioxide and Daphnia magna has been reported to

be above 530,000 ug/l (U.S. EPA, 1979). ' ;
B. Chronic Toxicity
'No adverse effects on the fathead minnow were observed during an
embryo-larval test'with antimony trioxide at the highest test concen-
tration of‘ 7.5 pg/l (U.S. EPA, 1978). However, a comparable test with

antimony trichloride produced limits of 1,100 and 2,300 ug/l for -a

chronic va;ue of 800 pg/l. A life cycle test with Daphnia magna and an-
timony trichloride produced limits of 4,200 and. 7,000 pg/l for a chronic
value of 5,400 pg/l (U.S. EPA, 1979). Pertinent information' could not be
located in the aQailable literature regarding chronic effects of antimony
on saltwater organisms.
C. Plants Effects
The 96-hour ECg,y values for chlorophyll a inhibition and re-

duction in cell number of the freshwater alga, Selenastrum caporicornutum

are 610 and 630 pg/l, respectively. This indicates that aquatic plants
may bé more sensitive than fish or invertebrate species (U.S. EPA,
1978). No inhibition of chlorophyll a reduction or in cell  numbers of

the marine alga, Skeletonema costatum, were observed at concentrations as

high as 4,200 g/l (U.S.‘ EPA, 1978).
D. Residues ) ‘ .

There was no bioconcentration of antimony by the bluegill above
control concentrations during a 28 da'y exposure to antimony. No data
have been reported on bioconcentration of antimony in marine soecies.

VI EXISTING GUIDELINES AND STANDARDS

‘Neither the human health nor aquatic criteria derived by U.S. EPA

(1979), which are summarized below, have gone through the process of

Sebe s | a5 000108
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public review; therefore, there is a pessibility that these criteria may

be changed.
A. Human

Egisting occupational standards for exposure to antimony are
reviewed in the recently released NIOSH criteria document, Occupational
Exposure to~Aﬁtimony (U.S. Department of Heélth, Education and Welfére,
1978). As stated in the NIOSH (1978) document, the American Conference
of Govermmental Industrial Hygienists (ACGIH), in 1977, listed the TLV
for antimony  as 0.5 mg/m3 along wifh a notice* of intended change to a
proposed'TLY of 2.0 mg/m3 for soluble'antimony salts. The proposed TLV
was based mainly on the reports of "Taylor (1966) and Cordasco (1974) on
accidental poisoning by antimony trich;qride and pentachloride, respec-
tively. Proposed limits of O.S'mg/m3 for handling and use of .antimony

3 for antimony trioxide production were included

trioxide and 0.05 mg/m
in the ACGIH (1977) notice of intended changes.

The Occupatidnal Safety and Health Administration earlier adopted the
1968 ACGIH TLV for antimony of 0.5 mg/m3 as the Federal standard (29
CFR 1910.1000). This limit is consistent with limits adopted by many
other countries as described in Occupational Exposure Limits for Airborne
Toxic Substamces - A tabular Compilation of values from Selected Coun-
tries, a publication released by the International Labour 0Office in
1977. The NIOSH (1978) document also presented table of exposure limits

from several countries, reproduced here as Table l; the typical

standard adopted was 0.5 mg/m3.

00109
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TABLE 1 |

HYGIENIC STANDARDS OF SEVERAL COUNTRIES FOR
ANTIMONY AND COMPOUNDS IN THE WORKING ENVIRONMENT

Country Standard Qualifications
(mg/m>)
Finland 0.5 Not stated

Federal Republic of Germany 0.5 8-hour TWA

Democratic Republic of Germany 0.5 Not stated

Rumania : 0.5 Not stated ,

USSR Q.5 © For antimony dust ‘
0.3 For fluorides and

chlorides (tri-and

pentavalent); obli-

gatory contrel of HF

and HCl
1.0 For trivalent oxides
and sulfides
1.0 For pentavalent
" oxides and sulfides
Sweden 0.5 Not stated
USA 0.5 .
8-hour TWA
- Yugoslavia A Q.5 Not stated
Modified from Occupational Exposure Limits in Airborne Toxic Sub-

stances, International Labour Office.

The 0.5 mg/m3 level was also recommended as the United States occupa-
tional exposure standard by the NIOSH (1978) criteria document, basedv
mainly on estimated no-effect levels for cardiotoxic and pulmonary ef-
feets. A

Based upon the data presented in the Ambient Water Quality Criteria
Document for Antimony (U.S. EPA, 1579), a recommended draft criterion of
145 pg/l has been established. 'This value is baéed upon an acceptable
daily intake for man of 294 ug, derived from experimental‘animal studies
in which 5 ppm of antimony produced a slight shortening of lifespan with
no other deserved effects. An uncertainty factor of 100 was used in ex-

trapolating from animal data to human health effects.

-2 . .
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8. Aguatic
' The draft criterion for Antimeony to profect freshwater aquatic ‘
1life as derived using the Guidelines is 120 pg/l as a 24 hour average and

the concentration should not exceed 1,000 wg/l at any time.

A saltwater criterior was not derived (U.S. EPA, 1979)
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents,
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
arsenic and has found sufficient evidence to indicate that

this compound is carcinogenic.
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L ARSENIC
SUMMARY ; ) ‘
Epidemiological studies have shown increased death rates
from lung. cancer in workers exposed to arsenic, probably
through'inhalation. Other human studies have shown increased
skin cancers in non-occupationally exposed populations. " In-
creased incidence of lymphomas and hemangioendotheliomas.are
also occasionally reported.

Arsenicals have produced mutagenic effects in plants,
bacteria, in vitro leukocyte cultures, and in the lymphoéyées
of-exposed humans. The teratogenic effects of arsenicals
have been demonstratéd in many animal species. An increased
frequency of abortions in pregnant women exposed to arsenic '
has been reported in a single study (U.S. EPA, 1979). '

The chronic toxic effects of arsenic involve skin hyper- .
keratosis, liver damage, neurological disturbances (inciudihg
hearing léss), and a gangrenous condition of the extremities
(Blackfoot disease). An increased mortality from cardiovas--
cular disease resulting from.gﬁronic arsenic exposure has
been suggested in two studies.

The data base for the toxicity of aréenic to équatic or-
ganisms is more complete for freshwater orgénisms, where con- ‘
céntrations as low as 128 ug/l have been acutely toxic to |

freshwater fish. A single marine species produced an acute

value in excess of 8,000 ug/l. Based on one chronic life

. cycle test using Daphnia magna, a chronic value for arsenice

was estimated at 853 ug/l.

\'
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ARSENIC
I. INTRODUCTION A

This profile is based on the Ambient Water Quaiity Cri-
gefia Document for Arsenic (T.s. EPA, 1979).

Arsenic is a gray; ﬁrystalline metalloid with a molecu-
lar weight of 74.92, a density of 5,727, a melting point (at
28 atmospberes)'of 817°C, and a boi;ing point (subiimates) of 
613°C (Weast, 1975). Arsenic exists in a vafie£y of'vélence
states; tﬁe most common forms include pentavalent (#rsenéte),~
trivalent.(arsenite), and =3 Qalency (arslne). Properties of
some inorganic arsenic éompounds'afe shown in Table 1.

Conditions of low pH, low oxidation-reduction potential,

and low dissolved okygen in water favor formation of the

lower valency states (arsenite and arsine); more basic, oxy-

- genated waters favor the presence of arsenate. Inorganic

arsenic can be coﬁverted to organic alkyl-arsenic acids and
to methylated arsines under both aerobic and anaerobic condi-
tions (U.S. EPA, 1979).

Arsenic ahd its compounds are used in the manufacture of
glaés, cloth, and electrical_semicondgctors,‘as.fungicides
and wood preservatiQes, as growth stimulants for plants and
animals, and in veterinary applﬁcations (v.S. EPA;'1976).

Production is currently 1.8 x 104 metric tons per yearv
(U.S. EPA, 1979). v

Arsenic will persist in some form in the environment.
Inorganic aréenate is thermodyn#mically favored under normgl

conditions over arsenite in water and is a more soluble form

. {Ferguson and Gavis, 1972). Both arsenate and arsenite may

be precipitated from water by adsorption onto iron and alum-

.10
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Table 1.

Properties of Some Inorganic Arsenic Compounds
(Standen, 1967; U.S. EPA, 1976)

Compound

Formula

Water Solubility

Specific Properties

Arsenic trioxide

Arsenic pentox ide

Arsenic hydride
Arsenic(III)'sulfide

Arsenic sulfide

Arsenic(V) sulfide

A8203

A5205

AS"J
As456

~AS484

As4810

12 x 100 pg/1 @ o°c
21 x 106 pg/1 @ 25°C .

2300 x 106 ug/1 @ 20°C

20 m1/100 g cold water

520 ug/1 € 18°C

1400 pg/1 @ 0°C

Dissolves in water to form
arsenious acid (H3As073:
K = 8 x 10-10 @ 25°C)

Dissolves In water to form
arsenic acid (H3As04:K; = 2.5
Ko = 5.6 x 10'8;

K3 = 3 x 10713)

This compound and its methyl
derivatives are considered to
be the most toxlic.

Burns in air forming arsenic
trioxide and sulfur dioxide;
occurs naturally as orpiment.

Occurs naturally as realgar.
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inum\Qbmpﬁunds (u.s. EPA, 1979). Methylated. arsines appear
to be volatile and‘sparingly’soluble., Waters containing high
organic matter may bind arsenic compounds to colloidal humic
matter (U.S. EPA, 19795. |
II. EXPOSURE

Arsenic appears to be ubiquitous in ‘the envifonment.
The earth's crust contains an averagé arsenic-concéntration
- of 5 mg/kg (U.S. EPA, 1976).  The major sources of érsenid in
the ehvirgnment are industriél, such as those in the smeltiﬁg;
of non-ferrous éres ana'in coal~-fired power;pléhts that uti-
lize fuel cbntéining arsenic. Substantial arsenic contamiha;
tion of water can occur from the improper usé‘of a;senical |
pesticides (U.S. EPA, 1979).

Based on available monitoring data, the U.S. EPA (1979)

has estimated the uptake of arsenic by adult humans from air,

water, and food:

Source - ' : mg/da
' Maximum Conditions Minimum Conditions
Atmosphere - .125 - 001
Water - 4.9 ' . 0.002
Food Supply ' .9 .007
Total 5.925 ‘ .010

Contaminaged well water, séafood, and air near smelting
plants all present Qources of high potential arsenic intake.

The U.S. EPA (1979) has estimated the weighted average
bioconcentration factor (BCF) for arsenic to be 2.3 in the
edible portions of fish and shellfish consumed by Americans.&

This estimate was based on bioconcentration studies in fresh-

water fish.

o | 000121 -
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III. PHABMACOKINETICS

A, Absorption i

The main routes by which arsenic can enter the body
are inhalation and ingestion. Parﬁicle size and solubility
greatlylinfluence the biological fate of inhaled arsenic.
Falk and Kotin (1961) have reported that the optimal range of
particle size for deposition in the lower tracheobronchial
t?ee is 0.1 to 2 u. Larger particles are trapped by the
mucous membranes of the nose and throat and swallowed;
following this, the particles may be absq;bed from the
gastrointestinal tract (U.S. EPA, 1979).

Human inhalation studies in terminal lung cancer
patients (Holland, et al. 1959) have indicated that 4.8 to
8.8 percent of inhaled arsenic~74 in cigarette smoke may be
absorbed. Radioactive arsenite inhaled in an aerosol solu-
tion by two patients‘showed 32 and 62 percent absorption, re-
spectively. Pinto, et al. (1976) studied arsenic excretion
in 24 workers éxposed to the compound during copper smelting;
urinary arsenic levels were found to correlate significantly
with average airborne arsenic concentrations.

Water Soluble érsenica;s are readily absorbed through
the gastrointestinal tract. Stﬁdies with radicactive arse-
nate administered orally to rats have shown 70 to 90 perceni
absorption frém the gastrointestinal tract (Urakubo, et al.
1975; Dutkiewicz, 1977). Arsenic trioxide is only slightly
solubie in water and is not well absorbed. Theoretically,*
trivalent arsenicals should be less readily absorbed than

pentavalent forms due to reactivity with membrane components
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and lower solubility (U.S. EPA, 1979). However, investiga-
tors have reported high absorption of trivalent arsenic from
"the gastrointestinal tract in humans (Bettley and O'sShea,
1975; Crecelius, 1977).

The absorption qf arsenicals following dermal expo-
sure has been described in rats (Dutkiewicz, 1977) and humans
(Robinson, 1975; Garb and Hine, 1977).

Arsenic has been detected in the tissues (Kadowaki,
1960) and cord bloddlof newborns (Kagey, et al. 1977), and
thus transfgrs'across the placenté in humans.

B. Distribution

Injection of radiolabelled arsenite in terminally
111 patients produced widespread distribution of the cémpound
(WHO, 1973). Hunter, et al. (1942) studied the distribution
of radioéctive arsenicals in humans following oral and paren-
teral administration and found arsenié'in the liver, kiéney,
lungs, spleen, and skin during the first 24 hours after ad-
ministration. Levels of arsenic arevmaintained for long per-
iods in bone, hair and nails (Radowaki, 196Q; Liebscher and
Smith, 1968)."

Tissue distribution of pentavalent arsenic has been
described in'only a few animal studies; these studies indi--
cate only minor differences in distributién'between trivalent

and pentavalent arsenicals (WHO, 1973).

0001<3
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cC. Metabolism
Studies with brain tumor patients given injections

of trivalent arsenic indicate that about 60 §ercent_of the

. total urinary arsenic was in the pentavalent state the first

day after. dosing (Mealey, et al., 1959). Braman and Foreback
(1973) have analyzed human urine samples and detected high

amounts of methylated forms (dimethyl arsenic acid and methyl

arsenic acid). Analysis of the urine of one patient who in-

gested arsenic-contaminated wine indicated that 8 percent of
the initial dose was excreted as inorganié arsenic, 50 per-
cent was excreted as dimethyl arsenic acid, and 14 percent
was excreted as methyl arsenic acid (Crecelius, 1977).

A The half-lives of inorganic and organic (methy-
lated) arsenicals in one patient have been reported as 10 and
30 hours, respectively (Crecelius, 1977). |

D. Excretion
Arsenic is excreted primarily in the urine, with
small amounts removed in the feces and through normal hair
loss and skin shedding (U.S. EPA, 1979). Reports of minor
arsenic loss in sweat have also been made (Vellar, 1969).

Small amounts of radiocactive arsenic (.003 to .35

percent) have been detected in expired air following adminis-

tration to rats (Dutkiewicz, 1977) and chickens (Overby and
Fredrickson, 1963).
IV. EFFECTS:

a. Carcinogenicity

Epidemiological studies have shown an increased .

mortality rate from respiratory cancer in workers exposed to

W=1b 000124
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. arsenic during smeltihg operations (Lee and Fraumani, 1969;
Pinto énd Bennett, 1963; Snegireff gﬁd'LombaFd, 1951; Rurat-
sune, et al. 1974). A retrospective study of Dow Chemical
empléfees indicated that workers exposed érimarily to lead
arsenate and calcium arsenate showed increased death rates
from lung cancer and malignant neoplasms. of the lymphatic and
hematopoietic systems (except leukeﬁia) (ott, et al. 1974).

A similar trend was noted in a study of retired
Allied Chemical workers (Baetjer, et al. }975).

Bigh rates of development of skin cancers have been
reported in several studies of populations exposed to high
concentrations of arsenic in drinking water (Geyer, 1898;
Bergogilio, 1964; Tseng, et él. 1968).

Hemangioendothelioma of the liver associated with
' | exposure to arsenicals thfough ingestion has been reported in

several case studies (Roth, 1957; Regelson, et al. 1968).

' Extensive experiments in animal systems with arsen-
icals administered in the diet or drinking water, or applied
tdpically or by intratrscheal instillation failed to show
positive tumorigenic effects (U.S. EPA, 1979). However, two
recent reports have shown effects in animals. Schrauzer and
Ishmael (1974) indicated that feeding of sodium arsenite in.
drinking water accelerated the rate of spontaneous mammary
tumor formation. Osswald and Goerttler (1971) found an
increase in leukemias and lymphomas in mice injected |
rébeatedly with sodium arsenaté.

Animal studies on the skin tumor-promoting or co-
. carcinogenic effects of arsenicals have produced negati§e

results (Raposo, 1928; Baroni, et al. 1963; Boutwell, 1963).

asihlaget
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R. Mutagenicity ' : ‘

An increased incidence of ch:dmosoﬁal’aberrations
has been found in persons exposed to arcsenic occupationally
and medically (Petres, et al. 1970; Noccdenson, et al. 1978;
Burgdorf, et al. 1977).
| In vitro chromosomal changes fqllowinq exposure to
arsenicals have been reported in root meristem cultures -
(Levan, 1945) and in human leukocyte cultures (Petces and
Hundeiker, 1968; Petres, et al. 1970, 1975: Paton and
Allison, 1972).

Afsenate has been found to increase the frequency
of chromosome exchanges in Drosophila. S=2veral organic ar-
senicals have a synergistic effect with ethylmethane sulfon-
ate in producing chromosome abnormalities in bacley (Moutsh-
cen and Degraeve, 1965). .

Sodium arsenate, sodium arsenite, and arseni¢c tri-
chloride produced positive mutagenic effects in a recombinant

strcain of Bacillus subtillus (Wishioka, 1975). Loforth and

Ames (1978) were unable to show mutagenic eiffects of trival-
ent and pentavelent arsenicals in the Ames 3almonella assay.
Arsenite exposure decreased the sucrvival of E. coli aftec UV

damage of cellular NNA (Rossman, et al. 1975).
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c. Teratogenicity _ @@ 7 2 9 @

. : Nordstcom, et al.‘ (1978) ha.ve tepon:ted an inciease l |
in the frequency of spontaneous abortions in pregnant women
‘living in the vicinity of a copper smelting plant; tﬁe expo-
surce envirénment was complex, involving several heavy metals
and sulfur dioxide. |

Sodium afsenate has beeﬁ shown to induce teratogen=-
ic effects in the chick embryo (Ridgway and Karnofsky, 1952),
in golden hamsters (Ferm and Carpentér, 1368;_Fetm, et al.
1971), in mice (Hoed and Bishop, 1972), and rats (Eeaudoin,
1974). Malformations noted included exencephaly, anenceph-
aly, renal ﬁgenesis,;gpnadél agenesis,xeye defects, and rib
and genitourinary abnocrmalities. Sodium arsenite injected
intraperitoneally into mice produced a lower incidence of
malformations than an egquivalent dose of sodium arsenate

’ (Hood and Bishop, 1972:; Hood, et al. 1977). Thacker, et al.
(1977) has noted that a higher oral dosé of sodium arseﬁate
is needed to produce teratogenic effects in mice, when com-
pared to intraperitoneal doses.

Feeding of three generations of mice with low doses
of sodium arsenite in the chow,failed to produce teratogenic
effects, but did decrease iitte: size (Schroeder and Mitch-
ener, 1971).

D. Other Repcoductive Effects

Pertinent information could not be located in the
available literature regarding other repcoductive effects.

E. Chrconic To#icity .

A variety of chronic effects of acrsenic exposuce

' has heen noted. This includes a charactecistic palmac-
&
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élangar hyperkeratosis and a gangrenous condition of the
hands and feet called Blackfoot disease (U.S. EPA, 1979).
Several clinical reports of livef damage in ﬁatients treated
‘with arsenical medication have been published (WHO, 1979).
An increased mortality from cardiovascular disease has been
noted in two epidemiologicallstudies of smelter workers ex-
posed to high airborne arsenic (Lee and Fraumeni, 1969; U.S.i
EPA, 1979). WNeurological disturbances, including hearing
loss, in workers exposed to arsenicals have been reported
(WHO, 1979). )

Effects of arsenicals on the hematopoietic system
following cﬁronic exposure have also been noted (WHO, 1979).
These include disturbed erythropoiesis and granulocytopenia,
which may lead to impaired resistance to viral infections.
V. AQUATIC TOXICITY

A, Acute Toxicity

Seven static and seven flow-through biocassays from
48 to 96~hours in duration provide a range of LCgqy Values
for f:eshwater‘fish of 290 to 150,000 wug/l. Hughes and Davis
(1967) demonstrated the most sensitive species as being blue-

gill fingerlings, Lepomis macrochirus, while Sorenson (1976)

reports that the most resistant species was the green sun-

fish, Lepomis cyaneilus. Both species were tested in static

tests. Sanders and Cope (1966) provided the data for fresh-
water invertebrates in static bioassays. The cladoceran,

Simoceprhalus serrulatus, was the most sensitive with an 48-

hour LCgy value of 812 ug/l, while the stonefly, Ptaron-

arcvs californica, was the most resistant species with an

b
iy
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LCgq value of 22,040 ugsyl. In macine ocganisms, the chum

salmon, Onchorhvnchus keta, had a 48-hour flow-thcough LCSO

value of 8,331 ug/1l (Alderdice and Brett, 1957). Two marine

‘invertebrates were tested in 96 or 48-~hour static-cenewal or

static assays and produced the following LCgg values: bay

scallop, Argopecten irradiana, with 3,490 ug/l; and- the em-

bryos of the American oyster, Crassostrea virginica, with a

value of 4,330 ug/l.
B. Chronic Toxicity
One chronic life cycle freshwater test has provided

a chronic value of 853 ug/1 for acsenic to Daphnia magna.

Pertinent data could not be located in the available litera-
tuce for the chronic toxicity of arsenic to marine organisms.
C. Plant Effects
The lowest effective concentration recocded was 100
pe:cént kill levels of 2,320 wug/l for four species of fresh-
water algae.
D. Residues

Bioconcentcation factors for five Zreshwater inver-

tebrate species and two fish species ranged from less than 1

to 17 (U.S. EPA, 1979).
vI. EXISTING‘GUIDELiNES AND STANDARDS
A.‘ Human
Cciteria for organic and inorganic arsenicals have
been derived. However, due to public comment cuestioning the
relevancy and accucacy of the studies used in the dgvelopmént

of these ccritecia, further review is necessary before final

recommendation.

o '
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The OSHA time-weighted average exposure criterion
for arsenic is 10 ug/m3. i
B. Aquatic
.For arsenic, the draft criterion for freshwater or-
ganisms is 57 ug/l, not to exceed 130 ug/l. For marine or-

ganisms, the dcraft criterion is 29 ug/1l, not to exceed 67

© g/l (U.S. EPA,1%79).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
‘cal., The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
: adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
‘ ensure its technical accuracy. . : :
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated

asbestos and has found sufficient evidence to indicate that

this compound is carcincgenic.
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ASBESTNS

Summary

Numerous studies indicate that asbestos fibers introduced intoc the
pleura,' peritomeum, and trachea of rodents have induced malignant tumors.
The strongest evidence for the carcinogenicity of ingested asbestos is pro-
vided by epidemioldgy of human populations: oi:cupationally expocsed to high.
concentrations of airborme asbestos dust. Inhalation exposure to asbestos
dust is acccmpanied by ingestion because a high percentage of the inhaled
fibers are removed from. the lung by mucociliary action and sﬁbsequently
swallowed. 'Peritohéal mesothelioma, often in great excess, and modest ex-
cesses of stomach esophagus, colonrectal, and kidney cancer have been linked
to occupational exposure to asbestos.

Pertinent data on the acute or chronic effects of ‘asbestos to aquatic

organisms weré not f‘ognd in the available literature.
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- ASBESTOS
I.  INTRODUCTION '

This profile is based primarily upon the Ambient Water éuality Criteria
'Document for Asbestos (U.S. EPA, 1979). In addition, valuable information

is available from recent reviews by the International Agency for Research on

Cancer (IARC, 1977) and the National Institute for Occupational Safety and.

Health (NIOSH, 1977).

Asbestos is a broad term applied to numerous fibrous mineral silicates
composed of silicon, oxygen, hydrogen, and me;al cations such as sodium,
magnesium,-calbium, or iron. There are two major groups of asbestos, ser-
pentine (chrysotile or "white asbestos") and amphibole. Although chrysotile
is considered to be a distinct mineral, there are five fibrous amphiboles:
actinolite, amosite ("brown asbestos"), anthophyllite, crocidolite ("blue
asbestos"), and tremolite.. The chemical compgsition of different asbestos
fibers varies widely, and typical formulas are presented in Table 1. Some
typical physical properties of three differeﬁt mineral forms of aspestos are

presented in Table 2.

TABLE 1
TYPICAL FORMULAS FOR .ASBESTOS FIBERS

1. Serpentines- chrysotile - MgsSio0s(0H)g
2. Amphiboles amosite (Mg,Fe)75ig022(0H) 2 .
crocidolite Na/2(Mg,Fe)5SigNon(0H) 2
Aanthophyllite (Mg,Fe)75ig022(0H)2 -
tremolite CapMgsSig0o2(0H)2 ’
actinolite Cap(Mg,Fe)sSigdo2(0H) 2
il 000140
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TABLE 2.

TYPICAL PHYSICAL PROPERTIES OF CHRYSOTILE (WHITE ASBESTOS),
CROCIDOLITE (BLUE ASBESTOS), AND AMOSITE

Units '~ Chrysotile Crocidolite Amosite
(white asbestos) (blue asbestos)

Approximate .
- diameter of micron . 0.01 0.08 0.1

smallest fibers

Specific - 2.55 337 3.5
gravity ' : )

Average '
tensile : 1b./inch?2 3.5 x 105 . 5x 105 - 1.75 x 105

strength

Modulus of 1b./inch2 23.5 x 106 27.0 x 106 23.5 x 106
elasticity

Asbestos minerals, despite a relafively high fusion tempefature, . are
completely decomposed at' temperatures of 1,d00°c. Both the dehydroxyla-
tion temperature and decomposition temperature increésé with increased MgO
content among the various amphibole sbecies (Speil and Leineweber, 1969).

The solubility product constants for various chrysotile fibers range
from 1.0 x 1074 to 3 x 10712, 'Most materials have a negative surface
charge in 'aqueous systems. However, ‘since chrysotile has a positive (+)
charge, it will attract, or be attracted to, most dispersed méterials. The
highly reactive 5urfacg of asbestos causes many surface reactions which are
intermediate between simple absorption and a true chemical reactioh. The
absorption of various materials on the surface of chrysotile supports the
premise that the polar surface of chrysotile hés a greater affinity for
polar molecules (e.g., HZO, NH3) than for non-polér moleculeé (Speil and
LeingWebe;, 1969).

ot
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Of all the astestos minerals, chrysotile is the most susceptible to
acid attack. It is almost completely destroyed within one hour in 1 N HCL
at 95°C. Amphibole fibers are much more resistant to mineral acids
(Lindell, 1972).

The resistance of the asbestos fibers to attack by reagents other than
acid is excellent up to temperatures of approximately 100°C with rapid
deterioration observed at higher temperatures. Chrysotile is'completelf dé—
composed in concentrated KOH at 2009C. In general, organic acids have'a

tendency to react slowly with chrysotile (Speil and Leineweber, 1969).

Chrysotile is the major tybg of asbestos used in the manufacture of as-

bestos products. These products include asbestos cement pipe, flooring pro-
ducts, paper products (e.g., padding), friction mate;ials (e.g., brake lin-
ings and clutch facings), roofing products, and coating and patching com-
pounds. In 1975, the total consumption of asbestos in the U.S. was 550,900
thousand metric tons (U.S. EPA, 1979).

Of the 243,527 metric tons of asbestos discharged to the environment,
98.3 percent was discharged to land, 1.5 percent to air, and 0.2 percent to
water (U.S. EPA, 1979). Solid waste disposal by consumers was the single
largest contribution to total discharges. Although mo process water is used
in dry mining cf asbestos ore, there is the potential for runoff from asbes-
tos waste tailings, wet mining, and'iron ore mining. Mining operatioﬁs can
alsc contribute substantially‘to asbestos concentrations in water by air and
solid waste contamination. In addition to mining amd industrial discharges
of asbestos, asbestos fibers,'which are believed to be the result of rock

outcroppings, are found in rivers and streams.

e g0o014<
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- II. EXPOSURE

A. Wwater

Asbestos is commonly found in domestic water supplies. Of 775 re- |

. cent sampleé analyzed by electron microscopy under the auspices of the U.S.

EPA, 50 percent showed detectable levels of asbestos, usually of the chryso-
tile variety (Millette, 1979). Nicholson and Pundsack (1973) measured aver-

age asbestos levels of 0.3 - 1.5 pg/l in drinking water from two Eaééefn |
United States river systems. Levels of 2.0 to 172;7 x 10% fibers/l have
been reported in Canadian tap water, the highest levels being found in un-

filtered tap water near a mining area (Cunningham and Pontefract, 1571). In

 other studies of Canadian drinking water levels of 0.1 t0o 4 x 106 fibers/1

have been reported (Kay, 1973). The U.S. EPA (1979) has concluded that
about 95 percent of water consumers in the United States are exposed to as-
bestos - fiber concentratioﬁs of less than 108 fibers/l. The mass concen-
trations of chrysotile asbestos in the water of cities with less than 106
fibers/l are likely to be less than 0.0l pg/l, corresponding to an adult
daily intake of.less than 0.02 ug. Pertirment data on the ability of acuatic
organisms to bioconcentrate asbestos from water wére not located. in the
available literature. |
B. Food

There are scant qata on the contribution of food products to popu-

lation asbestos exposure. However, asbestos fibers and talc, which some-

times contains asbestos as an impurity, may be used in the manufacture of

" certain processed foods such as sugar, coated rice, vegetable oil and lard

(IARC, 1977). Cunningham and Pontefract (1571) reported that ‘certain beers
and wines could contain asbestos fibers at levels similar to those found in

drinking water systems (106 to 107 fibers/1).

- 000143
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¥ C. Inhalation

Asbeétos is present in virtually all metrecpolitan areas. Concen-‘

trations of asbestos in urban atmosphere are usually less than 10 ng/mz,

but may reach 100 ng/m3 (Nicholson, et al. 1971; Nicholspn anc¢ Pundesack,
1973; Sebastien, et al. 1976; IARC, 1977).- Construction sites and buildings

fireproofed with loose asbestos material showed the most significant contam-

ination with individual measurements as high as 800 ng/m3 (Nicholson, et

al. 1975).
III. PHARMACOKINETICS

There are contradictory data concerning whetﬁer ingestec asbestos
fibers are capable of passage across the gastrointestinal mucosa {Gross, et
al. 1974; Cooper and Cooper, -i??&; Cunningham and Pontefract, 1973;
Cunniﬁgham, et al. 1977). Most ingested asbestos particles are excreted in
the feces (Cunningham, et al. 1976). However, at least one recent study
(Cook and Olson, 1979) indicates that ingestion of drinking water comtaining
amphibolg fibers may result in the appearance of these fibers in the urine,
thus providing evidence for passage of asbestos across the human gastro-
intestinal tract. .

Ingestion 6f asbestos fibers is accompanied by swallowing cf many
fibers cieared from the respifatory tract by mucociliary action. More than
half the asbestos inhaled will likely be swallowed (U.S. EPA, 1979). The
deposition of asbestos fibers in the lung is a function of their diameter
rather than length, as about 50 percent of partiéles with 3 mass median dia-

meter of less than 0.1 um will be deposited on nonciliated pulmonary sur-

faces. Deposition on nasal and pharyngeal surfaces becomes important as

mass median diameter approaches 1 pm and rises rapidly to beccme the domi-

nant deposition site for airborne particles 10 um in cdiameter or creater:

7 .
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(Brain and Volberg, 1974). Portions of inhaled asbestos fibers which are

not cleared by microciliary action may remain trapped in the lung for de-

cades (Pooley, 1973; Langer, 1973). However, the chrysotile content of the

lung does not build up as significantly as that of the amphiboles for simi-_

lar ekposﬂre circumstances (Wagner, et al. 1974).
Iv. FEFFECTS
A. Carcinogenicity
All commercial forms of asbestos have demonstrated carcinogenic

activity in mice, rats, hamsters, and rabbits. ‘“Intraperitoneal injéction of

various asbestos fibers has produced mesotheliomas in rats and mice (Maltoni

and Annogscia, 1974; Pott and Friedrichs, 1972; Pott, et al. 1976). In rats,
chronic inhalation of various types of asbestos have produced lung carcino-

mas and mesotheliomas (Reeves, et al. 1971, 1974; Gross, et al. 1967;

'Wagner, et él. 1974; Davis, et al. 1578). Intrapleural injection of asbes-

tos fibers has produced mesotheliomas in rats, haméters, and rabbits (bonné,
1570; Reeveé, et al; 1971;,Sfanton and Wrench, 1972; Stanton, 1973; Wagner,
et al. 1973, 1977; Smith and Hubert, 1574). The ofal administraticn of as-
bestos filter material reportedly caused malignancies in rats (Gibel, et al.
1976) althdugh other feeding studies have produced equiroal results.
Occupational ‘exposure .to chrysotile, amosite, anthophyllits, and
mixed fibers containing crocidolite has resulted in high incicdences of human

lung cancers (Selikoff, et al. 1979; Seidman, et al. 1979; Enterlire and

.Hendérson, 1973; Henderson and Enterline, 1979; IARC, 1977). Occupational

exposure to crocidolite, amosite, and chrysotile have also been associated
with a large incidemce of pleural and peritoneal mesatheliomas. An excess
of gastrointestinal cancers has been associated in some studies~with expo-

sure to amosite, chrysotile, or mixed fibers containing crocicolite (Seli
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koff, 1976; Selikoff, et al. 1979; Elmes -and Simpson, 1571; Henderson ard
Enterline, 1979; Nicholson, et al. 1979; Seidman, et al. 1979; Newhouse and
Berry, 1979; McDonald and Liddell, 1979; Kogan, et al. 1972).

IA the general environment, mesotheliomas have occurred in persons

living near asbestos factories and crocidolite mines and in the household

~ contacts of asbestos workers (Wagner, et al. 1960; Newhouse and Thomson, -

"1965). In addition, several studies have implicated asbestos in -drinking -

water with the development of cancer of the lung and digestive tract cancers
(Mason, et al. 1974; Levy, et al. 1976; Cooper, et al. 1978, 1979). There

is convincing evidence to support the contention that asbestos exposure and

cigarette smoking act synergistically to produce dramatic increases in lung .

cancer over that from exposure to either agent alone (Selikoff, eﬁ.al. 1568;
Serry, et al. 1972).
In a study by Hammond, et al. (1979) involving 17,800 insulation

workers, the death rate for non-smokers was 5.17 times that of a ron-smoking

control population. The death rate was 53.24 times that of the ncn-smoking.

control population or 4.90 times the death rate for a comparable group of
non-exposed smokers. Cancers of the larynx, pharynx and buccal cavity in
insulatqrs were also found to be associated with cigarette smoking, tcgether
with some non-malignaﬁt ésbestos effeéts such as fibrosis and deaths due to
asbestosis. |

B. Mutagenicity .

In cultured Chinese hamster cells, chrysotile and crocidolite have
produced genetic damage and morphologic transfommation (Sincock and
. Seabright, 1975; Sincock, 1977). On the other hand, chrysotile, smasite,
and anthophyllite showed no mutagenic activity toward tester strains of E.

coli or S.

tychimurium (Chamberlzin and Tarmy, 1977).
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C. Teratogenicity

Pertiment data on the possible teratogenic. effects of astestos were

-Anot located in the available literature, although transplacental passage of

asbestos fibers has been reported (Cunningham and Pontefract, 1971, 1973).
D. Other Reproductive Effects ‘

It is not known whether asbestos exposure may impair fertility bf

interfere with reproductive success (U.S. EPA, l979).
| E. Chronic Toxicity

The chronic ingestion of chrysotile by"rats (0.5 mg or 50 mg daily
for la_months) produced no effects on the esophagus, stomach, or cecum tis-
sue, but histological changes were seen in the ileum, particularly of the
villi (Jacobs, et al. 1978).

The long-term disease enﬁity, asbestoéis, results from the inhala-
tion of asbestos fibers and is a chronic, progressive pneumoconiosis. It is

characterized by fibrosis of the lung parenchyma and produces shortness of

‘breath as the primary symptom. Ashestos has accounted for numercus cases of.

cccupational disablement during life as well as a considerable numper of
deaths among worker groups. In groups exposed at lower concentrations such:
as the families of workers, there is less incapacitation and although aébes-
tcéis can cccur,_deaths have not been reported (Anderson, et al. 1976).
Extrapulmonary chronic effects reported include "asbestos corns"

from the penetrétion of asbestos fibers into the skin. No chronic nonmalig-
nant gastrointéstinal effects have been reported.
V. AQUATIC TOXICITY

Pertinent data cpncérning the effects of asbestos to either fresh-

water or marine organisms were not located in the available literature.

—
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VI. EXISTING GUIDELINES AND STANDARDS
Neither the human health nor the aquatic criteria derived by U.S. EPA
(1979), which are summarized below, have gone through the process of public
} review; 'the:efore, ;here is a possibility that these criteria will be
changed. '
A. Human

The current Occupational Safety and Health Aﬁmiﬁistration (OSHR)
sténdard for an 8-hour time-weighted average (TWA) occupétional éxposure tﬁ
asbestos is 2 fibers longer than 5 microns in length per milliliter of air
(2f/ml or 2,000,000 f/m3). Peak exposures of up to 10 f/ml are permittéd
for no more than 10 minutes (Fed. Reg., 1972). This standard has been in
effect since luly 1, 1976, when it replaced'aﬁ earlier one of 5 f/ml (TWA).
Great Britain alsé has a value of 2 f/ml as the accepted level, below which
no controls arce required( (BOHS, 1968). " The British standard, in fact,
served as a guide for the OSHA standard (NIOSH, 1972).

The British standard was developed specifically to prevent asbes-
tosis among working pobulations; data were felt to be lacking that would
allow for determination of é standard for cancer (80HS, 1568). Unfor-
funately, among occupational groups, cancer is the primary cause of excess
death for workers.(see "Carcinogenicity" section) witn three-fourths or more
of asbestos-related deaths caused from malignancy. This fact has led QSHA
to propose a lower TWA standard of 0.5 f/ml (500,000 F/mj) (Fed. Reg.,
1975). The Naticnal Institute for Occupatiomal Safety and Health (NIQSH),
in their criteria document for the hearings on a new standard, have proposed
a value of 0.1 f/ml (NIOSH, 1977). In the discussion of the NIOSH propesal,
it was stated that the value was selected on the basis of the sensitivity of
analytical techniques using optical microscopy and that 0.1 f/ml may not

neces
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sarily protect against cancer. Recognition that no information exists that

would define a threshold for asbestos carcinogenesis was also contained in

"the preample of the OSHA proposal. The existing standard in Great Britain

has been guestioned by Peto (1978), who estimates that asbestos disease may
caﬁse the death of 10 percent of workers exposed at 2 f/ml for a working
lifetime. ’ |
The existing federal standard for asbestos emissions into the en-
vironment prohibits "visible emissions" (U.S. EPFA, 1975). No numerical
value was specified because of'difficulty in monitoring ambient air asbestos
concentrations in the ambient air or in stack emissions. Some local govern-
ment agenciés, however, may have numerical standards (e.g., New York, 2?
ng/m3). |
No standards for asbestos in foods or beverages exist even though

the use of filtration of such products through asbestos filters has‘beed a

common practice in past years. Asbestos filtration, however, is prohibited.

or limited for human drugs (U.S. FDA, 1976).
The draft recommended water quality criterion for asbestos par-
ticles (U.S. EPA, 1979) is derived from the substantial data which exists

for the increased incicdence of peritoneal mesothelioma and gastrointestinal

- tract cancer in humans exposed occupationally to asbestos. This derivation.

assumes that much or all of this increased disease incidence is caused. by
fibers ingested following clearance from the respiratory tract. Several
studies allow the association of approximate airborme fiber concentrations

to which individuals were exposed with observed excess pe:itbneal and gas-

trointestinal cancer. All of -the inhaled asbestos is assumed to be even-

tually cleared from the respiratory tract and ingested.

e 000149
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The draft criterion calculated to-keep the individual lifetime can- .
cer Trisk below 10'5, “is 306,000 fibers of all sizes/liter. .The corres-
ponding mass concentration. for chrysotile asbestos is appfoximately 0.05
ug/l. This éritericn has not yet gone tHrough the process of public review;
therefore, there is a possibility that the_criterion may be changed.

B. Aquatic
Because no data are available on the aquatic toxicity of asbeSéos,

the U.S. EPA (1979) cderived no aquatic criteria. .

'
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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BARIUM | | /C?/

Water-soluble barium compounds are highly toxic to man. ¥ish and lower

SUMMARY

species of marine organisms have been shown to biocaccumulate barium. The con-
centration of barium in sea water ranges around 20 ug/L, while that of drinking
water averaées about 6 ug/L.

Soluble barium salts have a high acute toxicity. Small amounts of barium
can accumulate in the skeleton of humans and animals. Barium salts are strong
muscle stimulants: acute intoxication generally results in uncontrolled .
contractions followed by ﬁartial or complete paralysis. Cardiac disturbances
including arrythmias can also occur. Barium dusts are irritant to nose,
throat and eyes. Baritosis (pneumoconiosis) occurs following chronic
inhalation of (fine) barium dusts. Barium sulfate used in barium enemas,
swallows and artificial orthopedic bones can result in tissue injury following
solubilizatioﬁ of the barium sulfate and/or soluble impurities. Potassium
acts as an antagonist for baﬁium induced cel;ular disturbances. The TWA

for exposure to soluble barium compounds is 0.5 mg/mB.

I. ZINTRODUCTION

Barium (Ba; atomic weight 137.34) is a yellowish-white metal of the alkaline.
earth group. It is relatively soft and ductile and may be worked readily.
Barium has a melting point of 729°C and a boiling point of 164006; its density
is 3.51 g/en® (Kunesh 1978).

Barium characteristically forms divalent compounds. At room temperature,
it combines readily and exothermically with oxygen and the halogens. It reacts
vigorously with water to form barium'hydroxide, Ba(OH)2 (Kunesh 1978).

Barium occurs in nature chiefly as barite, crude BaSO4, and as witherite,
a form of BaCO3,
mined in this country (Kirkpatrick 1978).

A review of the production range (includes importation) statistics for
barium (CAS. No. 7440-39-3) which are listed in the initial TSCA Inventory,
(U.S. EPA 1979) has shown that between 100,000 and 900,000 pounds of this

both of which are highly insoluble salts. Only barite is

chemical were produced/imported in 1977%.

*This production range information does not include any production/importation
data claimed as confideatial by the person(s) reporting for the TSCA inventory,
nor doas it include any information wnich would compromise Confidential Business ‘

- » Information. The data submitted for the TSCA Inventory, including production
‘range information, are subject to the limitations contained in the Inventory

Reporting Regulations (40 CFR 710).
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C. Environmental Occurregce

'The flow of barium in the United States has bgéﬁ traced for the year 1969,
during which time consumption of barium totaled 1.87 billion pounds. It was

estimated that 30.8 million pounds of barium were emitted to the atmosphere.

Nearly 18 percent of the emissions resulted from the processing of barite, more
than 28 percent from chemical production, 26 percent from the combustion of
coal, and 23 percent from the manufacture of miscellaneous end products
(U.S. EPA 1972). |
. The concentraticn of barium in sea water is generéily accepted as about

20 ﬁg/L, with lower concentrations in the surface waters than‘at greater depths.
Barium ions are gemerally removed from solution quite rapidly by adsorptiom,
sedimentation and precipitation (U.S. EPA 1973). Concentrations of barium in
this country's drinking water supplies generally range from less than 0.6 ug/L
to about 10 ug/L, although a few midwestern and western states have had upper
limits of 100 to 300 ug/L (U.S. EPA 1976).

Due to the common use of barite as a weighting agent in drilling muds,
the resultant contamination of sediments near drilling sites was studied. The
average content of barium in benthic sediments from the Southerm Califormia Bight
was 637 parts per million (ppm), with a range from 43 to 1899 ppm. This area '
inclﬁdes active drilling sites where barium contamination is expected. The
concentration values were compared with the average 879 ppm barium found in
mainland intertidal sediments and the 388 ppm determined in 'the channel island
intertidal sediments. The lower barium content of the island sediments was
attribucted to the wvolcanic soil of the islands; however, the higher barium
concentration of the mainland could not be traced to either nmatural or amthro-
pogenic origin. Due to variations in soil sources it is questionable whether
barium concentrations determined elsewhere could be used as reference values for
this study (Chow 1978).

In two studies correlating trace metal concentrations in the environment
with that in scalp hair of the inhabitants, barium was measured in the house
dust collected in four commmities. Geometric mean values of barium determined

in house dust samples from the New York City area were as follovs:' 65.2 ug Ba/g

‘dust in Riverhead, 137.6 ug/g in Queens, and 312.4 ug/g in the Bronx (pSEPA, 1978b).

The geometric mean value for barium measured in house dust in Ridgewood, New
Jersey was 330.0 ug/g (U.S. EPA 1978c).
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Barium and its compounds are used industrially as weighting agents in
0il and gas well drilling muds; as coloring agents in glass, ceramics, paint, ‘

and pigments; as filler in rubber; and as antismoking agents in diesel

- fuel (U.S. EPA 1972; NAPCA 1969). In medicine, barium sulfate is used as

an x~-ray cantrast medium because of its. extreme insolubility and its ability to
absorb x-rays (Kirkpatrick 1978; U.S. EPA 1978a). '

II. EXPOSURE

A. Environmental Fate

Due to the high reactivity of barium, it is not found in its elemental
state in the environment. In sea water, the naturally present sulfate and
carbonate tend to precipitate any water-soluble barium components. Thus, the
sediment usually has a higher concentration of barium than its correséonding

water source (Guthrie 1979). -

B. Bioconcentration

Due to the toxicity of soluble barium salts to man, the bioaccumulation

of the element has been a concern. Barium can be concentrated in geldfish by -
a factor of 150. Concentration factors for barium listed in one study are .
17,000 in phytoplankton, 900 in zooplaﬁkcon, and 8 in fish muscle (U.S. EPA 1973).
Thus, ingestion of fish by man can be a source of barium exposure.

" Another study conducted on various species of marine organisms produced the
following results (Guthrie 1979): Barnacles bioaccumulated aboﬁt
five times greater concentration of barium than was in the water, while oysters
and clams contained concentrations of the element similar to that present in .
the water. Crabs and pblychaetes were also analyzed for barium and were found
to contain a significantly smaller quantity than that present in the sediment
on which they dwell. However, no significant differences were noted between
the concentration of barium in the two organisms and the concentrations in
the water column. ’

In man, studies have been conducted to determine a correlation between barium
in the environment, measurec as house dust, and the concentration of barium found
in scalp hair of the inhabitants. A significant positive correlation’has been
determined between the geom=tric mean concentrations of the element in house dust
and hair. Other covﬁriants of significant value measured in the studies were sex,
hair length, and, in children less than 16 years old, age (U.S. EPA 1978b; U.S;

EPA 1978c). ‘ .
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III. PHARMACOKINETICS . T

Soluble barium is retained by muscle tissue fo; about 30 hours, after
which the amount of retained barium decreases slowly (NAPCA 1969). Small
amounts of barium become irreversibly deposited in the skeleton. However,
the acceptance level is limited, as quantitative analysis of buman bone’
reveals no accumulation of barium from birth to dea:h. ' Barium levels
averaged 7 ug/g ashed bone., Very little barium is retained by the liver,’
kldneys, or spleen, and prectically none by the brain, heart, or hair.
Transient higﬁ concentrations are seenlin the liver with lesser aﬁounts in
lung and spleen following acute experimen:al dosing.

Barium administered orally or intraperitoneally as BaCl2 to weanling
male rats at doses of 1, S5, 25, or 125 mg/kg was taken up rapidly by the
soft tissues (30 mine), showed slow uptake by the skeleton (2 hrs) and was
excreted primarily in the feces (Clary and Tardiff, 1974). No reten:idn
data were reported. ‘

Pulmonary clearance rates of inhaled radioactive 133Ba salts ranged from
~ several hours for the soluble BaClz
clay . Large amounts of barium were excreted in the feces; a lesser amount
was excreted in the urine. Although 3aso, is "insoluble" in water, 50% of
133Ba504 dissolved in a simula:ed blological fluid within 2-3 days, indicating

that solubilization is relatively rapid.

to hundreds of days for Ba++ in fused

IV. HEALTH EFFECTIS

/A. Carcinogenicity

Bronchogenic carcinoma developed in rats injected with radiocactive 355

(unspecified dose) labelled barium sulfate (Patty .1963). BaSQ4 powder'(particle
size undefined) injected intrapleurally in female and’ male mice produced a
mesothelioma in only 1 out of 30 animals. ’No other pathological lesions were
investigated or reported. Saline controls (32) resulted in no mesotheliomas.
Barium sulfate had an oneogenic potency similar :ovchat of glass powder and
aluminum oxide. It therefore appears likely that the observed tumor was due

to foreign-body-oncogenesis (Wagner).
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B. Acute and Chronic Toxicity

The soluble salts of barium are highly toxic when ingested. Barium chlor:’
and barium carbomate, two of the soluble compounds,ghave be;n reported to
cause toxic symptoms of a severe but usually nonfatal dégree. Seven grams of
b;rium chloride (®4.5 g Bé) taken orallf produced severe abdominal pain and
néar-cbllapse, but not death (NAPCA 1969). However, Patty (1963) indicates
4800 to 900 mg of barium chloride (550-600 mg Ba) to 6; a fatal human dose.
Few cases of industrial poisoning from Soluble barium salts Have been reported.
Most of these have been cases of accidental ingestion (NAPCA 1969).

ingested soluble barium compounds produce a strong stimulating effect omn
all muscles of the body. The effect on the heart muscle is manifested by
irregular contractions followed by arrest of systolic actiom. Gastrointes-
tinal eifects include vomiting and diarrhea. Central nervous system effects.
observed include violent tonic and clonic spasms followed in some cases by
paralysis (NAPCA 1969).

Death resulting from barium exposure may occur in a few hours or a few
days, depending on the dose. and solubility of the barium compound. A death
attributed to barium oxide poisoning has been reported. However, the usual
effect of exposure to dusts and fumes of barium oxide, barium sulfide, and
barium carbonate is irritation of eyes, nose, throat and the sk:i.n (NAPCA 1969)‘

Some of the BaSO4 used in orthopedic bone cements has been shown to escape
into surrounding tissues (Rae 1977). Mouse peritoneal macrophages exposed to
barium sulfate (10 particles of unspecified size/macrophage) for periods up
to 144 hours showed a marked cytoplasmic vacuolization. Following cessation
of exposure only partial recovery occurred. No cell membrane damage was

observed (Rae 1977). The use of barium sulfate in barium swallows and

a

' - o~~~ - . .
enemas resulted in severe toxic affects on rupture of the intestinal tract

(Gardiner and Miller 1973, Bayer et al. 1974).

Inhalation of barium compounds is known to cause a benign respiratory

affliction ‘(pneumoconiosis) called baritosis, which has beeh reported in

| workers exposed to finely divided barium sulfate in Italy, in barite miners

: in the United States, Germany, and Czechoslovakia, and among workers exposed
to bariunm oxide; Generally, baritosis producés no symptoms of emphyﬁgma or
bronchitis, and lung function tests show no respiratory incapacity, although
some afflicted workers complain of dyspnea upon exertion. In the majority
of cases nodulation disappears if exposure to the barium compound is stopped

(NAPCA 1969). Aspirated BaSO, can result in granulomas of the lung and other‘

sites in man (Patty 1963).
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Suicidal ingestion of a facial depilatory containing 15.8 g of BaS
reéulted in paralysis of head, neck, arms, and trunk as well-as respiratory
paralysis. Therapy with Mgsoa, saline and potassiuﬁhresulted in recovery
within 24 hours (Gould et al. 1973).

Acute oral toxicity values for barium carbonate were: mouse LD = 200 mg/
kg; rat LD = 50-200 mg/kg, LDg, = 1480 + 340 mg/kg; ra§§it 1D = 170-300 mg/kg.
For barium chloride oral toxicity values were: mouse LD = 7-14 mg/kg; rat
LD = 355-533 mg/kg; rabbit LD = 170 mg/kg; dog LD =.90 mg/kg. For barium
flouride the acute oral LD for guinea pigs was 350 mg/kg (NAPCA 1969).

C. Other Relevant Information

Potassium acts as én‘;g_z}ésg_antagonist of barium. Cardiac effects
such as arrythmias exerted by barium are also reversed rapidly by potassium.
Barium induces hypokélemia apparently by promoting a shift of.pqcassﬁui
from plasma into cells. The prolongation of action-potemntials and depolariza-
tion of smooth and skeletal muscle by barium are thought to be due to
barium induced decreases in potassium conductance. In addition, barium can
replace sodium to pibduce and/or prolong action pocentiais and can also
substitute for calcium in neurosecretory processes as described below (Peéﬁh‘1975).
Bariom chloride has been shown to cause arterial contractions in
gg_giggg_preparationé of human digital arteries.at concentrations of 10‘4 to
10-6 M (Jauernig and Moulds 1978). This activity was approximately 40 to SO
fold more than that of potassium chloride. At BaCl2 concentrations above 10-2 M
contracticns developed very slowly. The action of BaCl2 was inhibited by
veraparmil, a calcium antagonist, at BaClé contractions below 1of2 M.
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V. AQUATIC TOXICITY ' . .

According to an EPA report, experimental data indicate that in fresh
- and marine waters, the soluble barium concentration would need to exceed
50 mg/L before toxicity to aquatic life would be expected (U.S. EPA 1976).
Furthermore, in most natural waters, sufficient sulfate or carbonmate is present
to pre;ipitate barium in the water to a virtually insolﬁble, non-toxic
compound. ‘ . i“’ ' :

Soluble barium salts, however, are quite toxic: It has been feportéd
that 10 to 15 pg/L of barium chloride (9.9 mg/L Ba) was lethal to an aquatic
plant and two species of smnails (species and origin unspecified). Bioassay
with this same barium salt showed the LC for Coho Salmon to be 158 mg/L

(104 mg/L Ba) (U.S. EPA 1973).

30

VI. GUIDELINES

A. Human Bealth

The OSHA Tiwe Weighted Average for exposure to barium (soluble compound)

1s 0.5 mg/m> (29 CFR 1910:1000). .

B. Aquatic

There is no established criterion for barium in the aquatic environment.
The U.S. EPA (1973) suggests, however, that concentrations of barium equal
to or exceeding 1.0 mg/L constitute a hazard in the marine environment, and

leveis less than 0.5 mg/L present minimal risk of deleterious effects.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including ail the
adverse health and environmental imgacts presented by the
subject chemical. This document has undergone scrutiny ¢to
ensure its technical accuracy. : ’
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BENZAL CHLORIDE ‘

Summary

Benzal chloride has been reported to induce papillomas, carcinomas, and
leukemia in mice. Details of this work were not available for assessment.
Mutagenic effects of benzal chloride exposure have been reported in

Salmonella, Bacillus, and E. coli.

There is no available information on the teratogenic or adverse repro-

“r

ductive effects of the compound.
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‘ | I.  INTROCUCTION

~ Benzal chloride, CAS registry number $8-87-3, is a fuming, highly re-
_fractive, colorless liquid. It is made by free radical chlorination of
toluene and has the‘following physical and chemical properties (Windholz,

1976; Verschueren, 1977):

Formula: C7H5C12A

Molecular Weight: 161.03
 Melting Point: -16°¢

Boiling Point: 2079¢

Density: 1.25614

vapor Pressure: 0.3 torr @ 20°C

Solubility: alcohol, ether

insoluble in water
Benial chloride is used almost exclusively for the manufacture of ben-
zaldehyde. It can also be used to prepare cinnamic acid and benzoyl chlor-
ide (Sidi, 1971).
‘ : II. EXPOSURE
‘ A.‘ water
Benzal chloride is converted to benzaldehyde and hydrochloric acid
on contact with water (Sidi, 15971).
B. Food
Pertinent data could rot be'located in the available literature.
C. Inhalation |
It is likély that the only source of benzal chloride in the air is'
production facilities. The compound will hydrolyze in moist air to give
benzaldehyde and hydrochloric acid. Inhaled benzal chloride will probably
produce effects similar to those of inhaled hydrogen chloride.
D. Dermal

Benzal chicride is irritating to the skin (Sidi, 1971).
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III. PHARMACOKINETICS

Pertinent data on the pharmacokinetics of benzal chloride coculd not be
located in the available literature.
Iv., EFFECTS -

A. Carcinogenicity . .

In a study of Matsushito, et al. (13975) benzal chloride, along
with‘seve:al other cdmpounds, was found to induce carcinomas, leukemia, and
papillomas in mice. The details of the study were not available, but benzal
chloride was shown to possess a longer latency périod than benzotrichloride
before the onset of harmful effects. |

B. Mutagenicity

Yasuo, et al. (1978)-tested the mutagenicity of several compounds

including bkenzal chloride in microbiél assay systems which include the rec-

assay using Bacillus subtilis, the reversion assay using £. coli, and the

Ames assay using Salmecnella tvohimurium, with or without metabolic activa-

tion. Benzal chloride was positive in the rec-assay without activation and
in the reversion assays using S. typhimurium and E. coli with metapolic
activation.
C.  Teratogenicity, Other Reprodﬁctive gEffects and Chronic Toxicity
Pertinent data could not be loﬁaﬁed in the available literature.

D. Acute Toxicity

‘The oral LDgo's for mice and rats exposed to benzal chloride are

2,462 mg/kg and 3,249 mg/kg, respectively (NIOSH, 1978).
V. AQUATIC TOXICITY |
Pertinent aguatic toxicity data could not be located in the available

literature.
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. VI. EXISTING GUIDELINES AND STANDARDS |
' There are no existing guidelines or standards for exposure to benzal
chloride.
o | -
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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SPECIAL NOTATION .

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
benzene and has found sufficient evidence to indicate that

this compound is carcinogenic.
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BENZENE .

Summary

Benzene is a widely used chemical. Chronic exposure to it causes
hanétological abnomalities. Benzene is not mutagenic to- bacte:ia, but
recent evidence shows it to be carcinogenic. in animals.. Also, benzene haig
been shown to be leukemggenic in humans. There is suggestive evidence that
benzene may be teratogenic and may cause reduced fertility.

Benzene has been shown to be acutely toxic ‘to aquatic organisms over a
concentration range bf 5,800 to 495,000 ug/l. The marine fish striped bass

was the most sensitive species tested.
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‘.. o ‘ BENZENE -
| I. INTRODUCTION - S
| >This profile is based 6n the draft Ambient Water Quality Criteria bocu-
rﬁent for Benzene ('U.S. EPA, 1979). k | A ’
Benzene (Benzol CéHs; molecular weight 78.1) is'a volatile, color-,
less, liquid hydrocarbon produced principally from ‘cﬁal tar diStillatiﬁn,
f’romv‘petrdléun by catalytic reforming of light naphthas, and in coal pro-
“ces'sing and coal coking operations (Weast, 1972; Ayers and Muder, 1964; U.S.
" EPA, 1976a). Benzene has a boiling point of 'Bd.l°C; a melting point of
5.5°C, a water solubility of 1,780 mg/l at 25°C, and’ a density of
0.87865 g/ml'. at 20°C. The broad utility spectrum of benzene includes its
use as: ah intemmediate for synthesis in the chemical and phama_ceutical
industries, a thinher for lacquer, a degreasi‘.ng and cleahing agent, a sol-
_ vent in fhe rubber industry, an antiknock fuel badditive, a general solvent
‘ - in laboratories and -in the preparation ahd use' of inks in ;he graphic.arts
industries. ' o
Current productioq of benzene in the U.S. is over 4 million metric tons
annhally, and its use is expected t{o increase when additional pi‘oduction
facilities,be&ome'available (Fick, 1976).
II. EXPOSURE
A. Water )

A report by the National Cancer Institute (1977) noted benzene
levéls of 0.1 to 0.3 ppb in four U.S. city drinking water supplies. Ore
measurement from a grpundwater, wel.l in Jacksonville, Florida showed levels
higher than 100 ppb. One possible source of benzene in the aquatic environ-
ment is from cyclings between the‘ atmosphere and water (U.S. EPA, .19763).

Concentrations of benzene upstream and downstream from five benzene

kgt o 000178




production or consumption plants ranged from less than 1.0 to }3.0 ppb, with
an average of 4.0 ppb (U.S. EPA, 1977a).
8. Food
Benzene has been detected in various food categories: fruits,
nuts, vegetables, dairy products, meat, fish, poultry, eggs, and several
beverages (Natl. Canmcer Inst., 1977). NCI estimated that an’ individual

-might ingest as much as 250 pg/day from these foods. The U.S. EPA (1979)

has estimated the weighted average bicconcentration factor of benzene for

the edible portion of fish and shellfish consumed by Americans to be 6.9.

This estimate is based on the octanol/water partition ccefficient of benzenre.
C. Inhalation _

The respiratory rohte is the major. source of human exposure to ben-
zene, and much of this exposure is by way of gasoline vapors and automotive
emissions. American gasolines contain an average of 0.8 percent benzene (by
weight) (Goldstein, 1977a), and automotive exhausts contain an average of 4
percent benzene (by weight) (Howard and Durkin, 1974). Concentrations cf

benzene in the ambient air of gas stations have been found to be 0.3 to 2.4

ppm (Natl. Acad. Sci/Natl. Res. Council, 1977). Lonneman and coworkers.

(1968) measured an average concentration of 6.015 pom in Los Angeles air
with "a maximum of 0.057 ppm. The rural background level for benzene has
been reported as 0.017 ppb (Cleland and Kingsbury, 1977).
III. PHARMACOKINETICS

A. Absorption

The respiratory absorption of benzene by humans has been measured

" several times and found to be 40 to 50 percent retained oh exposures to 110

ppm or less (Srbova, et al. 1950; Teisinger, at al. 1952; Hunter and Blair,

1972; Nomiyama and Nomiyama, 1974). Absqrption was slightly less efficient,
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'28 to 34 percent, .on exposure to 6,000 ppm' (Duvoir, et al. 1946).
Deichmann, et al. (1963) demonstrated that rats eprsed to benZene (44 to 47
-ppm) for long periods of time maintained blood benzene levels of appréxi-
mately 4.25 mg/l. '
B. Distribution
Free benzene accumulates in lipid tissue such as fat and bone
marrow, and benzene metabolites accumulate in liver tissue and bone marrﬁw
(U.S. EPA, 197). ‘
C. Metabolism N
| Benzene is metabolized.by the mixed-function oxidase system to pro-
duce the highly reactive arene oxide (Rusch, et al. 1977). Arene oxide can
spontaneously rearrange to form phenol, undergo enzymatic hydration followed
by dehydrogenation to fofm catechol or a glutﬁthione derivative, or bind
covalently witﬁ cellular hacromolecules. Evidence has accumulated that a
metapolite of benzene is responsible for benzene toxicity, in light of the
fact that a protection from benzene toxicity»is afforded by inhibitors of
benzene metabolism (Nomiyama, 1964; Ahdréws, et al; 1977). The specific’
metabolite - that produces benzene toxicity has not yet been identified, but
likely candidates are benzene oxide, éateéhol,4and hydrbquinone, or the cor-
responding semiquinones (U.S. EPA, 1577b).
0. Excretion
Phenol measurement (free‘plus combined) of the‘urine of human vol-
unteers indicated that 50 to 87 percent of the retainéd benzene was excreted
as phenol (Hunter and B;aif, 1972). The highest concentration of phencl was
found in the wurine within aboﬁt 3 hours from termination of exposure. .

Elimination via the lungs was no more than 12 percent of the retained Hose.

!
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Iv. EFFECTS
A. Carcinogenicity : -
dn subcutaneous, dermal, oral, and inhalation exposure of rats and
mice to benzene, animal experiments have failed to support the view that

benzene is leukemogenic (U.S. EPA, 1979). Recent evidence suggests, how-

ever, that benzene is an animal carcinogen (Maltoni and Scamato, 1979).

The evidence that benzene is a leukemogen for man is convincing and has re- -

cently been reviewed by the Natl. Acad. Sci./Natl. Res. Coun. (1976), Natl.
Inst. Occup. Safety and Health (1977), and U.SI EPA (1577). Vigliani and
Saita (1964) calculated a 20-fold higher risk of acute leukemia in workers
in northern Italy exposed to benzene. In some studies of acute leukemia
where benzene exposure levels have been reported, the concentrations have
generally been above 100 ppm (_Al.<soy, et al. 1972, 1974a,b, 1976a,b; Vigliani
and Fourni, 1976; Vigliani and Saita, 1964; Kinoshita,. et al. 1965; Sellyei

anc Kelemen, 1971). However, other studies have shown an association of

leukemic evidence to benzene levels less than 100 ppm (Infante et al., 1977;

Ott et al., 1578).
8. Mutagenicity

Eenzene has not - shown mutagenic activity in the

Salmonella/microsome E vitro bioassay (Lyon, 1975; Shahin, 1977; Simmon, et

al. 1977).
- C. Teratogenicity
With rats exposed to 100 to 2,200 ppm benzene during days 6 to 15
of gestation some skeietal deformities were observed in their offspring
(Amer. Pet. Inst., 1978). Pregruant mice given single subcutaneous injec-

tions of benzene (3 ml/kg) on days 11 to 15 of gestation produced ,fetuses
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with cleft palates, agnathia, and microagnathia, when deliveréd by caesarean
section on day 19 (Watanabe and Yashida, 1970). | ) |
D. Other Reprbductive Effects
‘ Gofmekler (1968) found complete,ébsence of pregnancy in female rats
exposgd continuously to 209.7 ppm benzene for‘lc to 15 days prior to impreg-.
nation. One of ten rats exposed to 19.8 ppm éxhibitéd resorption of ém-
bryds. The number of dffspring per female exhibited aﬁ inverse relationship
to beﬁzene exposure levels from 0.3 to 209.7 ppm. |
E. Chronic Toxicity | *
In humans, pancytopenia (reduction of blood erythrocytes, leuko-
cytes, and platelets) has clearly beeﬁ related to chronic benzene exposure
(Browning, 1965; Goldstein, 1977; Intl. Labour Off., 1968; Snyder and
Kocsis, 1975). Also, impairment of the immunological system has been re-
ported with chronic benzene ekpo;ure (Lénge, et al. 1973a; Smolik, et al.
1573). WOlf; et al. (1956) ;eported ‘that ‘the no-effect level .for blood
changes in rats; guinea pigﬁ,Aand rabbits waé below 88 ppm in the air when
the animals were exposed for 7 hours per day ?or up to 269 days.
F. Othef Relevant Information
In rabbits and rats injected spbcutanéously with 0.2 mg/kg/day ben-
zene, the frequency of bone marrﬁw mitqsis with chromosomal aberrations in-
creased from 5.9 percent to 57.8 ‘percent éfter an average of lé weeks
(Kissling and- Speck, 1971; Dobrokhotov, 1972); In patients with ‘benzene
induced aplastic anemia; lymphdcyte chromosome damage,A i.e., abnormal

karyo-type and deletion of chromosomal material, has been found (Pollini and

Colombi, 1964).
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V. AQUATIC TOXICITY
A. Acute
Acx;lte toxicity valués for freshwater fish are representgd by
96-hour static Lt:SO values of 20,000 to 22,450 g/l for the bluegill,

Lepomis macrochirus, to 386,000 ng/l for the mosguitofish, Gambusia ,_affin_is,'

‘with goldfish, Carassius auratus, fathead minnows, Pimephales promelas, and

guppies, Poecilia reticulatius, being somewhat more resistant than the blue-

gill (U.S. EPA, 1979). Only one study was available for the acute effects
of benzene toA freshwater invertebrates. A 48-hour static LCsy value of
203,000 g/l was obtained for the cladoceran Daphnia magna. LC:50 values
for marine fish were reported as 5,800 and 16,900 ug/l for striped bass,
Morone saxatilis, and 20,000 to 25,000 pg/l for Pacific herring, Clupea

pallasi, and anchovy, Engraulis mordax, larvae. Marine invertebrates were

much more resistant with Ltso values of 27,000, 108,000, and 450,000 pg/1

reported for grass shrimp, Palaemonetes pugio, dungeness crab, Cancer

magister, and the copepod, Tigricopus californicus, rgspectively (U.S. EPA,
1979). '
8. Chronic Toxicity
The only chronic toxicity ﬁest conducfed oh an aquatic species was

performed on the freshwater cladoceran, Daphnia magna. ‘There were no ob-

served effects to these organisms at concentrations as high as 98,000 pg/l.
Pertinent information of the chronic effects of benzene on marine fish and
invertebrates could not be located in the available literature.
 C. ' Plant Effects

A concentration of 525,000 }Jg/l was responsible for a 50 'percent
_ reduction in cell numbers at 48-hours for the freshwater algae, Chlorella

vulgaris, while marine plants were reported as having growth inhibition at
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éoncentrations ranging from 20,000- to - 100,000 wg/l for the diatom,

Skeletonema costatum, with the dinoflagellate, Amohidinium carterae, and the

algae, Cricosohaera carterae, being intermediate in sensitivity with effec-

tive concentrations of 50,000 ug/l.

0. Residues |

' A bioconcentration factor of 24 was obtained fof organisms with a
lipid content of 8 percent.
VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor aquatic ‘criteria derived by U.S. EPA
(1979) which are summarized below have gone through the process of public
review; therefore, there is a possibility' that these criteria will be
changed. ‘ |

A. Humén

-Existing air standards for occupational exposure to bemzeme include

10 'gpm, an emergency temporary level of 1 ppm by the U.S. Occupational
Safety and Health Administration (Natl. Inst. Occup. Safety Health, 1974,
1977), and 25 .ppm by the American Conference of Goverrmental Industrial
Hygignists (ACGIH, 1971). Based on human epidemiology data, and using a
modified "onme-hit" ﬁodel, the EPA (1979) has estimated levels of benzene in

. ) i 9
ambient water which will result ‘in specified risk levels of human cancer:

Exposure Assumotions Risk Levels and Corresponding Draft Criteria
(per day) '
0 10-7 10-6 10-5
2 liters of drinking water 0 A 0.15 pg/1 1.5 pg/l ' 15 pg/l

and consumption of 18.7
- grams fish and shellfish.

Consumption of fish and 0 2.5 pg/l 25 pg/1 250 ug/l
shellfish only. .

- _ 000184
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8. Aquatic ) _ ’
Criterion for the protection of freshwater organisms have been
drafted at 3,100 yg/l as a 24-hour average concentration not to exceed 7,000

Mg/l. For marine organisms criterion have been drafted as a 24-hour average

concentration of 920 pg/l not to exceed 2,100 pg/l..
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il - .

5K



007290

BENZENE
REFERENCES

ACGIH. 1971. Threshold limit values. American Conference of Governmental
‘Industrial Hygienists. Cincinnati, Ohio. '

Aksoy, M., et al. 1972. Acute leukemia due to chronic exposure to benzene
Am. Jour. Med. 52: 160.

Aksoy, 'M., et al. 1974a. Acute leukemia in two generatlens following
chronic exposure to benzene. Hum. Hered. 24- 70.

Aksoy, M., et al. 19745, Leukemia in shoe workers exposed chronically to
benzene. Blood 44: 837.

Aksoy, M., et al. . 1976a. Combination of genetic factors and chronic expo-
sure to benzene in the aetiology of leukemia. Hum. Hered. 26: 149.

Aksoy, M., et al. 197éb. Types of leukemia in chronjc benzene poisoning.
A study in thirty-four patients. Acta Haematologica 55: 65.

American Petroleum Institute. 1978. Table . 6 in Submission to Environ.
Health Comm. of the Sci. Advis. Board, U.S.. Environ. Prot. Agency. Jan. 13,
1978.

Andrews, L.S., et al. 1977. Blochem. Jour. 26: 293.

‘Ayers, G.W., and R.E. Muder. 1964. Kirk-Ottmer encyclopedia of chemical
technology. 2nd ed. John Wiley and Sons, Inc., New York.

Browning, E. 1965. Benzene. In: Toxicity and metabolism of industrial
solvents. Elsevier Publishing Co., Amsterdam. -

Cleland, J.G., and G.L. Kingsbury. 1577. Multimedia environmental goals
for envirommental assessment. EPA 600/7-77-136. U.S. Environ. Prot.
Agency, Washington, O.C.

Deictmann, W.B., et al. 1963. The nemopoietic tissue toxicity ofibenzene
vapors. Toxicol. Appl. Pharmacol. 5: 201.

Dobrokhotov, V.B. 1972. The mutagenic influence of benzene and toluene
under experimental conditions. Gig. Sanit. 37: 36.

Duvoir, M.R., et al. 1946. The significance of benzene in the tone marrow
in the course of benzene blood diseases. Arch. Mal. Prof. 7: 77.

Fick, J.E. 1976.. To 1985: U.S. benzene supply/demand. Hydrocarbon-Pro-
cessing. 55: 127.

Gofmekler, V.A. 1968. Effect in embryonic development of benzene and for-
maldehyde. Hyg. Sanit. 33: 327.

S 1513 | 000186



Goldstein, B.D. 1977a. Introduction (Benzene toxicity: Critical review).
Jour. Toxicol. Environ. Health Suppl.- 2: l.

Goldstein, G.D. 1977. Hematotoxicity in humans. Jour. Toxicol. Environ.
Health Suppl. 2: 69. )

Howard, P.H., and P.R. Durkin. 1974. Sources of contamination, amb_ient
levels,. and fate of benzene in the environment. EPA 560/5-75-005. U.S.
Environ. Prot. Agency, Washington, O.C. -

Hunter, C.G., and 0. Blair. 1972. Benzene: Pharmakokinetic studies in
man. Ann. Occup. Hyg. 15: 193.

Infante, P.I., et al. 1977. Leukemia in benzene workers. Lancet. 2: 76.

International Labour Office. 1968. Benzene: Uses, toxic effects, substi- '

tutes. Occup. Safety Health Ser., Geneva. N

Kinoshita, Y., et al. 1965. A case of myelogenous leukanié. Jour. Japan
Haematol. Soc. 1965: 85.

Kissling, M., and B. Speck. 1971. Chromosomal aberrations in experimental
benzene intoxication. Helv. Med. Acta. 36: 59. )

Lange, A., et al. 1973. Serum immunoglobulin levels in workers exposed to
benzene, toluene and xylene. Int. Arch. Arbeitsmed. 3l: 37.

Lonneman, W.A., et al. 1968. Aromatic hydrocarbons in the atmosphere of
the Los Angeles basin. Environ. Sci. Technol. 2: 1017.

Lyon, J.P. 1975. Mutagenicity studies with benzene. Ph.D. thesis.
University of California. .

Maltoni, C. and C. Scarmato. 1979. LaMedicina del Lavors. 70(5): 352.

National Academy of Sciences/National. Research Council. 1976. Health ef-
fects of benzene: A review. Natl. Acad. Sci., Washington, D.C.

National Academy of Sciences/National Research Council. 1577. Drinking

water and health. Natl. Acad. Sci., Washington, O.C.

L]

National Cancer Institute. 1977. On occurrence, metabolism, and toxicity
éngluding reported carcinogenicity of benzene. Summary rep. Washington,

National Institute of Occupational Safety and Health. 1974. Criteria for a
recommended standard. Occupational exposure to benzene. U.S. Dep. Health
Edu. Welfare, Washington, O.C.

National Institute of Occupational Safety and Health. 1977. Revised® recom-

mendation for an occupational exposure standard for benzene. U.S. Dept.
Health Edu. welfare, washimgton, D.C.

e | 000187
1 §-14°



007290

Nomiyama, K. 1964. Experimental stucies an benzene poisoning. Bull. Tokyo
Med. Oental Univ. 1l: 297.

" Nomiyama, K., and H. Nomiyama. 1974a. Respiratory retention, uptake and
excretion of organic solvents in man. Int. Arch. Arbertsmed. 32: 75.

Ott, M.G., et al. 1978. Mortality among individuals occupationally exposed
to benzene. Arch. Environ. Health. 33: 3.

Pollini, G., and R. Colambi. 1964. Lymphocyte chromosome damage in benzene
blood dyscrasia. Med. Lav. . 55: é4l. ' :

Rusch, G.M., et al. 1977. Benzene metabolism. Jour. Toxicol. ‘Environ.
‘Health Suppl. 2: 23.

Sellyei, M., and E. Kelemen. 13971. Chromosome study in a case of granu-
locytic leukemia with "Pelgerlsatlon' 7 years ‘after benzene pancytopenia.
Eur. Jour. Cancer 7: 83.

Shahin, M.M. 1577. Unpublished results. The University of Alberta,
Canada. Cited in Mutat. Res. 47: 75. '

Simmon, V.F., et al. 1977. Mutagenic activity of chemicals identified in
drinking water. 2nd Int. Conf. Environ. Mutagens, Edinburgh, Scotland,
duly, 1977. . .

Smolik, R., et al. 1973. . Serum complement level in workers exposed to ben-
zene, toluene and xylene. Int. Arch. Arbeitsmed. 31: 243.

Snyder, h., and J.J. Kocsis. 1975. Current concepts of chronic benzene
toxicity. CRC Crit. Rev. Toxicol. 3: 265.

‘ Srbova, J., et al. 1950. Absorption and elimination of inhaled benzene in
man. Arch. Ind. Hyg. 2: 1.

Teisinger, J., et al. 1952. The metabolism of benzene in man. Procovni
Lekarstvi 4: 175.

U.S. EPA. 1976a. Health effects of benzene: A review. U.S. Environ. Prot.
Agency, Washlngton, 0.C.

U.S. EPA. 197&h. Air pollution assessment of benzene. Contract No. EPA
68-02-1495. Mitre Corp. .

U.S. EPA. 1977a. Sampling in vicinity of benzene production and consump-
tion facilities. Preliminary report to Off. Tox. Subst. Battelle-Columbus.
Laboratories.

U.S. EPA. 1977b. Benzene health éfFects assessment. U.S. Environ. Prot.
Agency, Washington, D.C.

U.S. EPA. 1978. Environmental sources of benzene exposure: source contri-
bution factors. Contract No. 68-Q1-4635, Mitre Corp.

;5-/f | 000188
25 R



U.S. EPA. 1979. Benzene: Ambient Water Quality Criteria. (Oraft).

vigliani, E.C., and A. Forni. 1976. Benzene and leukemia. Environ. Res.
“11: 122,

vigiiani, E.C., and-G. Saita. 1964. Benzene and leukemia. New England
Jour. Med. 271: 872.

Watanabe, G.I., and S. Yoshida. 1970. The teratogenic effects of benzene
in pregnant mice. Act. Med. 8iol. 19: 285. ‘

Weast, R.C. 1972. Handbook of chemistry and physics. The Chemical Rubber
Co., Cleveland, GOhio.

Wolf, M.A., et al. 1956. Toxicological studies of certain alkylated ben-
zenes and benzene. Arch. Ind. Health 1l4: 387.

-\

15-16 000189




@Q?%@@:

No. 16

Benzidine

Health and Eavironmental Effects

U.S. ENVIRONMENTAL PROTECTION AGENCY
' WASHINGTON, D.C. 20460

APRIL 30, 1980 . .

e 000190



DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. :
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SPECIAL NOTATION

~

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
benzidine and has found sufficient evidence to indicate that

this compound is carcinogenic.
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BENZIDINE
Summary
Benzidine is a known carcinogen and has been linked to an in-
creased incidence of bladder cancer in humans and to cancers and
tumors in experimental animals. Benzidine is mutagenic in'the'Ames
assay and givés positive fesults in a test measuring DNA synthesis

inhibition in HeLa cells.

Pertinent data could not be located in-.the available litera-~
ture concerning the toxic effects of benzidine to aquatic organ-~

isms.
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BENZIDINE 4 ’ .

I. INTRéDUCTION

Benzidine (4,4'-diaminobiphenyl) is an aromatic amine with
a molecular weight of 184.24. It exists at environmental tempera-
ture as a grayish-yellow, white, or réddish-gray crystalline’
powder. Its melting point is,lZSOC, and its boiling point 1is
400°c. | Benzidine's amino groups have pKa values of 4.66 and
3.57 (Weast, 1972). Two;ahd one-half liters of cold water will
dissolve 1 g of benzidine, and its soiubility increases as water
températures rise. Dissolution into organic solvents greatly
increases solubility. ABenzidine i;méasily converted to and from
its salt. Diazotization teactions involving benzidine will result
in colored compounds thch are used as.dyes in industry (U.S.
EPA, 1979).
II. EXPOSURE

A. Water _

Residential water supplies could be contaminated with
benzidine and its derivatives if the industrial effluent contain- -
ing these chemicals were discharged into water supplies, however,
to date U.S. EPA (1979) £finds no reports 6fvsuch contamination.

B. Food v )

While_food_may become contaminated with benzidine due to
poor indﬁstrial hygiene, U.S. EPA (1979) reports that the ingestion
of contaminated food is not a real contribution to benzidine toxi-

city.



The U.S. EPA (1979) has estimated a weighted average
bioconcentration factor (BCF) of 50 for benzidine, on octanol/water
partition coefficients and other factors.

C. Inhalation

Due to poor industrial hygiene and the use  of open sfs-
tems in the early days of the chemical and‘dye industries, inhala-
tion was formerly a principal route of entry for benzidine and its
derivatives into the bo@y. At present workers wear respirators and
protective clothing to avoid exposure when cleaning equipment
(Haley, 1979).

D. Dermal
Skin absorption is the most important route for entry of

benzidine into the body. Intact skin is easily penetrated by the

powdery benzidine base and is penetrated less readily by 3,3'-di-

methoxybenzidine and 3,3'-dichlorobenzidine. High environmental

air temperatures and humidity increase skin absorption of benzi-
dine, 3,3'-dimethoxybenzidine, '3,3'~dichlorobenzidine, and 3,3'-
dimethylbenzidine (U.S. EPA, 1979).
III. PHARMACOKINETICS
A. Absorption and“Distribution

Bénzidine is rapidly absorbed into the bodies of intra-
veneously injected rats, with maximum concentrations of free
and bound benzidine occur;ing at two and three hours, respectively.
The highest concentration of benzidine was found in the blood
followed by the liver, kidney,.spleen, heart, and lung (Solocimskaya,
1968). Four hours after rats received intraperitoneal injections
of 100 mg benzidine/kg, high concentrations of the compound were

found in the stomach, stomach contents, and small intestine;

V4
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i2 hours after édministration, benzidine was found in the small
intestine and its contents. Benziaine levels in the liver, the’
térget orgaﬁ for toxicity in the rat, remained‘relatively high’
and constant throughout the l12-hour period. The conjugated material,
indicative of the presence of metabolites, was high in urine .
and tissues at 12 hours (Baker and Deighfon, 1953). In rats
given. 20 mg of 3,3'-dimethylbenzidine subcutaneously once a week
for eight weeks; amines were concentrated in the Zymbal's gland,
followed by the kidney, omentum, spleep, and liQer (Pliss and
zabezhinsky, 1970). '
B. MetaSolism and Excretion

The urine of humans exposed to benzidine contained a num-
ber of metabolites: N-hydrokyacetyiamino benzidine, 3-hydroxy5en?
zidiPe, 4-amino-4-6xybiphenyl, and mono- and diacetylbenzidine
(Engelbertz and Babel, 1953; Troll, et al. 1963; Sciafini and
Meigs, 1961; Vigliani and Barsotti, 1962), ‘Benzidine metabolites
in other species generally differ considerably from ‘thbse in
humans; although 3-hydroxybenzidine and its conjugation products
are common to both animals and humané'(Haléy, 19795).

' The half-life of benzidine in blood was 68 hours for
the rat and 88 houfs for the dog. Rats, dogs, and monkeys ex-
'crefed 97, 96, and 83 percent, respectively, within one week
of an 0.2 mg/kg dose of benzidine. The respective e#cretion
rates for 3,3'-dichlorobenzidine were 98, 97, 88.5 percent.
Dogs and monkeys excreted free benzidine in the urine and dichloro-

benzidine in the bile while rats excreted both compounds via

the bile (Kellner, et al. 1973).
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Workers exposed to benzidine, who perspire freely and

have wet skin, contain a higher concentration of benzidine in the

urine (U.S. EPA, 1979).
IV. EFFECTS
A. Cércinogenicity

Benzidine is ‘a proven human carcinogen. Its primary site
of tumor induction is the urinary bladder (U.S. EPA, 1979).

‘ Workers exposed to benzidine have a carcinogenicity risk
14 times higher than that of the unexposed population (Case, et al.
1954). The incidence of bladder tumors in humans resulting from
occupational exposures to aromatic amines (benzidine) was first re-
searched in Ge?many in 1895. 1In the United States, the first cases
of this condition were diagnosed in 1931 and reported in 1934.

A number of studies document the high incidehce dE blad-
der tumors in workers exposed to benzidine and other aromatic
amines (Gehrman, 1936; Case, et al. 1954; Scott, 1952; Deichmann
and Gerarde, 1969; Bamblin, 1963; Rye, et al. 1970; Int. Agency
Res. Cancer,'1972; Riches, 1972; sSax, 1975; Zzavon, et al. 1973;
Mancuso and El-Attar, 1966, 1967; Kuzelova, et al. 1969; Billiard-
Duéhesne, 1960; Vigliani apd Barsotti, 1962; Forni, et al. 1972;
Tsuchiya, et al. 1975; Goldwater, et al. 1965). 1Initial exposure
concentration, exposure duration, and years of survival following
exposure as well as workbhabits and personal hygiene are: involved
in the development of carcinomas where benzidine appears to be im-
plicated (Rye, et al. 1870).

Benzidine has also produced carcinogenic effect§ or

tumors in the mouse (hepatoma, lymphoma), the rat (hepatoma,

A
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éarcinoma‘of the Zymbal's glénd, adenocarcinoma, sarcoma, mammary
gland carcinoma), the hamster (hepatoma, liver cafcinoma, chol-
angioma), the rabbit (bladder tumor, gall bladder tumor) and
the dog (bladder tumor) (Haley, 1975).

At present, there is no evidence indicating that 3,3{—di-
methylbenzidine, 3,3'-dimethoxybenzidine, or 3,5'-dichlorob§nzi—
'dine are human bladder carcinogéns {Rye, et al. i970). )

B. Mutagenicity

In the Ames test, benzidine is mutagenic to Salmonella

typhimurium strains TA1537, TA1538, and TA98. Benzidine produces

positive results in a DNA synthesis inhibition test using Hela
cells (Ames, et al. 1973; McCann, et al. 1975; Garner, et al. 1975;
'U.S. EPA, 1978; U.S. EPA, 1979).

c. Teratogenicity )

No teratogenic effects of benzidine have been reported in
humans. Mammary gland tumors and lung adenomas occurred in progeny
of female mice that received 8 to 10 mg of 3,3'-dimethylben£idine
in the last week of pregnancy. The tumors may have resulted from
transplacental transmission of the chemical or from its transfer to
neonates in milkAffom-dosed méthers'(Golub, et al. 1974).

D. Other Reprodutive Effects

Pertinent data could not be located in the available
literature.

E. . Chronic Toxicity

Glomerulonephritis and nephrotic syndrome were produced
in Sprague-Dawley rats fed 0.043 percent N,N'-diacétylbenzidine, a
metapolite of benzidine, for at least two months (Harman, et al.

1952; Harman, 1971). Glomerulonephritis also developed in rats fed
_.2/ . . ‘ = . - - -
-TT-
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benzidine (Christopher and Jairam, 1970), and in rats receiviang in-

jections either 100 mg subcutaneously or 100 or 200 mg intraper-

tioneally of N,N'-diacetylbenzidine. The severity of the lesions.

in the later study was dose-related (Bremner and Tange, 1966).
Mice fed 0.0l and 0.08 percent benzidine dihydrochloride
exhibited decreasea carcass, liver, and kidney weights,-incréased
spleen and thymus weights, cloudy swelling of the liver, Qacuolar
degeneration of the renal tubules, and hyperplasia of the myeloid
elements in the bone marrow and of the 1ympho}d cells in the splgen
and thymic cortex. There was a doée dependgpt weight loss of 20
percent in malés and 7 percent in females (Rao, et al. 1971).
F. Other Rele&ant‘Information
Dermatitis, involving both benzidine and its dimethyl
derivative, has been reported in workers in the benzidine dyestuff
industry. Individual sensitivity played a large role in the de-
velopment of this condition (Schwartz, et al. 1947).
v. AQUATIC TOXICITY
Pertinent data coula not be located in the available litera-
ture concerning the toxic effects of benzidine to aquatic organisms.

VI. EXISTING GUIDELINES AND STANDARDS

Both the human health and aquatic criteria derived by U.S.

EPA (1979), which are summarized below, have not yet gone through
the process of public review; therefore, there is a possibility
that these criteria may be changed.

A. Human

[

The ambient water concentration standard for benzidine

is zero, due to potential carcinogenic effects of ‘exposure to

7
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benzidine by ingestion of water_and.contamiﬁated aguatic organisms.
U.S. EPA may set standards at an interim target riskilevel in
the range of 1073, 107%, or 1077 with respective co;responding:
criteria of 1.67 x 107> pg/l, 1.67 x 107%, and 1.67 % 1075 pg/1.

B. Aquatié | '
 Criteria for the protection of freshwater or marine
agquatic organisms were not drafted, due to a lack of toxicological

evidence (U.S. EPA, 1979).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-~
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents,
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental imsacts presented by the
subject chemical. This document has undergone scrutiny ¢to
ensure its technical accuracy.
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
benz(a)anthracene and has found sufficient evidence to indi-

cate that this compound is carcinogenic.
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BENZ (a) ANTERACINE i ‘
SUMﬁARY

Benz(a)anthracene is a member of the polycyclic aro-
matic hydrocarbons (PAH) class. Altzough the PAH class
contains several well-known potent carcinogens, benz(a)an-
thracene displays only weak carcinogenic activity. Benz(a)-
anthracene apparently does not display remafkable acute
or chronic toxicity other than the capability to induce
tumors on the skin of mice. Although exposure to benz(a)-
anthracehe ;n the environment occurs in conjunction with
exposure to other PAH, it is not known how these compounds
may interact in human systems. Furtkermore, the.specific
effects of benz(a)anthracene in humans are not known.

The only toxicitf”é‘éta for any‘of the polycyclic aro- ‘
matic hydrocarbons is an 87 percent xortality of freshwater

fish exposed to 1,000 pg/l benz(a)anthracene for six months.
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This profile is based primarily on the Ambient Water

I. INTRODUCTION

Quality Criteria Document for Polynuclear Aromatic Hyérocar-
bons (b.s. EPA, 1979%a) and the Multirzaéia Health Assessment
Document for Polycyclic Organic Matter (U.S. EPA, .1979b).

Benz(a)anthracené (Clsﬂlz) is one of the family of

polycyclic aromatic hydrocarbons (PARE) formed as a result
of incomplete combustion of organic material. Benz(a)anthra-
cene has the following physical/chemical properties (U.S.

EPA, 1979b):

Melting point: 159.5-160.5%
Boiling Point: 400°¢ e
Vapor Pressue: 1.1C x 10 torr

PAH, including benz(a)anthracene, are ubiquitoﬁs in
tbe environment, being found in'ambiené air, foeod, water,
soils, and sedimentl(atg.‘EPA, 19795). The PAH cléss con-
‘ ~ tains a number cf.potent carcinogens (e2.g9., benzo(2)pyrene),
weak carcinogens (e.g., benz(a)anthracene), and cocarcino-
-gens (e.g., fluoranthene), as well as numerous non-carcino-
gens (U.S. EPA, 1979b).
PAH which contain more than three rings (such as benz(a)-
anthracene) are relatively stable in the environment, and
may -be transported in air and Qéter by adsorption to particu-
laté matter. Ho&ever, biodegradation and chemical treatment
are effective in eiiminating most PAE in the environmént.

The reader is referred to the PrH Hazard Profile for

‘a more general discussion of PAH (U.S. EPA, 1879¢c).
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II. EXPOSURE
. A, Water

Benz(a)anthracene levels in suriace waters or
drinking water have not been reportec. Eowever, the concen-
tration of six representative PAH (nct including benz(a)-
anthracéne) in U.s. drinking water averaced 13.5 ng/l (Basu
and Saxena, ;977, 1978).

B. Food

Beni(a)anthracene has been detected in a wide
variety 9f foods inciuding margarine (up to 29.5 ppb), smoked
fish (up to 1.7 ppb), yeast (up to 2C3 'pr>3), and cocked
or smoked meat (up to 33.0 ppb) (U.S. =2k, 197%a). The '
total intake of all types of PAH thrcuch the diet has been
estimated at 1.6 to 16 pg/day (U.S. E®:, 1979b). The U.S.
EPA (1979a) has estima:;é the biqcoﬁce:tration factor for
benz(a)anthracene to be 3,100 for the edible portions of
fish and shellfish consumed by Americans. This estimate
is based on the octanol/water partitior coefficient of btenz-
(a)anthrécene.

c. Inhalation’

Benz(a)anthracene has been repeatedly detected
in ambient air at concentrations rancing from 0.18 to 4.6 .
ng/m? (U.S. EPA, 1979a). Thus, the tuman daily intake of
benz (a)anthracene by inhalation of aczbient air may be in

the range of 3.42 to 87.4 ng, aésumin; tkat a human breathes
3

19 m” of air per day.
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III. PHARMACOKINETICS

‘ There.l are no data available concerning the pharmaco-
kinetics of benz(a)anthracene, or otherAPAH, in humans.
Nevertheless, it is possible to make limited assumétions
based on the results of animal research conducted with sev-
eral PAH, particularly bengo(a)pyrene. |

A. Absorption | |
The absorption of benz(a)anthracene in humans
has not been studied. However, it is known (U.S. EPA, 1979a)
that, as.é class, PAH are well-absorbed across the respira-
tory and gastrointestinal epithelia. 1In particular, benz(a)-
" anthracene wgs réported to be readily transporteé across

the gastrointestinal mucosa (Rees, et al., 1971). The high
lipid solupility of compounds in the PAH class supports

b ———

o this observation.
' _ | B. Distribution

 ‘ B ' The dist:ibution of benz(a)anthracene in mammal§
has not been studied. Hoyéve:, it is known (U.S. EPA, 1l979%a)
'thét other PAH are widely distributed throughout the body
following theiz-absorption.in experimental rodents. Rela-
tive to other tissues, PAH tend to localize in body fat
and fatty tissues (e.g., breast).

c. Metaboiism
Benz(a) anthracene, like other PAH, is metabolized

by the microsomal mixed-function oxidase enzyme system in
mammals (U.S. EPA, 1979b). Metabolic attack on cne or more

of the aromatic double bondé leads to the Eqrmation of phenols

- &
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and isomeric dihydro&iols by the iniermediate formation
of reactive epoxides. Dihydrodiols are further metabplized
by microsomal mixed-function oxidases to yield diol epoxides,
compounds which are known to be biologically reactive inter-
mediates for certain PAH. Removal of activated intermeaiates
by conjugation yith glutathione ot glucuronic acid, or by
further metabolism to tetrahydrotetrols, is a key stép inj
protecting the organism from toxic interaction with cell
macromolecules. . ~
D. Excretion

The excretion of benz(a)anthracene by mammals
has not been-studied. Bowever, the excretion of closely
related PAH is rapid and occurs mainly via the feces (U.S.
" EPA, 1979a). Elimination in the bile may account for a
significant pe:centageﬁgk administefed PAR. However, the
rate of disappearance of various PAH from the body and
the principal routes of excretion are influenced both by
the structure of the parent compound and the route of admini-
 stration (U.S. EPA, 1979a). It is unlikely that PAH will
accumulate in the body wiﬁh chronic low-level exposures.
IV. EFFECTS ‘

A. Carcinogenicity

Benz(a)ﬁnthracede is. recognized as a weak carcino-

gen in mammals (U.S. EPA, 1979%a,b). It is a tumor initiator

on the skin of mice, but failed to yieid significant results

in the strain A mouse pulmonary tumor bicassay system.
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B. Mutagenicity |
Benz(a)anthracene has shown weak mutagenic activity
in several test system, including Ames Salmonella assay,
somatic cells in culture, and sister chromatid exchange
in Chinese bamster cells (U.S. EPA, 1979b). '
Cc. Teratogenicity
Pertinent data could not be located in the avail-
able literature concerning the possiblé teratogenicity of
benz(a)anthracene. Other related PAE are Epparently ﬁot
significghtly teratogenic in mammals (G.S. EPA, 197%9a).
D. Other Reproductive Effects '
Pertinentbdata could not be located in the avail-
able literature. |
| E. Chronic Toxicity
The chronic toxicity of benz(a)anthracene has
not been extensively studied. The repeated injection of
benz(a)anthracene in mice for 40 weeks (total dose, 10 mg.)
had little apparenﬁ efféct on longevity or organ weights
(U.S. EPA, 1979b).
V.  AQUATIC TOXICITY
A. Acute
Pertinent data could not be located in the avail-
able information.-
B. Chroenic _
No standard chronic toxicity data have been pre-
sented on freshwater or marine species. The only toxicity’

data available for benz(a)anthracene foi fish is an 87 per-
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cent mortality on the freshwater blde;ill sunfish, Lepomis

macrochirus, exposed to 1,000 pg/l fcr six months (Brown,

et al., 1975).
c. Plant Effects
Pertinent data could not be _ocated in the avail-
able information. |
VI. EXISTING GUIDELINES AND STANDARLCS
Neither the human nor the agquatiz criteria derived
by U.S. EPA (l1979a), which are summarized below, have gone
through the process of review; therefsre, there is a pos-
sibility.that these criteria will be zzanged.
a. Huﬁan
There are no established expcsure criteria for
benz (a)anthracene. However, PAH as 2 class are regulated
by several autho:ities?*-The World Health Organization (15970)
has recommended'that ;he concentratica of PAH in drinking
water kmeasured as the total of fluorarmthene, benzo(g,h,i)~-
perylene, benzo(b)fluoranthene, benzc{<)fluoranthene, indeno-
(1,2,3-cd)pyrene, and benzo(a)pyrene) =ot to exceed 0.2
Fg/l. Occupational exposure criteriz zave been established
for coke oven emissions, coal tar prciucts, and coal tar
pitch volatiles, all of which.contain Zarge amounts of PAH
including benz(a)énthracene (U.S.'EPA, 1979a)..
The U.S. EPA (1979a) draft :eccmmenaed criteria
for PAE in water ére based upon the ex:rapblation of animal
carcinogenicity data for benzo(a)pyrexzs and dibenz(a,h)antﬁ:a-

cene.
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B Aquatic
‘ Data were insufficient to propcse criteria for

freshwater or marine environments.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents,
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. -
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
benzd(b)fluoranthene-and has found sufficient evidence to

indicate that this compound is carcinogenic, .
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BENZO(b) FLUORANTHENE . ‘
SUMMARY

Benzo(b)fluoranthene is a member of the polycyclic arc-
matic hydrocarbon (PAH) class. Numerous compounds in the PAH
class are well known for their carcinogenic effects in ani-
mals. Benzo(b)fluoranthene is carcinpgeﬂic to ﬁhe skin of
mice and produces sarcomas when injected in mice. Very
little is known concerning the non-carcinogenic effects pro-
~duced by chronic exposure to benzo(b)fluotanthene. Although
exposure to benzo(b)fluoranthene in the environment occurs in
conjunction'with exposure to other PAH, it is not known how
these compounds may interact in human systems. Furthermore,

the specific effects of benzo(b)fluoranthene in humans are

not known.
Standard acute or chronic toxicity testing for agquatic .

organisms has not been found in the available literature.

‘L 000219
) &-¢ -




007290

. BEN20(b) FLUORANTHENE
I. INTRODUCTION -

This profile is based primarily on the ambient Water
Quality Criteria Document for Polynuclear.Aromatic Hydrocar-
bons (U.S. EPA, 1979a) and the Multimedia Health Assessment
Documentlfqr Polycyclic Organic Matter (U.S. EPA, 1979b)..

Benzo(bffluoranthene (CopHy;) is one of the family
of polycyclic aromatic hydrocarbons (PAH) formed as a result
of incomplete combustion of organic materjal. 1Its phfsical/
chemical properties have not been well-characterized, other
than a reported melting point of 167°C (U.S. EPA, 1979b).

PAH, including benzo(b)fluoranthene, are ubiquitous in
the environment, béing found in ambient air, food, water,
soilé, and sediment (U.S. EPA, 1979b). The PAH class con-
tains a number of potent carcinogens (e.g., benzo(a)pyrene),

‘ moderately active c'arcinogens (e.g., benzo(b)fluoranthene),
weak carcinogens (e.g., benz(a)anthracene), and cocarcinogens
(e.g.} fluoranthene), -as well as numerous noncarcinogens
- (U.S. EPA, 1979b).

PAB which contain more than three :fhgs (such as benzo-
{b)£luoranthene) are relétively stable in the, environment and
may be transported in air and water by adsorption to particu-
lar matter. However, biodegradation and chemical trea:mentA
are effective in eliminating most PAH'in the environment.
Refer to the PAH Hazard Profile (U.S. EPA, 1979¢c) for a more

»

general treatment of PAH.
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II. éXPOSURE
A, Water -

In a monitoring survey of U.S. drinking water, Basu
and Saxena (1977, 1978) were unable to detect benzo(b)fluor-
anthene; However, the concentration of six representative
PAH (fiuoranthene, benzb(a)pyrene, benzo(g h. i)perylene,
benzo(j)fluoranthene, benzo(k)fluoranthene, indeno(1l,2,3-cd)
p?;ene) averaged 13.5 ng/l.

B. Food

Levels of benzo(b)flubranthene have not been re-
ported for focd. However, the total intake of all types of
PAH through the diet has been estimated at 1.6 to 16 pg/day
(U.S. EPA, 1979b). The U.S. EPA (1979a) has estimated the
weighted average bioconcentration factor of benzo(b)flﬁor-
anthene to be 6,800 for the edible portion of -fish and shell-
fish consumed by Americans. This estimate is based on the
octanol/water partition coefficient of benzo(b)fluoranthene.

c. Inhalation

Benzo(b)fluoranthene has been detected in ambient
air at concentratiéns ranging from 0.1 td 1.6 ng/m3 (Gordon
and Bryan, 1973). Thus, the human daily intake of benzo(b)-
fluoranthene by inhalation of ambient air may be in the range
of 1.9 to 30.4 ng, assuming that a human breathes 19 m3 of
air per day.

ITI. PHARMACORINETICS
- Pertinent data could not be located in the available
literature concerning the pharmacokinetics of benzo(b)fluor-

anthene, or other PAH, in humans. Mevertheless, it is pos-
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sible to make limited assumptions based on the reéults_of
animal research conducted with several PAH, particulg;ly
benzo(a)pyrene.
A. Absorption
"~ The absérption of benéo(b)fiuoranthene in humans or

other animals has not been studied; Bowever, it.is'known
.(U.S.'EPA, 197§a) that, as a class, PAH are wéll-absérbedi
across the respiratory and gastrointestinal epithelia. The

high lipid solubility of compounds in the PAHE class supports

N

this observation.

B. Distribution

'fhe distribution of benzo(b)fluorénthéne:in mammals

has not been'studied. ‘Bowever, it is known (U.S. EPA, 1979a)
that other PAH are widely distributed throughout the body
following théir absorption in experimental rodents. Relativé
to other tissqes, PAH tend to loéélize in body fat and fatty
tissues (e.g;, breast). V ' | »

c. Metabolism-

| The metabolism of benzo(b)fluoraﬁthene_in mammals
has not been étu@ieds Benzo(b)fluoranthene, like other PAH,
is most likely metabolized by ﬁhe microsomal mixed-function
oxidase enzyme system in mammals (U.S. EPA, 1979b). Meta-
“bolic attack on oné or more of the aromatic double bonds
leads to the formation of phenols and isomeric dihydrodiols
by the-intermediaté-formation of reactiQevepoxides. bihydro-
diols are further metabolized by microsomal mixed-function e
ox idases to yield diol epoxides, compounds which are known to
be biologically ieactive intermediates for certain PaH. Re-

moval of activated'intermediates by conjugation with gluta-
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thione or glucurconic acid, or by'further metabolism to tetra-
hydrotetrols, is a key step in proteciing the organism from
texic interaction with cell macromolecules.
D. Excretion
The excretion of benzo(b)fluoranthene by mammals
has not beén studied. However, the excretion of ciosély re=—
laﬁed PAH is rapid and occurs mainly via the feces (U.S. EPA,
1979a). Elimination in the bile may account for a signifi-
cant percentage of administered PAH. It is unlikely that PAH
will accumulate in the body with chronic low-level exposureé.
IV. EFFECTS
A. Carcinogenicity
Benzo(b)fluoranthene is regarded as a moderately
active carcinogen (U.S. EPA, 1979b). It is carcinéggnic by
skin painting on mice, and by subcutaneous injection in mice
'(U.S. EPA, 1979b; LaVoie, et al. 1979). The sarcomagenic
potency of benzo(b)fluoranthene is similar to that of benzo-
(a)pyrene (Buu-Hol, 1964). |
B. Mutagenicity
Benzo(b)fluoranthene is mutagenic in the Ames Sal-
monella assay in the presence of a microsomal activating sys-
tem (LaVoie, et al. 1979). It is also positive in the induc-
tion of sister-chromatid exchanges by intraperitoneal injec-
-tion in Chinese hamsters (U.S. EPA, 1979b).
c. Teratogenicity
Pertinent data could not be located in the litera-

ture available concerning the possible teratogenicity of
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benzo(b) fluoranthene. Other related PAH are apparently not
‘ significantly teratogenic in mammals (U.S. EPA, 1979%a).
D. Othgr Reproductive Effects |
Pertinent information could not be located in the
availablelliteratufe. ‘
“E. Chronic Toxicity
Published data are not available regarding the nén;
carcinogenic chroﬁic effects of benzo(b)fluoranthene. It is
.known, however, that exposure to carcinogenic PAH may‘produce
 widespread tissue damage as well as selective.destruction of
" proliferating tissues'(e.g., hematopoietic and lymphoid sys-
tems) (U.S. EPA, 1979a).
v. AQUATIC TOXICITY

Pertinent information could not be located in the avail-

able literature. _
’ vVI. EXISTING GUIDSLINES AND STANDARDS
| A, Human
There areAno established exposure criteria for

benzo(b)fluoranthene. However, PAH as a class are regulated

v

by several authoriﬁies. The World Health Organization has
recommended that the concentration of PAH in drinking water
{measured as the total of fluoranthene, benzo(g,h,i)peryleﬁe,
benzo(bffluoranthene, behzo(k)fluorantbene, indeno(l,2,3-cd)
pyrene, and benzo(a)pyrene) not exceed 0.2 ug/l. Occupa-
tionai exposure criteria have been established for coke oven
emiésions, coal tar products, and coal tar pitch voiatiles;
all of which contain large amounts of PAH iﬁcluding benzo(b)-

fluoranthene (U.S. EPA, 1979a). )
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The U.S. EPA (1979%a) draft recommended criteria for
PAH in water are based upon éhe extrapolation~of animal car-
cinogenicity data for benzo(a)pyrene and dibenzo(a,h)anthra-
cene.
B. Aguatic

The criteria for freshwater and marine life have

not been drafted (U.S. EPA, 1979a).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards £rom exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical acgcuracy.
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
benzo(a)pyrene and has found sufficient evidence to indicate

that this compound is carcinogenic.’
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EENZO(a)PYRENE

Summary -

The first chemicals shown to be involved in the develcpment of cancer
belong to the polynuclear aromatic hydrccarbons (PAH) class. Senzo(a)pyrene
is the most widely recognized and extensively studied of all carcinogenic
PAH. It is among the most potent animal éarcinogens known and producés
tumors in virtually all species by all routes of acministration. |

Since humans are never expased to only benzofa)pyrene in the environ-
ment, it is not possible to attribute'human carcers solely to exposure to
benzo(a)pyrene. However, numerous epidemioloéic studies support the belief
that carcinogénic PAH, including ben;p(a)pyrene, are also human carcinocens.

‘Measured steady-state bioconcentration factors are not available for
freshwdter'or saltwater aguatic species exposed to benzo(a)pyrene. Standarc
toxicity data for freshwater and saltwater aquatic life have not been re-

ported.




7290
I.  INTRCDUCTION .

This profile is based on the Ambient Water Quality Critaria Document
for Polynuclear Aromatic Hydrocarbons (U.S. EPA,- 1979a) and the Multimedia
Health Assessment Oocument for Polyecyclic Crganic Mattei' (u.s. 'EFA, 197%0).

Benzo(a)pyrene (C20H12)‘ is oﬁe of the family of poiynuclear arcmat-
ic hydi'ccamons (PAH) formed as a result of inccmplete compustion of organic
‘n;ateri'al. Its physical and chemical properties Have not beén weli-c_'narac-
terized, other than a reported melting point of 178.8-179.3% and a vapor
pressure of_5.49 x 10"9. mm Hg (U.S. EPA, 197%0). ° .

PAH, including benzo(a)pyrene,. are ubiquitous in the envirorment, being

found in ambient air, food, ‘water,  soils -and sediment (U.S. EPA, 1575a).

The PAH class contains a number of potent carcinogens (e.g., benzo(a)py-

‘rene), moderately active carcinogens (e.g., benzo(b)fluoranthene),_weak car-

cinogens (e.g., benz(a)anthracene), and cocarcinogens (e.g., fluoranthene),
as well as numercus noncarcinogens (U.S. EPA, 1975a).

PAH .which contain more than three rings (such as cenzo(a)pyrgne) are

_relatively stable in the envircrment and may te transported in air and - .

water by adsorption to paﬁrticulate» ma'tter.' However, biogegradaticn and
chemit:ai treatment are effective in eliminating most PAH in the envircnmenf.
11, EXPOSURE |

A. ‘water

Basu and vSaxéna (1977, 1978) have monitored various United States

drinking water supplies for the presence of PAH, including benzo(a)pyrene.

They reported that the average level of benzo(a)pyrene in drinking watesr was

0.55 nancgrams/liter. This would result in a human daily intake of benzo-

(a)pyrene from watar of about 0.0011 ug.




8. Foad

Benzo(a)pyrene has been cetected in a wide variety of fcods by
numerocus investigators (U.S. ZPA, 1979a). Benzo(a)pyrsne levels are espe-
cially high' in cooked or smoked meats, where in certain cases (i.e., char-
coal-broiled steak) concentrations as high as 50 ppb have besn reported
(Lijinsky and Ross, 1967). It has been estimated (U.S. EFR, 1979) that the
daily dietary intake of benzo(a)pyrene is about 0.16 to 1.5 ug, and total
PAH intake is about 1.6 to 16 pg. The U.S. EPA (1979a3) nas estimated tre

weighted average bioconcentration factor for benzo(a)pyrene to be 6,800 for

the edible portions of fish and shellfish consumed by Americans. 'This esti-

mate is based on the octanol/water partition coefficient for benzo(a)pyrene.
C. Inhalation '

Benzo(a)pyrene levels have been routinely monitored in the ambient
atmosphere for many years. The average urban-rural ampoient benzo(a)pyrené
cancentration in the United States has been estimated at 0.5 nanograms/m3
(U.s. EPA, 197%9a). Thus, the human daily intake of benze(a)oyrene by inhala-
tion of ambient air is atout 9.5 nanogi‘ams, assuming that a human breathes
about 19 m3 of air per day.

III. PHARMACOKINETICS
"Pertinent data could -not be found in available literature concerning
the pharmacokinetics of benzo(a)pyrene, or other PAH, in humans. Neverthe-
less, it is possible to make limited assumptions based on the results of
animal research conducted with several K PAH, particularly benzo(a)pyrené; ,
A. Absorption

Toxicity data indicate that, as a class, PAH are capable of passacge

across epithelial membrames (Smyth, ef. al. 1962). In particular, benzo(a)-

pyrene was reoported to be resoily transportad ascross the intestinal mucosa

00023e -

19-6




007290
(Rees, et al. 1971) and the respiratory membranes (Kotin, et al. 1969; Vai-
nick, et al. 1976). o
B. Oistribution

Benzo(a)pyfene'beccmes localized in a wide variety of body tissues
following its absorption (Kotin, et al. 1969). Due to its high l;pia solu-
hility, benzo(a)pyrene localizes primarily in body fat anq fatty tissues
(e.g., breast) (Schlede, et al. 1970a,b). I . '
 ¢. Metabolism |

The metabolism of benzo(a)pyrene. in mammals has been studied in
great detail (U.S. EPA, 197%9a). Benzo(a)pyrene, like other PAH, is metabo-
lized by the- microsomal mixed function oxidase enzyme system in mammals

(U.S. EPA, 1979h). Metabolic attack on one or more of the aromatic rings

leads to the formation of phenols and isomeric dihydrodiols by the interme-

. diate formation of reactive epoxides.l Dihydrodiols are further metabolized

cy microsomal mixed function oxidases to yield dicl epoxides, ccmpounds
which are known to be ultimate carcinogens for certain PAH. | Removal .of
activated intarmediates by conjugatien with glutathiorme or glucufoﬁic acic,
or by further metaboiisn to tetrahydrotetrols, is a key step in protecting
the organism from toxic inte:action with cell macromolecules,

0. Excretion

The excretion of benzo(a)pyrene by mammals has been studied oy sev-

eral groups of’investigators. In general, the excretion of benzo(a)pyrene

and telated PAH is rapid, and occurs mainly via the feces (U.S. EPA, 157%s;
Schlede, et al. 1970a,b). Elimination in the bile may account for a signi-
ficant percentage of administered PAH. It is unlikely that PAH will accumu-

late in the body as a result of chronic low-level exposures.
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IV. EFFECTS

A. Carcinogenicity

The carcinogenic activity of benzo(a)pyrene was first recognized

decades ago, and since that time it has become a laboratory standard for the

production of experimental tumors which Tesemble Human carcinomas in ani-

mals. The carcinogenic activity of penzo(a)pyrene is distinguished.dy sev- -

eral remarkable features: (1) it is among the most potent animal carcino-

gens known, producing tumors by single exposures to microgram quantities;.

(2) it acts both at tre site of application and‘ét organs distant to the
site of absorption; and (3) its carcinogenicity has been demonstrated in
nearly every tissue and sbecies tested, regardléés of the route of admini-
stration (U.S. EPA, 1979a).

Oral administration of benzo(a)pyrene to rodents can result in
tumors of the forestomach, mammary gland, ovary, lung,‘liver, and lymohoid
and hematopcietic tissues (U.S. EPA, 1979a). Exgosurs o0 nenzo(a)pyrere Sy
intratracheal instiliation in rocdents can also be an 2ffective means of pro-
ducing respiratory-t:act tumors (Feron, et al. 1973). In addition, benzo-
(a)pyrene has remarkable potency for the induction of skin tumors in mice 3y
direct dermal application (U.S. EPA, 1979%9a).

Numerous epidemiologic studies support the belief that carcincgenic
PAH, including benzo(a)pyrene, are resﬁonsible for'the procuctiﬁn oi human
cancers both in occupational situations and among tobacco smokers (U.S. EPA,
197%b).

8. Mutagenicity

Senzo(a)pyrene gives positive results in rearly all mutagenicity
test systems including the Ames Salmonella assay, cultured Chinese hamster
. ~cells, the sister-chromatid exchange test, and the induction of ONA repair

synthesis (U.S. cPA, 197%a).
000<34
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C. Teratogenicity and Other Reproductive £ffects
Only limited data are available regarding the teratogenic effects
- of tenzo(a)pyrene or other PAH in animals. Benzo(a)pyrene had little effect
on fertility or fhe developing smbryo in several mammalian and non-mammallian
sﬁecies (Rigdon and Rennels, 1964; Rigdon and Neal, 19635).
' D. Chronic Toxicity
'as benzo(a)pyrene produced systemic toxicity as manifestad by an innibiticn
of body gtowth in rats and mice (Haddow, et al.. 137). The target organs
affected by cﬁrcnic administration of carcinogenic PAH are diverse, que
. partly to extensive distribution in the body and also to the selective de-
struction of proliferating cells (e.g., hematopoietic and lymphoid system,
intestinal epitheliuﬁ, testis) (Philips, et al. 1973).
Y.  AQUATIC TOXICITY |
Pgrtinenf~data could not te lccated in the available literature.
VI. EXISTING GUIDELINES AND STANDARDS
| Neither the human health nor the aquatic criteria derived by U.S. EPA
(19793)? wnich are summarized below, hgve gone through the nrocess of public
Vreview; therefore, there is a possibility that these criteria will oe
chénged. | |
A. Human
_There are no establishgd exposure standards sdecifically'for cenzo-
(a)pyrene. Howevér, PAH as a class are regulated by'several authorities.
The World Health Organizaticn (1970) has recommended that the concentration
vof PAH in drinking water (measured as the total of fluoranthene, benzo(g,h,-
i)pérylene,' benzo(b)fluoranthene, benzo(k)fluoranthene, irdeno(l,2,3-td)py-

rene, and tenzo(a)pyrene) not exceed 0.2 pg/l. Occupaticnal exposure cri-

{m | | 000235 |
] 9-§

As long ago as 1937, investigators knew that carcinegenic PARH such




teria have been established for coke oven emissions, coal tar products, and
coal tar pitch volatiles, all of which contain large. amounts of PAH in water ‘
based upon the extrapolation of animal carcinogenicity data for ben;o(a)py-
rene and dibgnz(a,h)anthracene. Levels for each compound are deriveg which

4

will result in specified risk levels of human cancer as shown in the table

below:
BaP__
Exposure Assumptions Risk Levels and Corresponding Draft Criteria
(per day)
g 10-7 10-6 10-3
2 liters of drinking water 0 0.097 c.97 9.7
and consumption of 18.7 ‘
grams of fish and shellfish.
Consumption of fish 0.44 4.45 44,46
and shellfish only.
- | o
[
Exposure Assumoticns . Risk Levels and Correspondirng Draft Criteria
(per day) :
g 10-7 1076 10-5
2 liters of drinking water 0 G.43 4,3 43
and consumption of 18.7
grams of fish and shellfish.
‘Consumption of fish 1.96 19.6 196

“and shellfish only.

8 Aquatic
Guidelines are not available for benzo(a)pyrene in aguatic environ-

ments.

TS - e 000236
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference dJocuments,
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the

subject chemical. This document has undergone scrutiny to

ensure its technical accuracy.
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BENZOTRICHLORIDE
Summary

Senzotrichloride has been shown to be mutagenic in a number of micro-
bial tests with and without metapolic activaticn.. One study has described
the carcinogenicity of benzotrichlaride in micé.' The lowest concentration
preducing a lethal effect (LC, ) has been reported at 125 ppm-for rats in-
haling benzotTichloride for four hours. Pertinent data for the zoxic

effects to aquatic organisms were not found in the available literature. ’

X
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I.  INTRODUCTION

Benzotrichloride (CAS registry number 98-07-7), is a colbrless, oily,
funing liquid. It is made by the free radical chlorination of boiling
toluene (Sidl, 1964; Windholz, 1976). Benzotrichlorice has the following
physical and chemical properties (Wingholz, 1976; Sidi, 1964):

Formula: C6H5813
Molecular weight: 195.48 -
Melting Paint: -56¢
. Boiling Point: 220.8%
' Density: 1.375620
4
Solubility: alcohol, ether, tenzene,

~ insoluble in water

Benzotrichloride 1is used extensi&ély in the dye industry for the
production of Malachite green, Rosamine, Quinoline red, and Alizarine ygllcw
A. It can also be used to produce ethyl.orthobenzoate (Sidi, 1964).

II. IXPCSURE
A, water
Senzotrichloride decompose in the presence of water to 5enzoic-anq
hvarcchloric acids (Wingholz, 1976).
8. Food
Pertinent data were not found in the available literature.
C. Inhalation
Pertinent data were not found in the available literature; how-
ever, significant exposure could :occur in the workplace from accidental
spills. Benzotrichloride decomposes in moist air to benzoic and hydro-
chloric acids (Wingholz, 1976). '
0. DOermal

Benzotrichloride is irritating to the skin (Winanolz, 1976).
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III. PHARMACOKINETICS

Pertinent pharmacokinetic data were not found in the available
literature. .
IV. EFFECTS

A. ~ Carcinogenicity ’

In a study by Matsushito and coworkers‘(l9?5), benzotrichlorice
waé found to induce carcinomas, leukemia, and papillcmas in mice. The de---
tails of the study were not available for assessment. | |
8. Mutagenicity

Yasuo, et al. (1978) tested the mutagenicity of several ;ompuunds
including benzotrichloride in microbial systems such as the rec-assay using

Sacillus subtilis, reversion assays using E. coli, and the Ames assay using

Salmonella tvuhimurium, with or without metabolic activation. Benzo-

trichloride was positive for mutagenicity -in the rec-assay and was highly
cositive on certain strains of £. gg_l_i_ and S. tvonimurium m the reversign
‘;ssay with metabolic activation. Wwithout metabalic activation, however,
senzotTichloride was only weakly positive in the latter assay.
C. Teratogenicity, Reproductive £ffects, and Chronic Toxicity
Perfinent data were not found in the available literatura.
0. Acﬁte Toxicity |
The lowest lethal concentration (LCLO)' for rats innaling benzo-
trichloride is 125 ppm for four hours (Smyth, et al. 1951).
Benzotrichloride was severely irritating to the skin of rabbits

that received dermal applications of 10 mg for 24 hours ang to the esyes of

rabbits that received instillations of 50 ug to the eye (Smyth, et al. 1951).
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V. AQUATIC TOXICITY
Pertinent data were not found in the available literature. _ ‘

VI. EXISTING GUICELINES AND STANDARDS
existing.quidelines and standards were not found in the available

literature.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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‘ _ BENZYL CHLORIDE

Summary

Benzyl chloride has been shown to produce carcinogenic effects in rats
following. subcutaneous administration and in mice following intraperitoneal
administratien. ; o ' '

Weak mutagenic activity of the compound has been demonstrated in the
Ames Salmonella assay and in E. coli.

There is no available information on the possible teratogenic or ad-

verse reproductive effects of benzyl chloride.
Inhibition of cell miltiplication in the alga, Microcystis aeruginosa,

started at 30 mg/l. Concentrations of 0 mg/l ana 17 mg/l caused paralysis

in two species of fish.

21-3 000248

.




I. INTRODUCTION
Benzyl chloride (alpha-chlorotoluene), CAS Registry number 100-44-7, is

a colorless-to-light yellow, clear, lachrymatory liquid and is made by free-
radical (photachemical) chlorination of toleme (Hawley, 1971; Austin, 1574).
It has the following physical and chemical properties (Wingholz, et al.
1976; Hawley, 1971; Weast, 1972):

el

Formula: - GH1

Molecular Weight: 126.59

Melting Point: -439¢

8oiling Point: i 17s9¢C

Density: l.lcﬂg

Solubility: Miscible iA alecohol, chloroform,
ether; insoluble in water

Production: approximately 89 million lbs. 1577
(NIOSH, 1977)

Benzyl chloride is a moderately volatile compound with a vapor p'ressure
of 1 mm Hg at 220C (NIOSH, 1978). The compound decomposes relatively
slowly in water with a 15-hour half-life of pH 7 (2S9C) (NIOSH, 1978).

Benzyl chloride is used to make benzaldehyde througn additional cnlori-
nation a;nd hydrolysis, but modest amounts are also used as a benzylating
agent for benzyl benzoate, n-butyl benzyl phthalate, henzyl ethyl aniline,
benzyl cellulose, components of dyes and .perfumes, and for production of
phenylacetic acid by benzyl cyanide (Austin, 1974).

II. EXPOSURE
A.  water .

Gruber (1975) reports that no benzyl chloride enters the water

from proauction.
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8. Food
Pertinent data could not be located in the availaple literature.
C. Inhalation ‘
Pertinent data were not found in the available literature; how=

ever, benzyl chloride is used exclusively as a chemical intermediate in

manufacturing and exposure and is most likely limited to the workplace. As’

such, the level af exposure is reported to be less than 1 ppm (NIOSH, 1978).
0. Dermal
Pertinent data could not be located in the available literature.
ITI. PHARMACOKINETICS
A.  Absorption and Distribution
Pertinent data could not be located in the available literature.
B. Metabolism and Excretion ’ |

The majof excretion product following ingestion of benzyl chloride
is a cysteine conjugate, benzylmercapturic acid (Stekol, 1938, 1939; witter,
1544; 3arnes, et al. 1959; Knight and Young, 1958).

Bray, et al. (1958) administered benzyl chloride at 200 mg/kg body
weight orally to rabbits. Urinpe co;lected for 24 hours showed 86.4 percent
of the administersd dose in the soluble fraction, with 49 percent .as penzyl-
mercapturic acid, 20 percent as a glycine conjugate, 0.4 oercent as glucosi-
duronic acid, and 17 percent as unconjugated benzoic acid. Maitrya and Vyas
(1570) found 30 percent of the total oral dose of benzyli chloride to be ek-
creted by rats as hippuric acid.

Knight and Young (1958) found that benzyl chloride is converted
directly to benzyl mercapturic acid, unlike related compounds such as chlor-

»

inated benzenes, which form acid-labile precursors.
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Barnes, et al. (1959) found that 27 percent of the total aral dose '

of benzyl ch;oride administered to rats was excreted as benzyl mercapturic
acid. This value compares with 49 percent excreted in rabbits (Bray, et al.
1958) and & percent in guinea pigs (Bray, et al. 1959).

Several studies have indicated that glutathione is the source of
the thiol growss for ‘mercapturic acid formation from benzyl chloride
(Barnes, et al. 1959; Simkin and White, 1957; Anderson and Mosher, 1951;
waelsch and Rittenterg, l942; Bray, et al. 1969; Beck, et al. 1964). The
turnover rate of glutathione in the livér was found to be 49 mg/l00 g of
liver per hour (Simkin and White, 1957). An in vitro study Dy Suga, et al. |
(1966) revealed that conjugation with glutathiocne can occur both enzymatice
ally and non-enzymatically in rat liver-preparations. The enzymic conjuga~
tion has also been observed in human liver preparations (B8oyland and Chas-
seaud, 1969).

Iv. EFFECTS
A. Carcinogenicity .

Benzyl chloride was reviewed by IARt :1976) and found to be car-
cinogenic in rats. Oruckrey, et al. (1970) injectea 14 rats supcutaneously
with benzyl chloride at 2.1 g/kg body weight (total dose) and 8 rats with
3.9 g/kg body weight (total dose) during 51 weeks. Injection site sarccmas
were noted in three of .the rats receiving the lower dose ang six receiving
the higher dose; most of the tumors had metastasized to the lungs. The
vehicle of adgministration, arachis oil, did not produce local tumors.

Poirier, et al. (1975) administered intraperitoneal injections of
benzyl chloride in tricaprylin to three growws of 20 male and female A{Hes-
ton mice, three times per week for eight weeks, with total doses of 0.6,

1.5, and 2.0 gs/kg body weight. After 24 weeks, all survivors were killeg;

-
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lung tumors occurred in 4/15, 7/16, and 2/8 surviving mice in the three
groups, respectively. The average n@ber of tumors per mouse was 0.26,
0.50, and 0.25, respectively. The incidence of tumors in mice receiving the
benzyl chloride was not significantly different from the reéults recorded
for untreated mice on the tricaprylin-vehicle treated mice.
B. Mutagenicity | ‘ _
McCann, et al. (197%a,b) found benzyl chloride to be weakly muta-
genic (less than 0.10 revertants/nanomole) when fested using the Ames assay
(Salmonella/microsomal activation). _
Rosenkranz and Poirier (1978), in a .Natio.nal Cancer Institute re-
port, found benzyl chloride to be marginally mutageﬁic in t_he Ames assay at

an inactivating effect on benzyl. chloride. The investigators also evaluated

the DNA-modifying.a'ctivity in bacterial systems using Escherichia coli pol A
mutants. A dose of 10 pl benzyi chloride produced a positive mutagenic ef-
Tect. I
Benzyl chloride was found to be non-mutagenic m the Ames Salmo- -
nella microsomal assay by Simmon (1979). The compound was mutagenic when
exposure was by vapor phase in a dessicator.
C. Teratcgenicity, Other Reproductive Effects and Chronic Toxicity
Pertinent data could not be located ih the availaole literature.
D. Acute Toxicity
A numper of studies have been conducted on the acute toxicity of
benzyl chloride vapor to animals and were reviewed in a criteria document
prepared by NIOSH (1978). Respiratory tract inflammation and secondary in-
fections were observed in mice exposed to 350 mg/m° (LCsy) for two hours

and rats exposed to 740 mg/m® (LCgy) for two hours (Mikhailova, 1965).

- 000252
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Rabbits exposed to 480 mg/m’ of benzyl chloride for eight hours/day Fﬁf‘ :

six days suffered mild eye and nasal irritation by the sixth day, while cats
exposed to the same regimen suffered a loss of appetite in addition ts eye
and respiratory tract Iirritation (Wolf, 1912). Ceath of a dog occurred

within 24 hours of exposure to 1,900 mg/m3 of benzyl chloride for eight

hours. Cornmeal turbidity and irritation of the ocular, respiratory, and

oral mucosa were observed befors death (Schutte, 1915).° Mikhailova (1965)
cbserved hepatic changes and necrosis of the kidney in rats and mice exposed
to benzyl chloride at 100 mg/m3 . |

l.andsteingr_ and Jacobs (1836) investigated the sensitizing proper-
ties of benzyl chloride to guinea pigs. Benzyl chloride, in a saline solu-
tion (0.0l mgsanimal) was injected intracutanecusly twice per week for 12
weeks. Two weeks later, re-exposure revealed that benzyl chloride had a
sensitizing effect. |

Qcoupational exposures to benzyl chloride have been reported by
several investigators (Wolf, 1912; Schutte, 1915; Mikha_ilova, 1971; Katz and
Talbert, 1930; wWatrous, 1947). Lacrimination, cocnjunctivitis, and irrita-
tion of the respiratory tract and eyes have been reported following exposure
to benzyl chloride vapor levels ranging from 6 to 8 mg/m® for. five minutes
to brief exoosure at 23,400 mg/m3. Although no cases were reported in the
literature, liguid benzyl chloride has the potential for skin irritaticon
based on its release of hydrochloric acid upon hyarolysis. The cdor thresn-
2ld and nasal irritation thresholds for benzyl chloride are 0.21 to 0.24
rﬂg/m3 ang 180 mg/m3 y respectively (Katz and Talbert, 1930; Leonardos, et
al. 1969).
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v. AGUATIC TOXICITY
3. Acute and Chronic Toxicity ' )
Pertinent data could not be located'in the available literature.

8. - Plant £ffects

Inhibition of cell multiplication in Microcystis aeruginosa start-

ed at 30 mg/l (Bringmann and Kuhn, 1976).
cC. Residues

. Pertinent data could not be located in the available literature.
-D. Other Relevant Information o )
Hiatt, et al. (1953) found that 1.0 mg/l .of benzyl chloride pro-
duced no irritant response in marine fish, but 10 mg/l caused a slight irri-

tant activity. This compound caused pa;glysis in the fish Trutta iridea and

Cvorinus carpio at concentrations of 10 mg/l and 17 mg/l, respectively
(Meinck, et al. 1970). '
VI. EXISTING GUIDELINES AND STANDARQS
A. Human f

| The American Conference of Governmental and Industrial Hygienists
(ACGIH, 1977) recommends an occupational exposure limit of 1 ppm (5 mg/m3)
for benzyl chloride. The U.S. federal standard promulgated py 0SHA is also
1 :ph (TWA) (29 CFR 1910.1000). NIOSH recommends sn environmental exposurs
limit of 5 mg/m’ as a ceiling value for a 15-minute exposure (NIQSH, 1978). .

B. Aguatic
No guidelines to protect fish and saltwater organisms from benzyl

chloride toxicity have been established because of the lack of available

data.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
. cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. :
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SPECIAL NOTATION

g.S. EPA's Carcinogen Assessment Group (CAG) has evaluated

beryllium and has found sufficient evi&ence.to indicate

that this compound is carcinogenic.




BERYLLIUM .

SUMMARY

Beryllium was shown to be carcincgenic in three animal
species, producing cancers of the lung and bone when admin-
istered by injection, inhalation, or intratracheal instiila;
tion. Ingesticn of beryllium has failed to produce cancers -
in animals, possibly due to its poor gastrointestinal absorp-
tion. Several epidemiology studies support the hypothesis .
that beryllium is a human carcinogen.
Beryllium is toxic to freshwater organisms at concentra-
tions as low as 5.3 Bg/l. Pertintent data for marine'or-

ganisms were not found in the available literature (U.S.

EPA, 1979). .
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BERYLLIUM

I. INTRODUCTION -
- This profiie is primarily based upon the Ambient Water
Quality.CritériéuDocument for Beryllium (U.S. EPA, 1979).
Recent comprehensive reviews on the hazards of beryllium
have also been prepéred by the Natiohal'Inétitute for Occupa-
tional-Safety and Health (NIOSH, 1972) and the International
Agency for Research cnlcéncer (IARC, 1972).

Beryllium (Be;‘atémic weight 9.01) is.a dark g:ay metal
of the alkaline earth family. Beryllium has the following

physical-chemical properties (IARC, 1972):

Boiling point: 2970°%

Melting point: 1284 - 1300°C

Hardness: 60 - 125

Density: . 1.84 - 1.85

Solubility: Soluble in acids and alkalis

World production of beryllium was reported as aporoximately
250 tons annually, but much more reaches the environment

as emissions from coal burning operations (Tepper, 1972).
Most common beryllium compounds are readily soluble in water.
TheAhydroxide is soluble only to the éx:ent of 2 mg/l (Lange,
19356). _Beryllium forms chémical compounds in which its
valence is +2. At acid pH, it behaves as a cation but forms
anionic complexes at pH greater than 8 (Krejci and Scheel,
1966). The major séurce of beryllium in the environhent
is the combustion of fossil fuels (Tepper, 1972). Beryl-
- lium enters the waterways through weathering of rocks andg
soils, throdgh atmospheric fallout and throuch discharges

from industrial and municipal operations. ,
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II. EXPOSURE
A. Water )

Ropp and Kroner (1967) reported the results of
trace metal analyses of 1,577 drinking water samples bbcained
throughout the United Stétes. Beryllium was cetected in
5.4 percent of the samples. Concehtrations :;nged from |
0.01 to 1.22 pg/l, with a mean value of 0.19 ug/l.

| B. Food

Beryllium has been detected in a variety of vege-
tables, and in eggs, milk, nuts, bread, and baker's yeast
(Meehan and Smythe, 1967; Petzow and Zorn, 1974). Measured
levels of beryllium were genefgily in the range of 0.01
to 0.5 ppm. Using the data for consumption and bioconcen-
tration for fresh&ater and saltwater fishes, mollusks, and
decapods, and the measured steady-state Sioconcentration
factor (BCF) for beryllium in bluegills, theU.S. EPA (1579)
has estimated.; weighted averége BCF for beryllium to be
19 for the edible portions of fish and shellfish consumed
by Americans.. | '
cC. Inhalation

The detection of bervllium in air is infrequent

and usually in trace amounts. In urban areas beryllium

~levels may reach 0.008 pg/m3, while in rural arsas beryllium

concentrations have been measured at 0.00013 pg/m3 (Tabor
and Warren, 1953; National Air Sampling Network, 1968).
At a beryllium extraction plant in Ohio, dervllium concen- -
trations were generally around 2 pg/m3 over a seven vear
period (Breslin ané Harris, 1939).
r4
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III. PHARMACOKINETICS

Inéested beryllium is poorly absorbed within the gastro-
intestinal tract, presumably due to solubility problems
in the alimentary canal (Hyslop, et al. 1943; Reeves, 1963).
When inhaled, soluble beryllium compounds are rapidly re-

moved from the lung, whereas insocluble beryllium compounds

can remain in the lung indefinitely (Van Cleave and Raylor,
1955; Wagner, et al. 1969; Sprince, et al. 1976). When
pérentérally adhinistered, beryllium- is”  distributed to all
tissues, although it Shows preferential accumulation in
bone, followed by spleen, liver, ki&ney and muscle (Van
Cleave and Raylor, 1935; Czowley,_et ai. 1549; Kleﬁperer,
et al. 1952; Kaylor and Van Cleave, 1853; Spencer, et al.
i372). Absorbed beryllium tends to be either excreted in
the urine or deposited in kidneys and bone (Scctt, et al.
1950). Once deposited in the skeleton, bervllium is removed
very slowly, with half-lives of elimination reported to
be 1,210, 890, 1,770 and 1,270 davs in mice, rats, monkeys.,
anéd dogs, respectively (Furchner, et al. 1973).
IV. EFFECTS
A. Carcinogenicity

Beryllium was shown to be carcinogenic in three
animal species. 1Intravenous injection of befyllium, zinc
beryllium silicate, and bgryllium phosphate produced osteao-
sarcomas in the rabbit (Gardner and Heslington, 194¢; Dutra
and Largent, 1950; Xomitowski, 1969; Fodor, 1971; IARC, - .

1972). 1Inhalation and intratracheal instillation of beryl-
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lium compounds have produced lung cancers in the rat and .

monkey (Vorwald and Reeves, 1959; Vorwald, et al. 1966;

‘Reeves, et al. 1967). Ingestion of beryllium by rats and

mice has failed to induce tumors, possibly due to the poor
absorption of beryllium from the gastrointestinal tract.
Several epidemiological studies have failed to

establish a clear association between beryllium exposure

. and cancer development (Stoeckle, et al. 1969; Mancuso,,

1970; Niemoller, 1963). BHowever, other recent studies sup-
port the hypothesis that‘beryllium is a human carcinogen
(Berg and Burbank, 1972; Wagoner, et al. 1978; Discher,
1978).
B. Mutagenicity
Pertinent data were not found in the available
literature. - : . !
cC. Teratogenicity
Beryllium has been implicated as a teratogen in
snails (Raven and Sprok, 1953) and has inhibited limb re-

generation in the salamander, Amblystoma punctatum (Thor<on,

1950) .
D. Other Reproduciive Effects
Pertinent data were not found in the available
literature.
E. Chronic Toxicity
Chronic beryllium inhalation in humans produces

a progressive, systemic disease which may follow the ces-

sation of exposure by as long as five years {(Tepper, et

. |
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al. 1961; Hardy and Stoeckle, 1959). Symptoms include pneu-
monitis with cough, chest péid, and general weakness.. Sy-
stemic'effects include right heart enlargement with cardiac
failure, enlargement of liver and spleen, cyanosis, digital
clubbing, and kidney stones (Hall, et.al. 1959). Chronic
beryilium disease can be produced in rats and monkeys by
inhalation of beryllium sulfate at 35 pg/m3 (Schepers, et 
al. 1957; Vorwald, et al. 1968).
v. AQUATIC TOXICITY
A. Acute Toxicity

Acute toxicity data for beryllium for freshwater
fishes are taken from 22 static and S flow-through biocassays,
all 96 hours in duration. U.S. EPA (197§) presents the

most sensitive species, the guppy Poecilia reticulata, with

LC50 values ranging from 71 to 17,500 pg/l. The data re-
flect that the toxicity of beryllium to fresh%ater fish
is decreased in hard water. This has also been confirmed

by U.S. EPA (1979) in the fathead minnow, Pimephales prome-

;55; with LC50 values ranging from 82 to 11,000 pg/l. Acute
toxiéity for aquatic3igvertebrates provides two 48-hour

LC;, values of 7,900 and 2,500.pg/i, with water hardness
values of 180 and 200 pg/l as CaCo3. The sourée of these
invertebrate studies is the same for chronic freshwater
studies. - No data for acute toxicity to marine species was

founéd in the available literature.
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B. Chronic Toxicity . ’ .
No chronic tests for freshwater fish were found

in the available literature. The cladoceran, Daphnia magna,

was the onlj freshwater species testea for chronic effects;
caronic values of less than 36 ug/l and 3.3 ug/l were ob-
tained by the U.S. EPA (1379). No chronic data for marine
species of fish or invertebrates was found in the availablé
literature.
c. Plant Effeccts N
The only plant study available reveals that the

green algae, Chlorella vannieli, displayed growth inhibition

at a conceﬁtzation of lOQ,OOO pg/1l (U.S. EPA, 197y).
D. ﬁesidues
Exposure of the bluegill for 28 days producea
a bioconcentration factor of i9 (U.S. EPA, 1978) .‘ No otrer .
data was found in the available literature. .
E. Other Relevant Information
The only marine aata pfesenced showed reduced
alkaline phosphatase activity in the mummichog, Fundulus

hecteroclitus, at concentrations as lcw as 9 ug/l. A tera-

' togenic response was observed by Evola-Maltese (1357) in
sea urchin embryos at concentrations of 9.010 ug/l.
VI. EXISTING GUIDELINES AND STANDARDS
A, Human
The present standard for occupational exposure

- to Dderyllium prescribes an 8-hour time-weigntea average

r'e

— . @

82-10 0006




007290
of 2.0 }.xg/m3 with a ceiling concentration éf 5.0 pg/mB. '
This is the same value recommended by the American Confer-
ence of Governmental Industrial Hygienists (1977). The
National Institute for Occupational Safety and Health (NIOSH,
1972) recommends that occupational exposure to beryllium
and ité compounds not exceed 1l pg/m3 (8-hour.time-weightgd
average) with a ceiling limit.of 5 pg/m3 {measured over
a 15 minute sampling period).

Naticnal Emission Standérés for Hazardous Air
Pollutants set their criterion as not more than 10 g in
24 hours or emissions which result in maximum outplant con-
centrations of 0.01 pg/m3, 30-day average (U.S. EPA, 1977).
|  Based on animal bioassay data for beryllium to |
which the linear model was applied, the U.S. EPA (1979)
has estimated levéis of beryllium in ampient water which
will result in carcinogenic risk for humans. As a result
of the public comments received, additional review and re-
evaluation of the data base is required before a final cri-
terion level can be recommended.
B. Agquatic
The U.S. ZPA proposed a water gquality standard
of 11 pg/l for the protection of aquatic life in soft fresh-
water; 1,100 pg/l for the protection of aquatic life in
hard freshwater; and 100 pg/l for continuous irrigation
on all soils, exceét 500 mg/l for irrigation on neutral

“0 alkaline lime-textured soils (U.S. EPA, 1977).

7
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The National Academy of SCience/N;tional Acadeny ‘
of Eﬁgineering (1973) Water Quality Criteria :ecommehdation
for marine aquatic life is: hazard level - 1.5 pug/l; minimal
risk of déleterious effects - 0.1 mg/1; and application
factor - 0.0l (applied to 96-hour LCgy) - Their recommenda-
tion for irrigation water is: 0.10 mg/l for continuous use -
on all soils.

The U.S. EPA' (1979) has derived a draft criterion ‘ o
for beryllium to protect freshwater aquatic organisms. -
The 24-hour average concentration in pg/1l is dependent on
water hardneés and is derived by the following equation:

CR = e(1.24 1n (hardness) - 6.65)

The concentration not to be exceeded at any time is:
CR - e (1.24 1n (hardness) - 1.46)
No draft criterion was derived for marine organisms (U.S. .

EPA, ‘_1979) . '
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-~
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile

- may not reflect all available ianformation including all the

adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. :
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‘,  BIS(2-CHLORCETHOXY )METHANE

Summary -

Pertinent data could not be located in the available literature search-

es on thé mqtagenic, carcinogenic, teratogenic, or adverse reproductive ef-

fects of bis(2-chloroethoxy)methane (BCEXM) in mammals. A closely related

compound, bis(2-chlorcethoxyv)ethane (BCéXE) has been shown to produce skin
tumors and injection site sarcomas in animal studies . ' '

Pertinent information couid. not be located in the available‘ literature

on bis(2-chlorcethoxy)methane toxicity to aquatic organisms. -
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8IS(2-CHLORCETHOXY JMETHANE
I.  INTRODUCTION
This profile is based on the Ambient Water Quality Criteria Document
for Chloroalkyl Ethers (U.S. EPA, 197%a).
The chloroalkyl ethers are compounds in which a hydrogen atom in one or

toth of the alipnatic ether chains are substituted with chlorine. Bis(2-

- chloroethoxy )methane (8CXM, dichloroethyl formal, 'ClD-iZC!-IZ-O-Cl-lz- '

CCHZ-CHzCl) is a colorless liguid at room temperature with a boiling

point of 218.19C amd a specific gravity of 1.2339. The ccmpound is

slightly soluble in water but miscible with most organic solvents.
The chloroalkyl ethers have a wide variety of industrial uses in organ-
ic synthesis, treatment of textiles, the manufacture of polymers and insec-

ticides, as degreasing agents and solvents, and in the preparation of ion

excnange resins (U.S. EPR, 197%a).

The chlorocalkyl ethers, like BCZXM, have a higher stacility Iin water
t=an thelalpha chloroalkyl ethers, which deccmpose. B8C=XM is deccmposed by
mineral acids.

II. EXPOSURE

No specific information on exposurs to BCEXM is available. The reader
is referred to a more general treatment of chloroalkyl ethers (U.S. EFA,
15790). BCEXM has been monitored in rupber plant effluents at a maximum
level of 140 mg/l (Webb, et al. 1973). Bis-1,2-(2-chlorcethoxy)ethane
(ECEXE), a ciosely related compound, has been reportéd in dfinking water at
a maximum level of 0.03 wg/l (U.S. EPA, 1975). Data on levels of 8= in

foods was not found in the available literature.

No bioaccumulation factor for 2CSXM has been derived.

Y Qo077
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. III. PHARMACOKINETICS

Pertinent information cogld not be located in.the available literature
on SCEXM. .The reader is referrsd to a more general treatment of chloroalkyl
sthers (U.S. EPA, 19750). | |
Iv. EFFECTS

A. Carﬁincgenicity

N ) ' Pertinent information could not be located in the available litefé-'
ture on éarcinogenic affects of ‘8CEXM. The reader is referred to a more
general treatment of chloroalkyl ethers (U.S. EPA, 197%). A closely re-
lated compound, BCEXE, has been shown to produce skin tumors in mice and in-
jection site‘sarccmas (van Ouuren, et al. 1972).

8. Mutagenicity, Teratogenicity, Other Reproguctive Effects and Chron-

ic Toxicity -
‘ BCM.

V. AGUATIC TOXICITY

Pertinent data could not be located in the available literature for

Pertinent information could not be located in the available literature
on the aguatic toxiciﬁy of BCEM.
VI. .EXISTING dUIDELINES AND STANDARDS

No standarcs or recommended criteria exist for the protecticn of numan

health or aquatic organisms to bis(2-chlorcethoxy)methane.
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DISCLAIMER
~

- ”

This report represents a survey of the potential health
and environmental hazards f£rom exposure to the subject chemi-

cal. The information contained in the report is drawn chiefly

from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile

may not reflect all available inforrmation including all the:

adverse health and environmental impacts presented bv the
subject chemical. This document has undergone scrutiny ¢o
ensure its technical accuracy.
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated

bis(2-chloroethyl)ether and has found sufficient evidence -to

indicate that this compound is carcinogenic.

000282
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8IS(2-CH_CROETHYL JETHER

Summary

Oral administration of bis(2-chloroethyllether (BCEE) did not produce -

an increase of tumors in rats. - Male mice showed a significant ‘increase in
hepatomas after irgestion of BCEE. B8CEE has also shown activ‘ity as a tgmor
initiator for mouse skin. ‘
" Testing of BCE= in the Ames' Salmomella assay, in E. coli, and in

Saccharomvees cerevisiae has shown that this compound induces mutagenic

effects.
There is no. available evidence to indicate that BCEE produces adverse

renrocuctive effects or teratogenic effects.

The data base for his(2-chloroethyllether is limited to three studies.

The 96-hr LCeq
Adverse chronic effects were not observed with the fathead minnow at test
concentrations as high as 19,000 pg/l. A biocencentration factor of 11 was

observed during a3 l4-day exposure of bluegills. The half-life was 4-7 cays.

000<83
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BIS(2-CHLORCETHYL)ETHER

-

I.  INTRODUCTION ;

This profile is based on the Ambient Water QQality Criteria Document
for Chloralkyl £thers (U.S. EPA, 197%a). |

‘The chloroalkyl ethers are ccmpounds in which a hycrogen atom in one or
both of the aliphatic ether chains are substituted with chlorine. B8is(2-
chloroethyl)ether (8CEE, molecular weignt 145.01) is a colorless liquid at
room temperature with a boiling point of 176-178°C at 760 mm Hg, and a
density of 1.213. The compound is practically insoluble in water, but is
miscible with most organic solvents (U.S. EPA, 197%a).

The cﬁlorualkyl ethers have a wide variety of industrial and latoratory
uses in organic synthesis, in textilénfrgatment, the manhfacture of polymers
and insecticides, as degreasing agents, and in the preparation of ion ex-:.
change resins (U.S. SPA, 1579a3).

Tﬁe B-substituted - chloroalkyl ethers, sucn as SCEE, are generally more '
stable and hence lasg reactive in aqueous systems than the a-substitutsa
compounds (U.S. EPR, 1579a).

For additional infqrmation regarding chloroalkyl ethérs in general, the
reader is referred :o the EPA/ECAQC Hazard Profile on Chloroalkyl Ethers
(U.S. EPA 197%b).

II. EXPOSURE

| The B-chloroalkyl ethers have been monitored in water. Incustrial dis-
charges from chemical plants involved in the manufacture of glycol products,
rucber, and insecticides may cbntain high levels of B8CEE (U.S. EPR, 1979a).

The highest cormcentration of BCEE in drinking water reportad by the U.S: ZFA

7 000284




(1975) is Q.3 pg/l; There is no evidence 6? the occurrence of the chloro-
aikyl ethers in the atmospnere; human exposurs sppears to be confined ta
gccupational settings.

Human exposure to chléroalkyl ethers via ingestion of food is unknown

(U.S. EPA, 197%a). The B-chlormalkyl ethers, due to their stability and low

water solubility, may have a high tendency to be bicaccumulated. _Thg U:s. -

EPA (1979a) has estimated the weighted average bioconcentration factor for

2CS= to be 25 for the edible portions of fish and shellfish consumed by
Americans. This estimate is based on a measursd steady-state biocon-
centration facter dsing bluegills.

| III. PHARMACOKINETICS

A. Absorption -

Experiments with radiolabelled S8CEE have indicated that the come °

pound is readily absorted followimg oral administration (Lingg, et al.
1978). Informaticn on inhalaticn or dermal absorption of chlcroalkyl ethers
is not available (U.S. SPA, 1579a).
- 8. Distribption

Pertinent information on the distribution of BCEE could nct GBe

located in the literature.
. Metapolism _

The bictransformation of 3CZ= in rats following oral agministration

appears to involve cleavage of the ether lihkage and subsequent conjugation

- #ith non-protein-free sulfhydryl groups, the major route, or with glucuronic

acid (Lingg, et al. 1978). Thiodiglycolie acid and 2-chloro-'

ethanol-8-0-glucuronide were identified as urinary metapolites of BCEE in

-ats.
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‘II’ D. Excretion
BCEE administered tb rats by intubation was eliminatgd rapidly in
the urine, with more than 60 percent of the ccmpound excreted within 26
hours (Lingg,.et al. 1978).
Iv. FECTS
A. Carcinogenicity
SCZZ has shown activity as a tumor initiator in mouse skin (U.s.
ZPA, 157%a). Preliminary results of anm NCI study indicate that oral admin-
istration of BCSE does not pmducé an increase in tumor incidence in rats
(U.S. £PA, 1579a); however, mice administered 8CEE by ingestion showed a
significant increase in hepatomas (Innes, et al. 1969). |
8. Mutagenicity .

Testing of the chloroalkyl ethers in the Ames' Salmorella assay and
in E. coli have indicated that. BCEE induces mutagenic effects (U.S. EPA,

‘ " | 197%a). SC== has also shown mutagenic effects in Saccharomvees cerevisiaze
(Simmon, et al. 1977), but none were fcu‘nd in the heritaple translocaticn
test for mice (Jorgenson, et al. 1977). '

C. Teratogenicity, Chronic Toxicity and other Reprocuctive Effects

’ Pertinent information could not be located in %he available liter-

0. Other Relevant Information
Acute physioldgical Tesponses of the guinea pig to innalation of
high' concentrations of ECEE were congestion, emphyséna, ec‘éma and hemorrhage
of the lungs (Shrenk, et al. 1933). Brief exposure of man to BCEE vapor, at
levels 260 ppm, irritated the nasal passages and eyes with profusé lacri-
maticn. Oeep inhalation produced nausea. The highest concentration with no

noticeanle effect was 35 oom (Shremk, et al. 1933).

S————,
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v. AQUATIC TOXICITY
A. Acute Toxicity -

96-hr LC.., value for the bluegill, Legomis macrochirus, ccula not

50
ne determined. for bis(2-chloroethyl)ether with expasure concentrations as

nigh as 600,000 pg/l (U.S. ZPA, 1978).
8. Chronic Toxicity A
An embryo-larval test has been reported with bis(2-chlorcethyl)

erher and the fathead minnow, Pimenohales promelas. -Adverse effects were not

observed at test concentrations as high as 19,000 pg/l (U.S. EPA, 1978).
" C. Plant Effects
Partinent data could not be located in the available literature.

D. Residues

A bioconcentraticn factor of 1l was determined during a lé-day ex-'

nosure of bluegills to bis(2-chlorpethyl)ether. The half-life was 4-7 days.
VI. SXISTING GUIDELINES AND STANDARdS

Neither the human health nor the aquatic criteria cerived by U.S. ZPA
(197%a) which are summarized below, have gone through the process of public
review; therefore, there is a possibility &that these ériteria will ©oe
changegd.

“A.  Human

aaséd on the results of an animal carcinogenesis bioassay, and

using a linear, nan-threshold model, the U.S. EPA (1979a) has estimated that

Y

an ambient water level of 0.42 g/l Qill present an increased risk of 10'5

or less for BCEE, assuming water and the injection of contaminated aguatic

organisms to be the only scurces of exposure.
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The 8-hour, time-weighted average threshold limit value (TLV-TWA)
for BCE= determined‘ by the American Conference of Governmental Industrial
Hygienisfs (ACGIH, 1978) is S ppm for BCEE.

8. Aquatic '
Freshwater or saltwater criteria cannot be derived for bis(2-chlo-

roethyl)ether because of insufficient data (U.S. EPA, 1979a).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
. ensure its technical accuracy.
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- BIS(2-CHLOROISCPROPYL )ETHER

007290

Summary -

Preliminéry results from an NCI carcinogenesis bioassay do not shbw an
increase in tumors following oral administration of bis(z-chlofoisopfopyl)-
ether (BCIE). | |

BCIE has produced nutégenic éffects in two bacterial test systems (_S_a_l-‘
monella and E. coli) but has failed to show mutagenicity in one mammalian
study.

No information is available on the teratogenic or adverse reproductive
effects of BCIE. '

Chronic exposure to B8CIE has produced liver damage in animals.

Data on the toxicity of bis(z-chlqroisopropyl)ether to aguatic organ-

isms are not available.




B1S(2-CHLOROISOPROPYL )ETHER
I. INTRODUCTION
 This profile is based on the Ambient Water Quality Criteria Document
for, Chloroalkyl Ethers {U.S. EPA, 1575a). '
The chloroalkyl ethérs are compounds in which a hydrogen atom in one or
both of the aliphatic ether chains are substituted with chlorine. Bis(2-
chloroisopropyl)ether (BCIE, mblecular weight 171.07) is a colorless liquid

at room temperature with a boiling point of 187-188°C at 760 mm Hg. The

compound is practically insoluble in water but is ~miscible with organic sol-

vents. ' A

The chloroalkyl ethers have a wide varie{:y of industrial and laboratory
uses in organic synthesis, treatmént of textiles, the manufacture of poly-
mers and insecticides, as degreasing agents, and in the preparation of ion

exchange resins (U.S. EPR, 1979a).

The beta-chloroalkyl ethers, like BCIE, are more stable in aqueous sys-

tem than the alpha-chlorcalkyl ethers, which decompose rapidly. For addi-

tional information regarding the chloroalkyl ethers as a class, the reader -

is referred to the Hazard Profile on Chloroalkyl Ethers (U.S. EPA, 197%).
II. EXPOSURE

The. beta-chloroalkyl ethers have been monitored in water. Industrial
discharges from chemical plants involved in the manufacture of glycol pro-
ducts, rubber, and insecticides may present high effluent levels (U.S. EPA,
1979a). The tnu'.ghest concentration of BCIE monitored in drinking water by
the U.S. EPA (1975) was reported as 1.58 ng/l. ‘

The concentrations of chloroalkyl ethers in foods have not been moni-
tored. The beta-chloroalkyl ethers, however, due to their relative stabili-

ty and low water solupility, may nave a high tendency to be bioaccumulated.
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The U.S. EPA (1979a) has estimated the weighted average bioconcentration
‘ factor for bis(2-chloroisopropyl)ether to be- 106 for the edible portions of
| fish and shellfish consumed by Americans. This estimate is based on the
octancl/water partition csefficient.
IiI. PHARMACOKINETICS
A. Absorption
Experiments with radio-labeled BCIE have indicated thaf the vcom-
pund is readily absorbed following oral administration (Smith, et al.
1977). No informetion on inhalation or dermal absorption of the chloroalkyl
ethers is availeble (U.S.‘ EPA, 19793)..
B Distfibution |
Species differences in the " distribution of radio-labeled BCIE have
been reported by Smith, et al. (1977). Monkeys retained higher amounts of
radioactivity in the liver, muscle, and brain than did rats. Urine and ex-
‘ : pired air from monkeys also contained‘ higher le_vels of  radicactivity than‘
those determined in the rat. B8lood levels of 8CIE in monkeys reached a peak
within 2 hours following oral administration and then declined in a biphasic
manper' (t 1/2 = 5 hours and 2 days, respectively).
C. Metabolism _v
Urinary metabolites of labeled BCIE icentified in studies with rats
included l-chloro-2-propanol, propylene oxide, 2-(l-methyl-2-chloro-ethoxy)
propionic acid, and carbon dioxide (Smith, et al. 1977).
0. Excretion
Smith, et al. (1977) found that in the rat, 63.36 percent, 5.87

percent, and 15.96 percent of a 30 mg orally-administered dose of BCIE were

recovered after 7 days in the urine, feces, and expired air, respectively.

- In the monkey, the corresponding figures were 28.61 percent, 1.19 percent,
. ' and 0 percent, respectively. _
, R 7 000295
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IV. EFFECTS

A. Carcinogenicity

Preliminary results of aﬁ NCI carcinogenicity bioassay indicate

that oral administration of BCIE does not produce an increase in tumor inci-
dence (U.S. EPR, 1979a).

8. Mutagenicity

Testing of SCIE in the Ames Salmonella assay and in E. coli have "

indicated that the compound shows mutagenic activity (U.S. EPA, 197%a).
8CIE did not show mutagenic effects in the murine heritable transleocation
test (Jorgenson, et al. 1977).
C. Teratogenicity and Other Reproductive Effects
Pertinent data could not be located in the available literature.
D. Chronic Toxicity
Chronic oral exposures of mice to BCIE produced centrilobular liver
necrosis in mice. The major effects in réts were pulmonary congestion and
pneumonia (U.S. EPA, 1979a). |
E. Other Relevant Information
Several chloroalkyl ethers show initiating activity and therefors
may interact with other agents to produce skin bapillcmas (van Ouuren, et
‘al. 1969, 1972); however, data specific to 3CIE is not available.
V.  AQUATIC TOXICITY ‘
Pertinent data could not be located in the available literature.
VI. EXISTING GUIDELINES AND STANDARDS
Neither the human health nor the aquatic criteria derived by U.S. EPA
(197%a), which are summarized below, have gone through the process of public
review; therefore, there is a .possibility that these criteria will be

changed.
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BCIE is an isomer of a group of chloroalkyl ethers which have been

A. Human

shown to have carcincgenic potential. BCIE has been shown_ to be mutagenic;
inevér, de\;initive proof of carcinogenicity has not been demonstrated. The
available data is presently under review and a definitive determination as
to the carcinogenicity Aof this isomer cannot be maﬁe at this time.
| 8. Aquatic
No draft criteria to protect fish and saltwater aquatic organisms

from bis(2-chloroisopropyl)ether toxicity have been derived (U.S. EPA, 1979).
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BIS(2-CHOROISOPROPYL )ETHER (BCIE)
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. : .
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated

bis(chloromethyl)ether and has found sufficient evidence to

indicate that this compound is carcinogenic.
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BIS(CHLORGOMETHYL )ETHER

Summary
8is(chloromethyl)ether (BCME) has been shown to procuce tumors in ani-
mals following administration by subcutaneous injection, inhalation, or der-

mal application. Epidemiclogical studies of workers in the United States,

Germany, and Japan who were exposed to B8CME and chloromethyl methyl ether

(CMME) indicate that these compounds are human respirétory carcinogeds.

3CME has produced mutagenic effects in the Ames' Salmonella assay and

in E. coli. Increased cytogenetic abnormalities fhave been observed in the
lymphocytes of workers exposed to BCME and CMME; this effect appeared to be
reversible. '
There is no available evidence to indicate that the chlorocalkyl ethers
produce adverse reproductive effects or teratogenic effects.
Information has not been found on the toxicity of bis(chloromethyl)
ether to aquatic organisms. The Hazard profiles on the haloethers and the

chloroalkyl ethers should be consulted for the toxicity of related compounds.

L 000303




@

R i

S LU

007290

BIS(CHLORCMETHYL )ETHER

I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria Oocument
for Chloroalkyl Ethers (U.S. EPA, 1979a).

The chloroalkyl ethers are compounds in which hydrogen gtoms in one or
both of the aliphatic ether chains are substituted with chlorine. iBis-

(chloromethyl)ether, (BCME; molecular weight lls.d), is a colorless liguid

at room temperature with a Bboiling point aof 104°C at 760 mm Hg, and a den-
sity of 1.328. The compound immediately hydrolyzes in water, but is misci-
ble with ethanol, ether, and many organic solvenﬁs (U.S. EPA, 1979a).

The chlofoalkyl ethers have a wide variety of industrial and laboratary
uses in organic synthesis, textile treétmeqt, the manufacture of polymers
and insecticides, the preparation of ion exchange resins, andlas degreasing
agents (U.S. EPA, 1979a). |

While 8CME is very unstable in water, it appears to be relatively sta-
ble in the atmosphere (Tou and Kallos, 1974). Spontanecus fﬁrmation of 3CVE
occurs in the presence of both hydfogen chloride and formaldenhyde (Frahkel. '
et al.-l974). For additional information regarding the chloroalkyl ethers
in general, the reader is referred to the EPA/ECAQ Hazard Profile on Chloro-
alkyl Ethers (U.S; EPA, 197%).

II.- EXPGSURE

As might be expected from the reactivity of BCME-in water, monitoring
studies have hot detected its presence’ in water. Human exposure by innala-
tion appears to be confined to occupational settings (U.S. EPA, 197%a).

Data for human exposure to chloroalkyl ethers by ingestion of food is

not availatle, nor is data relevant to human dermal exposure to chleralkyl

‘ethers (U.S. EPA, 1575a).

P 000303
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The U.S. EPA (1979a) has estirﬁated the weighted average bicconcentra-
tion factor for BCME to be 31 for the .edible portions of fish and shellfisnh

consumed by Americans. This estimate is based on the octanol/water parti-

tion coef.f’ic;ient.
III. PHARMACOKINETICS

There is no specific information relating to the absorption, distribu-

tion, metabolism, or excretion of BCME (U.S. EPA, 1979a). Secause of -the.

high reactivity and instability of BCME in aqueous systems, it is difficult
to generate pharmacokinetic parameters.
IV. EFFECTS )
A. Carcinogenicity
BCME has been shown to produce tumors in several animal systems.

Inhalation exposure of male rats to BCME produced malignant respiratory

‘tract tumors (Kuschner, et al. 1975), while dermal application to mouse skin

led to the appearance of skin tumors ('Van Duuren, et al. 19€3). Acministra-
tion of ECME to newcorn mice by ingestion has been shown to increase the
incidence of hepatocellular carciﬁo_mas in males (Innes, et al. 1969).

Epidemiological studies of workers in the United States, Germany,
and Japan who were occupationally exposed to BCME and CMME have irdicated
that these compounds are human. respiratory carcinogens (U.S. ©PA, 197%a).

BCME has been shown to accelerate the rate of lung tumor formaticn
in strain A mice following inhalation exposure (Lsong, et al. 1971). B8CME
has also shown activity as a tumor initiating agent for mouse skin (Slaga,
et al. 15973).

8. Mutagenicity .

Testing of the chloroalkyl ethers in the Ames Salmorella assay and

in E. coli have indicated that SCME produced direct mutagenic effects (U.S.

——

oli
EPR, 197%9a).
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. ‘ The resuits of a study on the incidence of cytogenetic aberrations
in the lymphocytes of workers exposed to BCME and CCME indicata higher fre-
quencies in this cohart. Follow-up indicates that removal ';a'f workers from
exposure led to a decrease in the frequency of aberraticns (Zudova and
Landa, 15977).

c. Tefatogenicity and Other Reproductive Effects o

Pertinent data could mot be located in the availabie literature
fegarcing terategenicity and other reproductive effec;s.

0. Chronic Toxicity _ '

Chronic occupational exposure to CMME contaminated with BCME has
produced bronchitis in ~workers (U.S. EPA, 1979a). Cigarette smoking has
been found to act synergistically wifﬁ this type of exposure to produce
bronchitis (Weiss, 1976, 1977). |

E. Other Relevant Information ‘

. The initiating activity of several chleroalkyl ethers indicates
that these compounds will interact with other agents to produce skin papil-
lomas (V‘an Duuren, et al. 1969, 1972).

V. AQUATIC TOXICITY

Pertinent information cculd not be foung in the available literature
regarding aquatic toxizity for freshwatef or marine soecies.
VI. ZEXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived by U.S. ZPA
(1979a) whic;'w are summarized below, have gone through the orocess of public
review; therefore, there is a possibility that these criteria will be
changed. .

A. Human |

Based on animal carcinogeresis data, and using "2 linear, non-

‘ .. thresnold model, the U.S. EPA (i979a) has recommencec a maximum permissible
Yoy ;.u ;:\‘ ' ’ - .
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’

concentration of BCME for ingested water at .02 ng/l. Assuming watar is the

only source of exposure, compliance to this level should limit the risk car- .

.cinogenesis to not more than 1072,

Based on animal studies, the 8-hour, time-weightad threshold limit
value (TLV-TWA) has besn recommended for B8CME as one ppb by the American
Conference of Gaovernmental and Industrial Hygienists (1978).

8. Aquatic | |
Criterion for the protection of freshwater or marine aquatic organ-

isms were not drafted due to lack of toxicological-evidence.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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BIS-(2-ETHYLEEXYL) PHTHALATE -
SUMMARY

Bis-(2-ethylhexyl)phthalate has been shown to produce
mutagenic effects in the Ames Salmonella assay and in the
dominant lethal assay. |

Teratogenic effects in rats were repéried followingj
interperitoneal (i.p.) administration and orai administra-
tion of bis-(2-ethylhexyl)phthalate. Additional reproductive
effects produced by bis-(z-ethylhexyl)phﬁhalate include
impaired implahtation and parturition, and decreased fertility
in rats. Testicular damage and decrgased spermatogenesis
have been reported in rats, following i.p. or oral adminis-
tration, and in mice, given bis-(zrethylhexyl)phthalate
by oral intubation. '

Eviéence has not been found indicating that 5is-(2-
| ethylhexyl)phthalate has carcinogenic effects. Chronic
animal feeding studies of bis-(i-ethylhexyl)phthalate have
shown éffects on the liver and.kidnefs.

Bis—(z-ethylhexyl)phthalate is acutely toxic to fresh-
water invertebrates at a concentration of 11,000 Pg/l.

The same species has been shown to display severe reproduc-

tive impairment when exposed to concentrations less than

3 pg/l.

000311




BIS~(2-ETHYLHEXYL) PHTHALATE
I. INTRODUCTION

This profile is based on the Ambient Water Quaiity
Critaria Document for Phthalate Esters (U.S.‘EPA, 1979).

Bié-(2~ethylhexyl)phthalate, most commonly referred
to as di-(2-ethylhexyl)phthalate, (DEHP).is a dieste; of
the ortho form of benzene dicarboxylic acid. The compound
ﬂas a molecular weight of 391.0, specific gravity of 0.985,
boiling point of 386.9°C-at 5 mm Hg, and is insoluble in
water (U.S. EPA, 1979).

DEHP ié widely used as a plasticizer, primarily in
the production of polyvinyl chloride (PVC) resins. As much
as 60 percent by weight of PVC materials may be plasticizer
(U.S. EPA, 1979). Through this usage, DEHP is incorporated
inte such products as wire and cable covering, floor tiles,
sw;mming pool liners, upholstery, and seat covers, footwear,
and food and medical packaging materials (U.S International
Trade Commission, 1978).

Ih 1977, current production was 1.94 x lO5 tons/vear
(U;S. EPA, 1979).

Phthalates have been detected in soil, air, and water
samples;'in animal and human tissues; and in certain vegeta-
tion. Evidence from in vitro studies indicates that certain
bacterial flora may be capable of metaboli#ing phthalates

to the monoester form (Englehardt, et al. 1975).
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II. EXPOSURE |

Phthalate esters appear in all areas of the environ-
ment. Environmental release. of the phthalates may occur
through leéching of plasticizers from PVC materials, vola- |
tilization of phthalates from PVC materials, and the inciner-
ation of PVC items; Sources of human exposure to phthalates
include contaminated foods and fish, and parenteral admxnls- a
tratxon by use of PVC bloed bags, tubxngs, and infusion
devices (U.S. EPA, 1979).

Moniﬁoring étudies have indicated that phthalate concen-~
trations in.water are mostly in the ppm range, or 1-2 pg/liter
(U.S. EPA, 1979). Air levels of phthalates in closed rcoms
that have PVC tiles h;ve been reported to be 0.15 to 0.25
mg/m3 (Peakall, 19755. Industrial monitoring has measured
air levels of phthalates from 1.7 to 66 mg/m3 (Milkov, et
al. 1973). Levels of DEHP have ranged from not detect-
able to 68 ppm in foodstuffs (Tomita, et al. 1977). Cheese,
milk, fish and shellfish present.potential sources of high
phthalaﬁe intake (U.S. EPA, 1979). Estimates of parenteral
exposure of patients to'DEHP during use of PVC medical appli-
ances have indicated approximately 150 mg DEHP exposure |
from a single hemodialysis course. an average of 33 mg
DEHP exposure is possiblg during open heart surgery (U.s.

EPA, 1979).

The U.S. EPA (1979) has estimated the weighted avetage

bioconcentration factor for DEEP to be 95 for the edible

-portions of fish and shellfish consumed bv Americans. This
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estimate is based on the measure& steady-state bioconcentra-
.tion studies in fathead minnow.
III. PHARMACOKINETICS

A. 'Absorption

The phthalates are readily absorbed from the intes-
tinal Eract. the peritoneal cavity, and the iungs (U.s.

EPA, 1979). Daniel and Bratt (1374) found that seven déys
following oral administration of radiolabelled DEHP, 42
percent of the dose w#s recovered in the urine and 57 per-
cent recovered in the.feces of rats. Bilary excretion of
crally admiﬁistered DEBP has been noted by Wallin, et al.
(1874). Limited;huma; studies indicate that 2 to 4.5 per-
cent of orally administered DEHP was recovered in the urine
of volunteers within 24 hours (Shaffer, et al. 1945). Lake,
et al.. (1975) have suggested that orally administered phthé-
lates are absorbed after metasolic'conversion to thé mono-
ester form in the gut.

Dermal absorption of DEHP in rabbits has been
reported at 16 to 20 percent of the initial dose within
three days following administration (Autian, 1973).

B. Distribution

Studies in rats injected with radiolabelled DEHP
have shown that 60 to 70 percent of the administered dose
was detected in the liver and lungs within 2 nours after
administration (Daniel and Bratt, 1974). Wadell, et al.

(1877) have reported rapid accumulation of iabelled DEHP
in the Ridney and liver of rats after i.v. injection, fol=-

lowed by rapid excretion into the urine, bile, and intes-
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. tine. Seven days after i.v. administration of labelled '
DEHP to mice, levels of compound were found preferentially

in the lungs and to a lesser extent in the brain, fat, heart,
and blood'kAutian, 1973).

An examination of tissue samples, from two deceased
patients who had received large volumes of transfused blood/
detected DEEP in the spleen, liver, iungs; and abdominal |
fat (Jaeger and Ru@in, 1870).

| Injection of pregnant rats with labelled DEHP
has shown that the compound may cross the placental bairie;
(Singh, et éi. 1975). _ J
c. Metabolism
Various metabolites of DEHP have been identified | |
. following oral feeding to rats (Albro, et al. 1973). These
. results indicate that DEHP is initially converted from the
dieéte: to the monoester, followed by the oxidation of the !
monoester ;ide chain‘fo:ming two different alcohols. The
alcoholﬁ are‘oxidized~to the-coréesponding carboxylic acid
or Kketone. Enzymatic cleavage of DEHP to the monoester
‘may take place in the liver or the'gut (Lake, et al. 1977).
This enzymatic convérsion'has been observed in stored whole
bloed indicating widespread distribution of metabolic activ-
ity‘(Rock, et al. 1978).
- D. Excretion
Excretion of orally administered DEHP is virtually
complete in the rat within 4 days (Lake, et al. 1975). ]

Major excretion is through the urine and feces, with biliary

. - D
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excrétion increasing the content of DEEP (or metabolites)
in the intestine (U.S. EPA, 1979). Schulz and Rubin (1973)
have noted an increase in total water soluble metabolites
of labelled DEHP in the fifst 24 hours following injection
into rats. Within one hour, eight percent of the DEHP was

found in the liver, intestines and urine. After 24 hours,

54.6 percent was recovered in the intestinal tract, excreted

feces and urine, and only 20.5 percent was recovered in or-
ganic extractable form. Blood loss of DEHP showed a biphasic
| pattern, with half-lives of 9 minutes and 22 minutes, respec-
tively (Schulz and Rubin, 1973).
IV. EFFECTS '
A. Carcinogenicity
Pertinent data could not be located in the avail-
able literature.
B. Mutagenicity '
Testing of DEHP in the Ames Salmonella assay has
shown no mutagenic effects (Rubin, et al. 1979). Yagi,
et al. (1978) have indicated that DEHP is not mgtagenic
in a recombinant strain of Bacillus, but the monocester meta-
bolite of DEHP did show some mutagenic effects. Results
of a dominant lethal'assay in mice indicate that DEBP has
a dose and time dependent mutagenic effect ($ingh, et al.
1974).
C. Teratogenicity | ‘ .
DEHP nas been shown to produce teratogenic effects

in rats following i.p. administration (Singh, et al. 1972).
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Following oral administration there waé a significant reduc-
tion in fetus wgight at 0.34 and 1.70 g/kg/day. -
D. .Otheﬁ Reptoduc;i?e Effects
Effects on implantation and parturition have been
observed in pregnant rats injected intraperitoneally with
DEHP (Peters and Coﬁk, 1973). a three-generation repro-
duction study in rats has indicated‘decreasgd fertility
in rats following~ﬁaternal treatment with DEHP (Industr;al
Bio-Test, 1978).
| Testicular damage has been reported in rats ad-
ministered DEHP i.p. or orally. Seth, et ai. (1976) found
degeneration of the seminiferous tubules and changes in |
Spermatagonia; testicular atrophy and morphological damage [
were noted in rats fed DEHP (Gray, et al. 1977; Yamada, ’ !
et al, 1975). Otake, et al. (1l977) noted decreased sperma-~ -
togenesis in'mice administe:ed DEHP by intubation.
E. Chronic Toxicity
Oral feeding of DEEP produced increases in liver
and kidney weight in several animal studies (U.S. EPA, 1979).
Chronic exposure to transfused blood containing DEHP has
produced liver damage in monkeys (Kevy, et“al. 1978). Lake,
etval. (1975) have produced liver damage in rats by adminis-
tr;tion of mono-2-ethylhexyl phthalate.
F. Other Relevant Information ‘
Several animal studies have demonstrated that
pre~-treatment of rats with DEHP produced an increase in
hexobarbital sleeping times (Daniel and Bratt, 1974; Rubin

and Jaeger, 1973; Swinvard, et al. 1976).
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v. AQUATIC TOXICITY

A. Acute Toxicity A ‘

only one acute study on the freshwater cladoceran

{Daphnia ﬁagna) has produced a 96-hour static LCgg value

of 11,000 pg/l (U.S. EPA, 1978). Freshwater fish or mariﬁe
data have not been found in the literature.
3. Chronic Toxicity

Chronic studies involving the rainbow trout (Salmo
gairdneri) provided a chronic value of 4.2 yg/l in an embryo-
latval assay (Mehrle and Mayer, 1976). Severe reproductive
impairment was observed at less than 3 pg/l in a chronic

Daphnia magna assay (Mayer and Sanders, 1973).

C. Plant Effects
Pertinent information could not be located in
the available literature. ‘
D. Residues
Bioconcentration factors have been obtained for
several species of freshwater organisms: 54 to 2,680 for

the scud (Gamarus pseudolimnaeus); 14 to 50 for the sowbug

(Ascellus brevicaudus); 42 to 113 for the rainbow trout

(Salmo gairdneri); and 91 to 886 for the fathead minnow

(Pimephales promelas) (U.S. EPA, 1979).

VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived
by U.S. EPA (1979), which are summarized below, have gcne
through the process of public review; therefore, there is

a possibility that these criteria will be changed.

’ @
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‘ v A. Human -

Based on "no effect" levels observed in ciironic
feeding studies in rats or dogs, the U.S. EPA has calculated .
én acceptable daily intake (ADI) level for DEEHP of 42 mg/day.

The recomménded water quali;y criteria level fof
protection of'human health is 10 mg/1l for DEHP (U.S. EPA,
1979).

B. Aquatic
Criterion was not drafted for either freshwater

or marine environments due to insufficient data.

000319




BIS- (2-ETHYLHEXYL) PHTHALATE

REFERENCES i
Albro, P.W., et al. 1973. Metabolism of diethylhexyl phthal-
ate by rats. 1Isolation and characterization of the urinary
metabolites. Jour. Chromatogr. 76: 321.

Autian, J. 1973. Toxicity and health threats of phthalate

esters: Review of the literature. Environ. Health Perspect. .

June 3.

Daniel, J.W., and H. Bratt. 1974. The absorption, metabo-"

‘lism and tissue distribution of di(2-ethylhexyl) phthalate

in rats. Toxicology 2: 5S1.

Engelhardt, G., et al.  1975. The microbial metabolism
of di-n~butyl phthalate and related dialkyl phthalates.
Bull. Environ. Contam. Toxicol. l3: 342.

Gray, J., et al. 1977. Short-~term toxicity study of di-
2-ethylhexyl phthalate in rats. Food Cosmet. Toxicol. 65:
389. v -

Industrial Bio-Test. 1978. Three generation reproduction
study with di-2-ethylhexyl phthalate in albino rats. Plastic
Industry News 24: 201.

Jaeger, R.J., and R.J. Rubin. 1970. Plasticizers from
Plastic devices: Extraction, metabolism, and accumulation
Sy biological systems. Science 170: 460.

Kevy, S.V., et al. 1978. Toxicology of plastic devices
having contact with blood. Rep. NOlL B 5-2905, Natl. Heart,
Lung and Blood Inst. Bethesda, Md.

Lake, B.G., et al. 1975. sStudies on the hepatic effects
of orally administered di-(2-ethylhexvl) pnthalate in the
rat. Toxicol. Appl. Pharmacol. 32: 355.

Lake, B.G., et al. 1977. The in vitro hydrolysis of some
phthalate diesters by hepatic and intestinal preparations
from various species. Toxicol. Appl. Pharmacol. 39: 239.

Mayer, F.L., Jr., and H.O. Sanders. 1973. Toxicology of
phthalic acid esters in aquatic organisms. Environ. Health
Perspect. 3: 153.

Mehrle, P.M., and F.L. Mayer. 1976. Di-2-ethylhexyl phthal-
ate: Residue dvnamics and biological effects in rainbow
trout and fathead minnows. Pages 519-524. 1In Trace sub-
stances in environmental health. University of Missouri
Press, Columbia.

g | 0003L0
A7 /A i




ez

007290

‘ Milkov, L.E., et al. 1973. BHealth status of workers ex-
" posed to phthalate plasticizers in the manufacture of artifi-
cial leather and films based on PVC resins. Environ. Health
Perspect. Jan. 1l75.

Otake, T., et-al. 1977. The effect of di-2-ethylhexyl
phthalate (DEHP) on male mice. I. Osaka-Fuitsu Koshu Eisei
Kenkyusho Kenkyu Hokoku, Koshu Eisei Hen 15: 129.

Peakali, D.B. 197S. Phthalate esters: Occurrence and
biological effects. Residue Rev. 534: 1. ‘

Peters, J.W., and R.M. Cook. _1973. Effects of phthalate
esters on reproduction of rats. Environ. Health Perspect.
~ Jan. 91l. '

Rock, G., et al. 1978. The acéuﬁulétion of mono-2-ethyl-
hexyl phthalate (MEHP) during storage of whole blood and
plasma. Transfusion 18: 553.

' Rubin, R.J., and R.J. Jaeger. 1973. Some pharmacologic
and toxicologic effects of di-2-ethylhexyl phthalate (DEHP)
and other plasticizers. Environ. Health Perspect. Jan.

53. °

Rubin, R.J., et al. 1979. Ames mutagenic assay of a series
of phthalic acid esters: Ppsitive response of the dimethyl

’ and diethyl esters in TA 100. Abstract. Soc. Toxicol. Annu.
Meet. New Orleans, March ll. : .

Schulz, C.0., and R.J. Rubin. 1973. Distribution, metabo-
-lism and excretion @f di-2-ethylhexyl phthalate in the rat.
Environ. Health Perspect. Jan. 123. '

Seth, P.K., et al. 1976. Biochemical changes induced by
- di-2-ethylhexyl phthalate in rat liver. Page 423 in Enviorn-
mental bioclogy. Interprint Publications, New Dehll, India.

Shaffer, C.B., et al. 1945. Acute and subacute toxicity
of di(2-ethylhexyl) phthalate with note upon its metabolism.
Jour. Ind. Hyg. Toxicol. 27: 130.

Singh, A.R., et al. 1972. Teratogenicity of phthalate esters
'in rats. Jour. Pharmacol. Sci. 6l: Sl. ,

Singh, A.R., et al. 1974. Mutagenic and antifertility
sensitivities of mice to di-2-ethylhexyl phthalate (DEHP) ,
and dimethoxyethyl phthalate (DMEP). Toxicol. Appl. Pharmacol.
29: 35. . .

Singh A.R., et al. 1975. Mateinal-fetal transfer of l4c§
di-2-ethylhexvl phthalate and * C-~diethyl pnthalate in rats.

. - Jour. Pharm. Sci. 64: 1347.

“ ¢k ';;,,} ‘ A w
| —~rom 0003241

27-13

(i (I e




Swinyard, E.A., et al. 1976. Nonspecific effect of bis(2-
ethylhexyl) phthalate on hexobarbital sleep time. Jour. .

'Pharmacol. Sci. 63: 733.

Tomita, I., et al. 1977. Phthalic acid esters in various
foodstuffs and bioclogical materlals. Ecotoxicology and ‘ -
Environmental Safety 1: 27S.

U.S. EPA. 1978. 1In-depth studies on health and environ-
mental impacts of selected water pollutants. U.S. Environ.
Prot. Agency, Contract No. 68-01-4646.

U.S. EPA. 1979. Phthalate Esters: Ambient Water Quality °
Criteria (Draft).

U.S. International Trade Commission. 1978.° Synthetic or-~
ganic chemicals, U.S. production and sales. Washington,
D.C.

Waddell, W.M., et al. 197714 The distribution in mice of
intravenously administered C-di-2~ethylhexyl phthalate
determined by whole-body autoradlography Toxicol. Appl.
Pharmacol. 39: 339.

Wallin, R.F., et al. 1974. Di(2-ethylhexyl) phthalate
(DEHP) metabolism in animals and post-transfusion tissue
levels in man. Bull. Parenteral Drug. Assoc. 28: 278.

Yagi, Y., et al. 1978. Embryotoxicity of phthalate esters
in mouse. Proceedings of the First International Congress
on Toxicology, Plaa, G. and Duncan, W., eds. Academic Press,

. N.¥Y. p. 59.

Yamada, A., et al. 1975. Subacute toxicity of di-2-ethyl-
hexyl phthalate. Trans. Food Hyg. Soc. Japan, 29th Meeting
o. 36. A

NI 00032

374




@@zzg@

No. 28

Bromoform

Health and Eanvirommental Effects -

U.S. ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

APRIL 30, 1980

e | 000323
Ay




~e

DISCLAIMER ' .

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to

. ensure ifs technical accuracy. o

e . 000324
d¥-Q -




"y

BROMOFORM

SUMMARY

Bromoform has been detected -in finished drinking water in
the United States and Canada. It is believed-to be‘fbrmed'by the
haloform reaction that may occur during water chlorination:
Bromoform can Ee renmoved from drinking water via treatment with
activated carbon. Natural scurces (especially red algae) produce
significant qﬁantities'of bromoform. There'is a potential for
bromoform to éccumulate in the aquatic environment because of its
resistance to degradation. Vblatilization is likely to be an
important means of environmental transport.

Bromoform gave positive results in mutagenicity tests with

Salmonella typhimurium TA100. In a short-term in vivo oncogen- .

icity assay it caused a significant increase in tumor incidence
at one dose level.

Inhalation of bromoform by humans can cause irritation of
the respiratory tractbandlliver'damage. Respiratory failure is

the primary cause of death in brcomoform-related fatalities.

I. INTRODUCTION

This profile is based primarily on the Ambient Water Quality
Criteria document for halomethanes (U.S. EPA 1979b).

Bromoform (tribromomethane; CHBrB) is a colorless, heavy

liquid similar in odor and taste to chlorofcrm. Bromoform has

the following physical/chemnical properties -(Weast, 1974):

7 0003<S
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Molecular Weight: 252.75

Melting Point: : 8.3'C .
".Boiiing Point: 149.5'C (at 760 mm Hg)

Vapor Pressure:- 10 mm Hg al 34'C

Solubility: slightly soluble in water;

soluble in a variety of
organic solvents.

A review of the production range (includes importation)
statistics for bromoform (CAS Mo. 75-25-2) which is listed in the
initial TSCA Iﬁventoty (1979a) has shown that between 100,000 and
900,000 pounds of this chemical were produced/imported in 1977.:/

Bromoform ‘'is used as a chemical intermediate; solvent for
waxes, gréases, and oils; ingredient in fire-resistant chemicals

and gauge fluids (U.S. EPA 1978a; Hawley, 1977).

II. EX?OSURE

A. Environmental Fate

Bromoform gradually decomposes on standing; air and light
accelerate decomposition (Windholz, 1976). The vapor pressure of
bromofo;m; while lower than that for chloroform and other chloro-
alkanes, is, nonetheless, sufficient to ensure that volatiliza-

tion will be an important means of environmental transport. The.

*/ This production range information dces not include any produt-
tion/importation data claimed as confidential by the person(s)
reporting for the TSCA Inventory, nor does it include any
information which would compromise Confidential Business
Information. The data submitted for the TSCA Inventory,
including production range information, are subject to the
limitations ceontained 1n the Inventory Reportlng Regulatlons
{40 CFR 710). - - -
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half-life for hydrolysis of bromoform is estimated at 686 years.
Bromofornm should be much more reactive in the atmosphere. Oxi-
dation by Hd radical will result in a half-life of a few months
in the troposphere (U.S. EPA, 1977).

B. Biocconcentration

The bioconc?ntration factor for bromoform in aquatic organ-
isms that contain about 8% lipid is estimated to be 48. The
weighted average bioconcentration factor for bromoform in the
edible portion of all a&uatic organisms consumed by Americané is
estimated to be 14 (U.S. EPA, 1979b).

c. Environmental Occurence

The National Organics Reconnaissance Survey detected bromo-
‘form in the finished drinking water of 26 of 80 cities, with a
maximum concentration of 92 ug/l. Over 90% of the samples con- ‘
tained 5 ug/l or less. llo bromoform was found in raw water
samples (Symons et al., 1975). Similarly, the EPA Region V
Organics Survey found bromoform in 14% of the finished drinking
water samples and none in raw water (U.S. EPA, 1975); Using a
variety of sampling and analysis methods, the lNational Organic
Monitoring ‘Survey found bromoform in 3 of 111, 6 of 118, 38 of
113, 19 of 106, and 30 of 105 samples with mean concentrations
ranging from 12-28 ug/l (U.S. EPA, 1978b). A Canadian survey of
drinking w&ter found 0~0.2 ug/; with a median concentration of
0.01 ug/1l (Health and Welfare Can., 1977).

The lNational Academy of Sciences (1978) concluded that ;ater
chlorination, via the haloform reaction, results in the produc-
tion of trihalomethanes (includiné bromoform) f£from the organic .
.-‘Precursors gresent in raw water. ‘ 00032’

.
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Significant quantities of bromoform are also produced from

natural sources, especially red algae. For example, the essen-

tial oil of'Asnazggqg§is taxiformis (a red marine algae eaten by .
Hawaiians) contains approximately 80% bromoform (Burreson et al.,.

1875).

.ITI. PHARMACORINETICS

Eromoform is absorbeﬁ.through the lungs, gastrointestinal
tract, and skin. Some of the absorbed bromoform is metabolized
in thé liver to inorQanic bromide ion. Bromide is found in
tissues and urine following inhalation or rectal administration
of bromoform (Lucas, 1929). Metabolism of bromoform to carbon
monoxide has also been reported (Ahmed, 1977). Recent studies
show that phenobarbital-induced rats metabolize bromoform tocSCCA)
carbonyl bromide (COBrz), the brominated analog of phosgene &Pt

et al., 1979).

IV.. HEALTH EFFECTS

A. Carcinogenicity

Bromoform caused a significant increase in tumor inciﬁence
at one dose level in a short-term in vivo oﬁcogenicity assay |
known as the strdin A mouse lung adénoma test. The increase was
observed at a dose of 48 mg/kg/injection with a total dose of
1100 mg/kg. The tumor incidence was not increased significantly

at doses of 4 mg/kg (total dose of 72 mg/kg) or 100 mg/kg (total

dose cf 2400 mg/kg) (Theiss et al., 1977.
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B. Mutagenicity

Bromoform was mutagenic in S. typhimﬁrium‘strain TA 100
(without metabolic activa;ion) (Simmon, 1977).

C. Other Toxicity ‘

Rats inhaling 250 mg/m3 bromoform for 4 hr/day'for 2 moﬁthé
developed impaired liver and kidney function (Dykan, 1962). |

In humans, inhalation of bromoform causes irritation to the
respiratory tract. Mild cases of bromoform poisoning may cause
only headache, listlessness, and vertigo. Unconsciousness, loss
of refiexes, and convulsions occur in severe cases. The primary
cause of death from a lethal dose of bromoform is respiratory
failure. Pathology indicates that the chemical causes tatty
degengrative and Fentrolobular necrotic changes in thé liver
(U.S. PHS, 19535). ' ‘

Acute animal studies indicate impaired function and
Pathological changes in tﬁe liver and kidneys of animals exposed

to bromoform (Kutob and Plaa, 1962; Dvkan, 1962).

V. AQUATIC EFFECTS
A, Fresh Water Organisms
The 96~hr LCgy (static) in bluegill sunfish is 29.3 mg/l.

The 48-hr LCSO (static) for Daphnia magna is 46.5 mg/l. The.96~

hr ECgys for chlorophyll A production and cell number in S.

capricornutum are 112 ng/l and 116 mg/l, respectively (U.S. EPA,

l1978a). (See also Section II.B.)
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B. Marine Orgahisms
The 96-hr LCgq (static) in sheepshead minrow is 17.9 mg/l.
The 96~-hr Légo (static) in mysid shrimp is 20.7 mg/l. The ECgqs

for chlorophyll A production and cell number in S. costatum are,

respectively, 12.3 mg/l and 11.5 mg/l1 (U.S. EPA, 1978a).

VI. EXISTING GUIDELINES

A. Human

The OSHA ;tandard for bromoform in air is a time weighted
average (TWA) of 0.5 ppm (39CFR23540). l

The Maximum Contaminant Level (MCL) for total trihalometh-
anes (including}bromoform) in drinking water has been set by the

U.S. EPA at 100 ug/l (44FR68624). The concentration of bromoform

léroduced by chlorination can be reduced by treatment of drinking

water with powdered activated carbon (Rook,!1974). This is the
technology that has been proposed b§4£he EPA to meet this
standard. |

B. Aquatic

The proposed'ambient water criterion £for the protection of
fresh water aquatic life from excessive bromoform exposure is 840
ug/l as a 24-hour éverage. Bromoform levels are not to exceed
1900 ug/1 at any time. The criterion for the ptqtection of
marine life is 180 ug/l (24 hr avg), not to exceed 1900 ug/l

(U.S. EPA, 1979b).
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Ahmed,'A.E.. et al. 1977. Metabolism of haloforms to carbon
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards f£rom exposurs to the subject chemi=-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical, This document has undergone scrutiny to

. ensure its technical accuracy. : S




,,,,,,,,

BROMOMETHANE

Summary

On acute exposure to bromomethane, neurologic and psychiatric
abnormalities may develop and persist for amcnths or years. There is
no information on fhe chronic toxieity, carcinogenicity, or teraté-
genicity of bromoqechane. 'Bromomethane has been shown to be mutagenic
in the Ames S. typhimurium test system.

Acute LCgg values have been reported in two tests as 12,000 and

11,00C pg/l for a marine and freshwater fish, respectively.
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I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria’
Document for Halomethanes (U.S. EPA, 197%a).

Bromomethane (CH3Br, methyl bromide, monobromomethane, and
embafume; molecular weighi 94.94) is a colorless zas. Bromomethane .
has a melting point of =93.69C, a boiling point‘of 3.S6°C, a specifié
gravity of 1.676 g/ml at -20°C, and a waﬁer solubility of 17.5 g/l
at 20°C (Natl. Acad. Sci., 1978). Bromomethane has been widely used
as a fumigant, fire extinguisher,vrefrigerégt, and insecticide (Kantarjian
and Shaheen, 1963). Today the major use of bromomethane is as a
fumizating agent. Bromomethane is believed to be formed in nature;
with the oceans as a primary source (Lovelock, 1975). The other ’
;ajor environmental source of bromopethane ;s from its agricultural
use as # soil, seed, feed and space fumigzant. For additional information
regarding ﬁalometnanes as ; class the reader is referred to the
Hazard Profile on Halomethanes (U.S. EZPA, 1979b).

1. EXPOSURE |
A. Water
The U.S. EPA (1975) has identified brohﬁmethane qualiiatively
in finished drinking waters in the U.S. -There are, however, no data
on its concentration in drinking water, raw water, or wasie Qater
(U.S. EPA, 1979a). |
8. Fooq

There is no information on the concentration of bromcmethane
in food. 3romomethane residues from fumigation decrease rapidly

through loss to the atmosphere and reacticn with protein to form

7
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inorganic bromide residues. With proper zeration and product processing,
most residuél bromomethane will rapidly disappear due to amethylation
reactions énd volatilization (Natl. Acad. Sci., 1978; Davis, et al.
1977). There are no bioconcentration data for bromomethane (g.s.
EPA, 1979a).
c. Inhalation
Saltwater a;ﬁospheric background concentrations of bromomethane
averaging about 0.00036 mg/m3 have been reported (Grimsrud and Rasmussen,
197S; singh, et al. 1977). This is higher than reported average
continental background and urban levels and suggests that the oceans
are a major source of global bromomethane‘(Natl. Acad. Sci., 1978).
Sromomethane concentrations of up to 0.00085 mg/m3 may occur outdoors
locally with light traffic, as a result of exhaust containing bromomethane
as a breakdown product of ethylene dibromide, which is used in leaded
gasoline (Natl. Acad. Sci., 1978).
III. PHARMACOKINETICS
A. Absorption
Absorption of bromomethane most commonly occurs via the
lungs, although it can al;o occur through the gastrcintestinal tract
and the skin (Davis, et al. 1977; von Oettingen, 1964).
B. Distribution
Upon absorpticn, blood levels of residdal non-volatile
Yromide increase, indicating rapid uptake of bromomethane or its
metabolites (Miller and Haggard, 1943). 3romomethane is rapidly
distributed to various tissues and is broken dcwn to inorganic bécmidé.

Storage, only as bromicdes, occurs mainly in lipid-rich tissues.

P -
000337
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‘ C. Metabolism

Evidently the :oxicity‘of bromomethane is mediated by the
'bromométhane molecule itself. - Its reaction with tissue (methylation
of sulfhydéyl groups in cri:;cal cel;uiar proteins and enzymes)
results in disturbance of intracellular metabolic functions, with
irritative, irreversible, or paralytié consequences (Natl. Acad.
Sei.,* 1978; Davis, et al. 1977; Miller and Haggﬁrd, 1943).
D. Excretion |
Elimination of bromdmethane is rapid initially, large;y
through the }ungs. The kidneys eliminate much of the remainder as
promide in the urine (Natl. Acad. Sci., 1978).
IV. EFFECTS
Pertinent information relative to the carcinogenicity. teratogenicity
or other reproductive effects, or chronic toxecity of bromomethane
. .were not found in the available literature.
a. Mutagenicity '
Simmon and coworkers (1977) reported that bromomethane was'

mutagenic tb Salmonella tyonimurium strain TA100 when assayed in a

dessicator whose atmosphere contained the test compound. Metabolic
activation was not required, and the number of revertants per plate
was directly dose-related.
8. Other Relevant Information
In several species, acute fatal poisoning has involved
marked'central nervous system disturbances with a vaf;ety of manifestations:

ataxia, twitching, convulsions, coma, as well as changes in lung, liver,

I | 000338




heart, and kidney tissues (Saye.r,-et al. 1930; Irish, et al. 1940; .
Gorbachev, et al. 1962; von Oectiﬁgen, 1964). Also, residual bromide
in fumigatéd food nhas produced some adverse effects in dogs (Resenblum,
et al. 1960Q).
V.. AQUATIC TOXICITY
Two acute toxicity studies on one freshwater and one amarine

f£ish species were reported with Lcsb values of 11,000 ug/l for freshwatar

bluegill (Lepomis macrochirus) and an LCgp value of 12,000 ug/l for

the marine tidewater silversides (Menidia beryllina) (U.S. EPA,

1979a). Pertinent information relative to aquatic chronic toxicity
or plant effects for bromomethane were not found in the_available
literature.
VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived by .
U.S. EPA (1979a), which are summarized below,'have Zone through the |
process of public review; therefore,.thére is a possibility that
these criteria will be changed.

A.  Human

The current OSHA standard for occupational exposure to

sromomethane (1976) is 80 mg/m3; the American Conference of Governmental
Industrial Hygienist's (ACGIH, 1971) threshold limit value is 7
mg/m3. The U.S. EPA (1979a) draft water quality criteria for bromcmethane
is 2 pg/l. Refe? to the Halomethane Hazard Profile for discussicn

of criteria derivaticn (U.S. EPA, 1979b).

S ' 000359
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B. Aquatic Toxicity
The draft criterion for protecting freshwater life is a
284-nour average concentration of 140 pg/l, not to exceed 320 pg/l.

The marine criterion is 170 pg/l as a 2l-pour average, not to exceed

380 pg/l.

000330
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. DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal.. The information contained in the report is drawn chiefly
from secondary -sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the

“adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny %o

. .ensure ltS technical accuracy.
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4-Bromophenyl phenyl ether
SUMMARY -

Very little information on 4-bromophenyl phenyl ether exists. 4-Bromophenyl
phenyl ether .has been identified in raw water, in drinking water and in river
water. 4-Bromophenyl phenyl ether has been tested in the pulmonary adenoma
assay, a short-term carcinogenicity assay. Although the results were negative,
several known carcinogens also gave nggacive résuits. No other health ef.fe'cts
were available. &4-Bromophenyl phenyl echer appears to be relatively toxic
to freshwater aquatic life: a 24-hour average criterion of 6.2 ug/L has been

pto‘posed .
I. INTRODUCTION

4-Bromophenyl phenyl ether (Btcsﬁl:b%ﬂs; molecular weight 249.11) is a
liquid at room temperature; it has the following physical/chemical properties
(Weasc 1972):

Melting point: 18.72°C

Boiling point: 310614°C (760 om Hg)
163°C (10 mm Hg)

Density: | 1.4208%0
Solubility: Insclyble in water; soluble In ether

. No information could be found on the uses of this substance.

A review of the production range (includes importation) statistics
for 4-bromophenyl phenyl ether (CAS Nol 101-55-3) which is listed in the initZal
TSCA Inventory (1979) has shown that between 0 and 900 pounds of this chemical
were produced/imported in 1977.%

.'rhis production range information does not include zny production/impor®ation
data claimed as confidential by the person(s) reporting for the TSCA Inventory,
nor does it include any information which would compromise confidential business
information. The data submitted for the TSCA Inventorv, including production
range information, are subiect to the limitations contained in the Inventory
Reporting Regulations (40 CFR 710).

i 000345
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II. EXPOSURE

No specific information relevant to the envirormental fate of 4-bromophenyl.
phenyl ether was found in the literature. A U.S. EPA report (1975a) included this
substance in a category with several other drinking water contaminants consid-
ered to be refractory to biodegradatiom (i.e., lifetime greater than two years
in unadapted soil§ point socurces unable to be trea:ed,biolbgicélly)., However,
the authors did not present or reference experimental data to support the inclu-

- . sion of 4-bromopheny phenyl ether in this category. U.S. EPA (1975a) estimated
that three’ tons of 4-bromophenyl phenyl ether are discharged annually.

- . A-Bromophenyl phenyl ether has been identified as a contaminant in finished

drinking water on three occasions, in raw water on ome occasion and in river

water on one occasion. No quantitative data were supplied (U.S. EPA, 1976). Fri-
loux (1971) and U.S. EPA (1972) have also reported the presence of 4-bromophenyl
phenyl ether in raw and finished water of the lower Mississippi River (New

Orlesns area). Again, no quantitative data were supplied. U.S. EPA (1975) sug-
gest that 4~bromophenyl phenyl ether may be formed duringAche chlorination of

‘ ' treatéd sewage and drinking water.
ITI. PEARMACOKINETICS

No information was located.

4

HEALTH EFFECTS

A. Carcinogenicitv

Three groups of 20 male mice were administered intraperitoneal doses
(23, 17 or 18 doses, respectively) of 4-bromophenyl phenyl echer in tricaprylin
vehicle three times a week for 8 weeks (Theiss et él. 1977). The .total doses
were 920, 1700, or 3600 mg/kg, respectively. Animals were sacrificed at 24
weeks from the start of the experiment. Incidences of lumng adenomas were not
significantly increased, as compafed with vehicle controls. However, this short-
term assay should not be considered indicative of the nononcogemicity of 4-

bromophenvl phenyl ether as several knmown oncogens tested negative iIn this assay.

———— 000346
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V. AQUATIC TOXICITY
A. Acure

An unadjusted 96 hour LC 0 of 4,940 ug/L was determined by exposing

5

bluegills to &4-bromophnenyl phenyl ether (Table l).  Adjusting this value for tesc

conditions and species sensitivity, a Final Fish Acute Value of 690 ug/L is obtained

(U.S. EPA, undated).
Exposure of Dapimia magna, yielded an unadjusted 48 hour LCgq of 360 ug/L

~ (Table 2). The Final Invertebrate aAcute Value (énd the Final Acute Value) for

4-bromophenyl phenyl ether is 14 ug/L (U.S. EPA, undated).

B. _Chronie

In an embryo-larval test using the fathead minnow (in which survival and
growth were observed), a chromic value of 61 ug/L was obtained for 4-bromophenyl
phenyl ether exposure (Table 3). Dividing by the species sensitivity factor
(6.7), a Final Fish Chromic Value of 9.1 ug/L is derived. Since no other
informaction is .available, this value is also :'he Final Chronic Value (U.S. EPA,

undated) .
VvI. IXISTING GUIDELINES

‘A.  Aquatic

A 24 hour average concentration of 6.2 ug/L (6.2 ug/I.'a 0.44 x 14 ug/L
(Final Acute Value)) is the recommended criterion to protect freshwater aquatcic

life. The maximum allowable concentration should not exceed 14 ug/L at any
rime (U.S. ZPA, undated).

000347
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Table 1. Freshwater fish acute values

: Adjusted
. Bioassay Test Chemical - Time LCs0 LCS0
Organism - Method* Conc.** Description (hrs) (ugt) (ug/L)
Bluegill, s U  4-Bromophenyl- 96 4,940 2,700

Lepomis macrochirus ) phenyl ether

* S = static - - -
*% {J = ymmeasured

Geometric mean of adjusted values: ,4-Bromophenylphenyl ether = 2,700 ug/L

2,700

T3 - 690 ug/L
Table 2. Freshwater invertebrate acute values
. Adjusted
Biocassay Test Chemical Time LCs0 LCso
Organism . Method* Conc.** Description (hrs) (ug/L) (ug/L)
Cladbceran, s o] 4-Bromophenyl- 48 360 300
Dapimia zagna phenyl ether

* § = static
*% [J = ynmeasured

Geometric mean of adjusted values: 4-Bromophenyl phenyl ether = 300 ug/L

300 i
31 = 14 ug/L

Table 3. Freshwater fish chronic values, 4-Bromophenyl phenyl ether

. : Chronic
’ ‘ Limits Value
Organism Test* (og/L) (ug/1)
Fathead minnow, E-L 89-167 61
Pimephales promelas
* B-L = embryo-larva
Geometric mean of chromic values = 61 ug/L %l7 = 9,1 ug/L

Lowest chronic value = 61 ug/L

A - 000348
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi~
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
cadmium and has found sufficient evidence to indicate that

this compound is carcinogenic.

3/1-3
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CADMIUM

Summary -

The major non-accupational routes of human cadmium =xposure are througn
food and tobacco smoke. Orinking water also contributes relatively little
to the average daily intake.

Soigemiological studies indicate that cadmium exoosure may increase the
mortality level for camcer of the prostate. Long-term feediﬁg and innhal-
atién studies in animals have not produced tumors, while intravenous admin-
istration of caagmium has produced only injection site tumors. Mutagenic
effects of cadmium exposure have heen seen in animal studies, bacterial sys-
tems, in vitro tests, and in the chromosomes of occupationally exposed
warkers. ‘

Cacmium has produced teratogenic effects in several species of animals,
tossibly through interferenmce with zinc metabolism. Testicular necrosis and
neurobeha?ioral alterations in animals following exposure curing pregnancy
have teen produced by cadmium in animals.

Chronic exposure to cacmium has oroduced emphysema and a'cnaracteristic
synarcmé (Itai-Itai disease) followiné renal damage and gsteomalacia. A
causal relationship bpetween chronic cadmium exposure and hypertension in
hunans has been suggested but not confirmed.

Cadmium is acutely toxic to freshwater fisn at levels as low as 0.55
pg/l. Fresnwater fish empryo/larval stages tended to be the most sensitive
ts cagmium. xMaring fish were generally more resistant than freshwater
Fish. The long half-lifg of caomium in aguatic organisms has been postu-
lated, ang severe restrictions to gill-tissue resoiration nave been cbserveg

-

at concentrations as low as 0.5 ug/l.

s 000353
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CADMIUM '
1. INTRODUCTION

This profile is based on the Ambient Water Quali;y Criteria Oocument
for Cadmium (U.S. EPA, 1979).

Cadmium is. a soft, bluish-silver-white metal, harder than tin but
softer than zinc. The metal melts at 321°C~and shows a boiling poinﬁ of -
765°C (U.S. =PA, 1978h). Cacmium dissolves readily in mineral acids.
Scmé of the physical/chemical properties of cadmium and its campounds are
summarized in Table 1 (U.S. EPA, 1978b).

Cadmium is currently used in electroplating, paint and pigment

manufacture, and as a stabilizer for plastics (Fulkerson and Goeller, 1973).

Current production: 6000 metric tons (1968) (U.S. EPA, 1978b)
Proiected production: 12,000 metric tons (2000) (U.S. EPA, 1978b)

Since cadmium is an element,~ it will persist in some form in the
envirorment. Cacmium 1is precipitated from solution by carbonats, hydrox-
ice, and sulfide ions (Baes, 1973); this is dependent on pH and on cadmium
concentTation. Complexing of cadmium with other anions will produce sﬁluble
forms (Samuelson, 1963). Cadmium is strongly adsorbed to clays, augs, humic
and ofganic materials and some hydrous oxides (Watson, 1973), all of which
lead to'precipitaﬁion frem aqueous media. Cacmigm carreces slichtly in ai:,»
sut form; a protective sur?ace film whicn prevents further Ecrrosion (U.S.
£PA, 1978b). ‘

I1I. EXPOSURE

Cacmium is universally associated with zinc and aopears with it in

natural decosits (Hem, 1972). Major sources of cadmium crelease into the

environment include emissions from metal refining and smelting plants, in-

cineraticn of polyvinyl chloride olastics, emissions from use of fossil

o
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fuels, use aof certain phdsphate fertilizers, and leaching of galvanized iron
pipes (U.S. £PA, 1978b). The major non-occupational routes of numan expo-
sure to cadmium are through foods and tobacco smoke (U.S. EPA, 1579).

Based oﬁ'available monitoring data, the U.S. EPA (1979) has estimated

the uptake of cadmium by adult humans from air, water, and food:

Adult
Source Ka/day
Maximum conditions
Air-ambient .008 mg/day
Air-smoking 5.0
Foods : 75.0
Drinking water 20.0
Total 304,008
- Minimum conditions
Air-ambient 0.00002
Air-smoking -0
Faod. 12.0
Orinking water 1.0
Total 13.00002

The variation of cadmium levels in air, food, and water is guite exten-
sive as indicated above. Leafy vegetébles, centaminated water, and air near
smelting plants 3all present scurces of high potential exoosurs. The U.S.
€A (1979) haé estimated the weignted average bioconcentration factsr of
cacmium tdlbe 17 in the edible portions of fish anc shellfish consumed by
Americans.

III. PHARMACOKINETICS

A, -Absorption'

The main routes by which cadmium can enter the body are inhalation
and ingestion.  Particle sizé and solubility greatly influence the biolog-

ical faté of inhaled cadmium. When a large proportion of particles are in
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. the mspiréble range, up to 25% of the inhaled amount may be absorbed (EFA,
1979). Cadmium fumes may have an absorption of up to Sd%, and it is esti-
mated that up to SC% of cadmium in cigarette ;moke may be abscrsed (WHO,
1977; €linder, et al. 1976). Large particles are trapped by the mucous mem-
branes and may eventually be swallowed, -resulting in gastrointestinal
absgrption (EPA, 1979). ’
Only a smail preportion of ingested cadmium is absorbed. Two humén
studies using radiolabelled cadmium have indicated mean cadmium absorption
from the gastrointestinal tract of & and 4.8% (Rahola, et al. 1973; ;
McLellan, et al. 1978). - various dietdry factors interact with cadmium ab- ’ ]
sorption; these include calcium levels (Washko and Cousins; 1976), vitamin D |
levels (Worker and Migicovsky, 1861}, zinc, iron, and copper lavels (éanis,
et al. 1969). and ascorbic acid levels (Fox and Fry, 1970). Low protein
| ' diets enhance the uptake of cadmium from the gastrointestinal tract (Suzuki,
‘ et al. 1569).
' ' Dermal absorction of cadmium aopears to occur to a small extent;
‘ Wahlberg (1965) has determined that up to 1.8 percgent of high levels of cad-
mium chlorice werse absorbed By guinea ﬁig skin.
Cacmium levels have béen determined in human embryos (Chauce, et
al. 1973) and in the blood of rewberns (Lauwerys, 1978), indicéting passage
of cadmium occurs across the placental membranes. | - - _
8. Oistribution
Cadmium is principaliy stored in the liver, kidneys, ard paﬁc:eas
with higner levels initially found in the liver (WHO Task Group,_ 1977).

continued axposure leads to accumulation in all of these organs; levels as
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high as 200-3C0 mg/kg wet weight may be found in the renal cortax. This
storage appears to 5Se dependent on the association of cacdmium with the
cagmium binding protein, metallothionen (Norcberg et al., 1975).

Animai: stééies indicate that following intraperitoneal or int-a-
vénous administration of cacmium most of the compound is found in the bleod
plasma. After 12-24 houré the plasma is cleared and most of the compound is
associated with red bleod cells (U.S. EPA, 1978b).

The cadmium body turden of humans increases with age (Friberg, st
al. 1974) from very minimal levels at birth to an average of up to 30-40 mg
by the age of 50 in non-cccupationally exposed individuals. Liver accumu-
lafion continues through the last decades of ' life, while kidney concen-
trations increase until the fourth decade and then decline (Gross, et al.
1976). The pancreas and salivary glands also centain considerable ccncen-
trations of cacmium (Nordberg, 1975). Smoking effects the body burden. af
cacmium; levels in the renal cortex of smokers may be double those found in
ron-smokers (Elinder, et al. 1574; Hammer, et al. 1971).

C. Metabolism,
Pertinent dats were not found in the available literature.
0. gExcretion |

Since only about 6 percent of ingested cacmium is absoroed, a large
aroporticn of the compound is eliminated by the feces (U.S. EPA, a or o).
Some biliary excretion of cacmium has been demonstrated in rats (Stowe,
1976); tnis represented less than 0.1 percent of a subcutanecuély adminis-
tered dose. |

Urinary excretion of cadmium is appro#imately 1-2 mg/day in the
general population (Imbus, et al. 1963; Szackowski, et al. 19€9). Océhpa-

ticnally exposed individuals may show markegly higner Jrinary excretizn

B fniin 000359
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levels (Friberg, et al. 1974).

‘ 10-30 years. .

' - cancers (not significant). After reviewing these studies,
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A modest increase in human urimary excretion

of cadmium has been noted with increasing age (Katagici, et all 1971).

Additional sources of cadmium loss are through salivary excretion

and sneddxng of hair (U. 5. EPA, 1979).
Biological half-life _calculaticns for exoosed workers have given

values of up to 200 uays (urine). Direct comparisons of urlnary excretlon

levels and estimated body burcen using Japanese, American, and German data,

suggest a half-time of 13-47 years. Using more comolex metabolic medels,

Frieberg, et al.- 1974 concluded that the biolegic half-time is probably

The most recent estimate of biolegic half-time is 15.7 yearls

by £1lis (1979).
Iv. EFFECTS
A. Carcinogenicity
The results of several epidemiclogy studies of‘the relationshio of
cancer to occupationmal exposure io cacmiun are sumnarized in Taple 3 (U.S.
‘EPA,>'1978a). The oﬁly consistent trend seen in these studies is an
imc-eased incidence of prostate camcer in cadmium-exposed workers{ ‘A recent
stugy by Kjellstrom, et al. (1979) 6? 269 cédmium-nickel battery factory
workers found increased cancer mortality Frch nasopharyngeal cancer (signif-

icant) and increased mortality trerds for prostate, lung, anc colcn-rectum

EPA (1979) has
concluded that cadmium cannot be definitely 1mpl*cat=d as a human carcino-

gen with the available data.

Animal experiments with the acministration of cacdmium by subcu-

taneous or intravenous injection have demonstrated that cacmium pzoduces

s 000360
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injection site sarcomas and testicular tumors (Leydigiomas) (see Table 2;
U.S. £PA, 1978a). A large numper of metals and irritamts produced csﬁpar«
- able injection site sarcomas. (ong term feeding and inhalation studies with
cadmium have not produced tumors (Schroeder; et al. 1964, Levy, et al. 1973;
Decker, et al. 1958; Anwar, et al. 1961; Paterscn, 1947; Malcolm, 1972)

V At the present time, the draft ambient water quality criterion for
protection of human health is based on the toxicity of cadmium rather than
on any carcinogenic effects. Though the studies summarized above qualita-
tively indicate a careinogenic .potential for cadmium, quantitatively, the
issue has not been resolved.

8. Mutaéenicity

An increased incidence of chromosomal aberrations has been naotea in

workers occupaticnally axposed to cadmium and in Japanese patients suffering
cadmium toxicity (Itai-Itai disease) (Bauchinger, et al. 1976; Bui, et al.
1975; Deknudt and Leonard, 1976; Shiraisni and Yoshida, 1972).

Cagmium has teen shown to produce mutagenic effects in vito zna in
vive in several systems (see Table 4; U.S. ZPA, 1978 3 or b). These effects
include induction of coint mutations in bacterial systems, chromoscme apers-
ations in cultured cells and cytogenetic damage in vive, and prcmbtian of
error prone base incorporation in ONA in vitrg. Several Investigaicrs have
Been qnable to show dominant lethal effects of cacnium in mice (Epstain, et
al. 1972; Gillivod and lLeonard, 1975; Suter, 1975). Point mutation stuaies
w#ith cacmium in Oroscphila have also prcduéed'negative findings (Shabalina,
1963; Friterg et ai., 1974; Sorsa and Pfeiffer, 1973).

C. Teratogenicity

Camage to the reproductive tract resulting frem 3 single dose of

carenterally acministered cacmium chloride (2 mg/kg). have been cbserveg in

e 000361
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S TABLE 2

STUDIES ON.CADN1UM CARCINOGENESTS IN EXPERIMENTAL ANIMALSn

 AuLths : Anlmals Compounds and routes Tumors
‘ Heath et al., 1962; lleath and Daniel, 1964  Rats Cd pouder ‘in fowl serum (1m)b Sarcomas
Kazantzls, 1963; Kazantzis and Nanbury, 1966 Rats ‘CJS, Cdé (ac)b ‘ . Surco#us
Haddow et sl., 1964; Roe et al., 1964 Rats Cds0,, cdcly (sc) . ‘ Sarcoms and lLeydlgiomas
Gulhrlc, 1964 | Chickens Cd012 (intratesticular) Teratoma 4
'f:§ Gonn et al., 1963; 1964; 1965; 1967 A Rats, Mice Cd012 (im) - Sarcomas and lLeydigliomas
\ Schroeder ct.al., 1965; Kanlsawa and Rats, Mice Cd-acetate (drinking water) No Tumorigenic Effect
.(\“ Schrocder, 1969 ‘ : o

Nozaxt er al., 1967; Favion ct al., 1968 Rats Cd012 (sc)‘ - o Sarcomas aund leydigiomas
Knorre, 19705 1971 . . Rats ' Gd012 (sc) Sarcomas and lLeydiglomas
Luc;s el QL.. 1972; 197]. . Rats Cd012 (sc, 1ntruhepgt1c) Sarcomas and Le*dlgiomus
Reddy ¢t al., 197) S Rats. - edel, (sc) . . Leydiglomas

levy et al., 1973 ‘ ) Racs . | cdso, (sc) Sarcomas ‘

Levy and Clark, 1975; Levy et al., 1975 Rats, Mlce -. CdSO4 (gastric intubution) "No Tumorigenic Effect

fdapted from Sunderman, 1977,

292000

b
Intramusceular; Imy subcutaneous: sc.
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TABLE 3

SUMMARY OF RESULTS OF NUMAN EPTDEMIOLOCY STUDIES OF CANCER EFFECTS

ASSOCIATED WITH OCCUPATIONAL EXPOSURES TO CADMIUM

Cadnlum

Population Compound Incidences of Incidences of Incidences of

Gronp Studfled Exposed To All Concers Lung Cancer Prostrate Cancer Reference

Battery faclory Cadmium oxide High Normnal Nigh Potts (1965)

workers . ' : !

Bateery factory Cadmium oxide Normal Normal lidgh Kipling and

warkers Haterhouse
(1967)

Cadmiom smelter Cadmium oxide, figh ligh gh Lemon et al.

vorker oLhers ' (1976)

Rubber Industry Cadmlum oxide High Normal igh McMlchael et al.

wvorkers

(1976)
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‘ " rats, rabbits, guinea pigs, hamsters, and mice (Parizek and Zahor, 1956;
Parizek, 1957; Mesk, 1959). This susceotibility appears ¢o.%e genetically
regulated since different strains of mice show differential suscentibility
(Wolkowski, 1975). |

'Te:atcgenic effects of cadmium compounds administered parsnterally
have been reported in mice (Eto, et al. 1975),- hamsters (Ferm and Carpenter,
1968; Mulvihill, et al. 1970; Ferm, 1971; Gale and Ferm, 1973) and rats
(Chernoff, 1973; 8arr, 1973). Oral administration of cadmium (10 cem) has
demonstfated teratogenic effects in rats (Schrceder-.and Mitchener, 1971),
bdt no teratogenicity has.been reported in rats and monkeys (Cuetkoya, 1970;
Pond and Walker, 1575; Willls, et al. 1976; Campbell and Mills, 1974).

0. Otner Reproductive Effects |
Rats in late pregnancy are apparently more sensitive to cadmium
than non-graVid animals or those immediately post-partum. A single dose of
. 2-3 mg/kg of bogdy weignt given during the last 4 days of pregnancy rasultad
iq hign mortality (76 percent).
Ih addition to the embryctoxic effects of cadm;um indicated in
Section C, persisting effects of caomium 2xposure .guring pregnancy cn costu-
lated cevelopment and growth of offspring have been obsarveg. This inclucas
neurobenavioral alteraticn in newborn rats (Chowcbury and Lauria, 1978) and
growth deficiencies in lambs (U.S. EPA, 1978a).
€. Chronic Toxicity
Friberg (1948, 1950) observed’emphysema'in workmén excosed to cad-
mium dust in an alkalihe battery factory. This finding has subseguently

been well cocumented (U.S. EPA, 1979).

) I~/ | 000364
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TABLE 4

SUMMARY OF MUTAGENICITY .—.mw.—..zmmc—..-.m

91-1€

69L000

Reported

Pest System Cenetice Effect Mutagenicity References
Systems in vitro

Muman celly Chromosomal damage + Shivaishi et al., 1972

Chinese Namster Cells Point mutation + Costa ct al., 1976

§. cevevisfae Polnt mutation + Tokahoshi, 1972

B. subtilis recomb nant Gene mutation + Nishioka, 1975

assay . .

Polynucteot ldes Base mispalving + Sirover and lLoeb, 1976
Systems in vivo

thaman leukocytes Chromosomal damage ) -+ Shirashi and <om=w;=m 1972

Human Jeukocytes Chromosomal damage - Bui et al., 1975

Human leukocytes Chromosomal damage + peknudt and Leonard, 1975

Human leukocytes Chromosomal damage + " Bauchinger et al., 1976

Wat spermiatoponia o Allered spermatopenesis + lLee and Dixon, 1973

House vocyles Cytogenetic damage + Shimada et ul., 1976

Pouse brecdiog
House byveeding
Nouse breediong
tHammal s

n. welanopaster

pominant lethal wutatlons
powinant lethal mutatfous
pominant lethsl wutatlons
Chromosomal abnormalitles
Sex-1inked recessive leghal

Epstein et al., 1972
¢illiavod and leonard, 1975
Suter, 1975

Shimada et al., 1976

Sorsa and Pfcifer, 1973
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‘ ’ Chronic cadmium exposure preduces renal tabular damage that is
characterized by the appearance of & characteristic protein 982-micro-
globulin) in the urine. Renal damage has been estimated to ocsur when
cadmium levels | in the renal cortex reach 200 mg/kg (Kjellstzon, 1977).
Itai-Itai disease is the result of cadmium induced renal damage plus ostzo-
malacia (U.S. EPA, 1578a).

Exposure to'_higt_w ambie_r_\t cadmi_L.}m levels ma;y cont:ibute to the etiop-
logy of hypértension (U.S. EPA, 1979). Several studies, however, have ceen
unable to show a corzelation between ‘remal levels of cacmium and hyper-
tension (Morgan 1972; Lewis, et al. 1972; Beevers, et al. 1976).

Friberg (195Q) and. 8lejer (1971) have noted abnormal liver function
tests in workers exposed to cadmium; however, these workers were occupa-
-tionally exposed to a variety of agents.

The immunosuppressive effects of cadmium exposure, including an in-

‘ ; cﬁe_ased susceptibility te various infections, have been ceported in several
animal studies (Cook, et al. 1975; Koller, 1973; £xon, =t al. 1975).

V.  AQUATIC TOXICITY '

A. ACu:e Toxicity

| Acute toxicity in freshwater fisn has bteen studied im a number of
9_6;-hour bicassays consistingi of one static renmewal, 22 static, and 19 flow-
through tests. LCSO values ranged from 1 pg/l for st-ipped bass larvae

(Roccus  saxatilus) (Hughes, 1973) to 73,500 for the fathead minnow

(Pimeohaleé promelas) (Pickering and Henderson, 1965). Incrsased resistance

to the toxic actien of cadmium in hard waters was observed. The LCSO
values for freshwater Iinvertanrates rcanged from 3.5 for Cladoceran |

(Simoceohalus serrulatus) to 28,000 pg/l for the mayfly (Echemerslls grancis

grzrdis). Acute LC‘O vaiuves for marine fish ranged frem 1,5C0 ug/l for
e . .'!'3-"_-
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larval Atlantic silversices (Menidié menida) (Middaugh and Oean, 1977) to '

114,000 pg/l for juvenile mummichog (Fundulus heteroclitus)-(VOye:, 197s).

. Intraspecific and life stage differences have shown that larval stages of
the Aﬁlantié silversides and mummichog are four times more sensitive than
adults under the same test conditions (Middaugh and Oean, 1577). Ma:ine
invertebrates are more sensitive to cadmium than- are marine fishes. ‘L;.SO
values ranced from 15.5 pg/l for the mysid shrirﬁp (Nimmo, et ‘al. 1977a)- ts
46,600 for the fiddler crab (Uca pugilator) (G'Hara, 1973).

B. Chronic Toxicity '

Chronic values for freshwater fish ranged from 0.3 pg/l in a brook

trout (Salvelimus fontinalis) embryo larval assay (Sauter, et al. 1576) to

30 pg/l in a life cycle (or partial life cycle) assay for the bluegill

(Leoomis marcochirus) in hard water (Eaton, 1974). Salmonids were in

general the most sensitive species examined. Data for freshwater inverte- ‘

brates depend on a singlé ng/l obtained for Daphnia magna (Biesinger anc

Christensen, 1572). No chronic studies were available for cacmium effects
in marine fisnes. The only marine inverteporates data reported was the

chronic value of 5.5 ug/l for the mysig shrimo, Mvsidopsis banis. In this

animal no measurable effects on brood appearance in the pouch, release,
average numtﬁer per female, or survival were observed at concentraticns of
4.8 pug/l.
C. Plant Effects _
Sffective conmcentrations for freshwater plants ranged from 2 pg/l,
which causes a 1C fold growth rate decrease in the diatom, Asterionella
formosa (Conway, 1978), to 7,400 ug/l, which causes a SC% root weight,inhi-

bition in EZurasian water-milfoil (Mvricenvllum soicatum). In marine algae,

U asq - - 000367
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‘ 96~hour ECSO. growth rate assays yielded values of 160 and 175 pg/l for
Cvclotella nana and Skeletonema costatum respectively (Gentile .and Johnson,
1974).
0. Residues

Bioconcentration factors ranged from 151 for brook trout to 1,988
for the flagfish (Jordanella floridae). One characteristic of cacmium tox-
icity in aquatic organisms was the passible long hal‘f-li.fe of the ﬁhemicél
in certain tissues of exposed brook trout even after being placed in clean
water for several weeks. Testicular damage to adult mallards was ob_servéd
when fed 20 mg/kg cadmium in the diet for 90 days. In marine organisms

bioccncentratich values ranged from 37 for the shrimp Crancon crangon to |

1,220 for the American oyster, Crassostrea virdinica (Schuster and Pringle, J
1969).
£. Miscellaneous
. Several studies on marine organisms have cemonstrated significant

reduction in gill-tissues respiratory rates in the cunnmer, Tautoccolabrus

adeoersus, the winter flounder, Pseudcoleuronectss americanus, and the

stoicped bass, Morone saxatilis, at concent-ations as low as 0.5 ua/l.

VI, EXISTING GUICELINES
A. Human
It 1s not recommended that cacmium be consicersd a suspect human
~carcinogen for purposes of calculating a water quality criterion (U.S. EPA,
1979).
| The SPA Primary Drinking Water Standard for protection of human
health is 10 pg/l. This level was also adcpted as the draf: a:ﬁoient water

quality criterion (U.S. £PA, 1979).

S S 000368
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1co pg/m3.

The OSHA time-weightad average =xposure criterion for cadmium is

8. Aguatic
Thé draft criterion proposed for fresnwater organisms tc cacmium
has been prepared following the Guidelines, and is listed according to the

following equation:

-

e(0.867 In-(hardness) - 4.38)

for a 24-hour average and not to exceed the level descrited by the following

equation:
e(1.30 In-(hardness) - 3.92)

The proposed marine criterion derived following the Guidelines is 1.0 ug as

a 24-nour average not to sxceed 16 pg/l at any time (U.S. EPA, 1979).
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CARBON DISULFIDE

I. | PHYSICAL AND CHEMICAL PRbPERIIES )
Céz (FW 76.1&).13 solubie in water at 0.2942 (20°C),.and

chelates trace Qe:als, especially Cu and Zn. It is a colorless,

volatile, audAgxﬁremely flammable liquid at RT. CS2 has no

odor wﬁen'pure}

II.  PRODUCTION AND USE

CS59 1s produced in petroleum and cocal tar refining. 1Its

principal uses are as a solvent in the manufacture of rayon,

‘rubbé:, chemicals, solvents, and pesticides.l 1In 1974, 782

million pounds of CS, were produced in the United States.2 In

1971, 53% was used in production of viscose rayon and cellphane
and 25Z for manufacture of CCyg.

III. EXPOSURE

CSp was detected in 5 of 10 water supplies surveyed by

the EPA.3 NIOSH25 estimates that in the U.S. 20,000 employees

are potentially exposed to CSsz.

III.. PHARMACOKINETICS

A. Absorption: - Absorption differs with species and

route of adminiscrationa; inhalation and skin absorption are

tﬁé~ﬁbst important routes for humans (31),

B. Distribution: Large concentrations of both free

and bound €S2 are found in btain‘(guinea pig) and peripheral

werves (rats) of exposed animals. The ratio of bound to
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free CSp 1s brain 3:1. Blood and fatty tissues contain mainly

bound CS,, while liver contains CS, mainly in the free (unboun&) fo‘

‘C. Metabolism: CSy is 90% metabolized by the P-450

system to inorganic sulfate.’ A portion of the S released by

CSy 1is thought to react with SH groups of cysteine residues

in the microsomal proteins to form hydro~sulfide<®
D. Excretion: small amounts of csi metabolites such aélthidurea

S-mercaptothioazolidone, and inorganic constituents are excreted
in urine.’ Inhalation studies have shown that 182 of :ﬁe

C§2 inhaled 1s exhaled unchanged. O0f the remaining inhaled.
dose, 70% is excreted as free or bound CSy; and urinary

sulfates, and 30% i{s stored in the body and slowly excreted

as CS» and its metabolites.

V. EFFECTS ON MAMMALS

A. Carcinogenicity: ~ No available data.% ‘

B. Mutagenicity: No available data.%

C. Teratogenicity: Bariliah et al.8 showed that

inhalation of 10 mg/m3 is lethal to embryos before and after implan-~
tation. CS, at 2.2 mg/m3 inhaled for & hours/day was toxic to dams,
and embryotoxic if administered.during gestation, an4 had no effect
on male rats.? 1Inhalation of lower concentrations (0.34 mg/l for
210 days) caused disturbances of estrus.10 Topical application of
CS, }nduced teratogenic effects in racs.3 In a dominant lethal
test, inhalation of 10 mg/m> by male rats béfore copulation

proved lethal to embryos.$8
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. D. Toxicity

l. - Humans

CS2 causes damage to the éentral and péripheral
nervous systéms and may accelergte the development of, or
worsen, cofon#ry heart disease.3l

Th; fowest'lethal concentration has been fepo:@ed as

4,000 ppm in 30 minutes.ll In the same study, a person sﬁb:

jected to-a concentracion'of_so mg/m3 for 7 years had CNS

effects. Hodétate chronic exposure of hdman; at less than

65‘mg/m3 for several years has been reported by Cooperl2 ¢o

-causé'po;yneuropachy.A In a study by Baranowska et al.l3

humans have been shown to absord 8.8-37.2 mg from an aqueous
solution containing 0.33-1.67 gm/l. This was over a fefiod of
1 hour of hand-soaking. |

In poisoning due to continued e#posure at fairly low
levels (0.9-378 ppm)3l neuritis and visual disturbances are

the most éommon symptoms.3lr32 Sensor?_changes, sensations

of heaviness aand coldness, "veiling” of objects, -paim in

affected limbs, are often follo#ed by gradually increasing

léss of strength._ Mental symptoms varying in severity

(excitation, irritabiliﬁy, peréonality changes, insomnia,

and even insanity) may occur .32
There are several studies pﬁ cardiovascular effeéts

of CS, éxposure.zs'zg Heinbérg et al.26’27 repdrt signifi-

caﬁtly elevated rates of coronary heart disease mortality,

angina, and high blood preséure in viscose rayon workers.

A five year follow-up again reported iﬁcreased

o T34 =
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coronary heart disease mortality and higher than expected
incidences of total infarctions, nonfatal infarctions and angina:
In an 8-year followup in 1976, Heinberg30 found no excess
coronary heaff disease mortality during the last 3 years of the
study.

2. Other species.

IP injection of 400 mg/kg was the lowest lethal

dose in guinea pigs.l4 An IV LDSO of 694 mg/kg in mice was

reported by Hylen and Chin.l3

Ioiic effects have been observed at doses as low as 1.7 mg/kg
ia tabbi;s.17 Rats showed toxic SC effects act 1 mg/kg.17'19

Vinogradovzo showed that 1 ppm in drinking water was nontoxic

to rabbits; 70 ppm was fatal.

in a chronic study, Paterani et al.2l found that 6
mg/kg/day produced toxic effects in rﬁbbits. The lowest
lethal chronic dose for rabbits was shown to be 0.1 ml 3
times a week for 7 months.22 Applied topically, CSZ produced

h}gher incidencé of

anemia in female than in male rats, and teratogenic effects (see above]

vere observed.%2 When rats inhaled CS, at 10 mg/m3, abnormalities

of genitourinary and skeletal systems were noted. In addition,
disturbances of ossification and blood formation and dystrophic

changes;in liver and kidney were noted.8

vI. EXISTING GUIDELINES AND STANDARDS

The NAS% did not recommend limits for drinking water
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because estimates of effecﬁs of chronic oral exposure cannot be“
made w;th any copfidence. ‘

‘The current OSHA PEL is 20 ppm (62 mg/m3), wigh‘a
ceiling concentration of 30 pﬁm (93 mg/m3) for an 8-hour

~day, 5 day work week.25 The NIOSEZ4'recommended.standard

1s 3 mg/m3.24
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DISCLAIMER

This report represents a survey of the potentiaf health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. ' '
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SPECIAL NOTATION

U.S. EPA's Carcinogen Assessment Group (CAG) has evaluated
carbon tetrachloride and has found sufficient evidence to

indicate that this compound is carcinogenic.
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CARBON TETRACHLORIDE

Summary

Carbon tetrachloride (CCla) is a haloalkane with a wide range of in-
dustrial and chemical applications. Toxicological data for non-human mam-
mals are extensive and show that CCl, causes liver and kidney damage, bio-
chemical changes in liver functibn, and neurological' damage. CCl, has
been found to induce liver cancer in rats and mice. Mutagenic effects have
not been observed and teratogenic effects have not been conclusively demon-
strated. | |

The daté base on aguatic toxipity is limited. LCSO (96-hour) values
for bluegill range from 27,300 to 125,000 pg/l in static tests. For Daphnia
magna, the reported 48-hoﬁr EC50 is 35,200 pg/l. The 96-hour LCSO f'Q'r
the tidewater silverside is 150,000 pg/l. An embryo-larval test with the
fathead minnow showed no adverse effect from carbﬁn tetrachloride concentra-
tions up to 3,400 pg/l. No plént effect data are available. The bluegill

bioconcentrated carbon tetrachloride to a factor of 30 times within 21 days

.expcsure. The bioclogical half-life in the bluegill was less than 1 day.

3“;_’_7 | . 000388
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CARBON TETRACHLORIDE

I.  INTRODUCTION o
Carbon tetrachloride (CCl,) is a haloalkane with a wide range of in-
dustrial and chemical applications. Approximately $32.7 million pounds are
produced at 11 plant sites in the U.S. (U.S. EPA, 1977b; Johns, 1976). The

bulk of CCJ.A is uéed in the manufacture of fluorocarbons for aerosol pro-

pellants. Other uses include grain fumigation, a component in fire extin-

quisher solutions, chemical solvent, and a degreaser in the dry cleaning in-
dustry (Johns, 1976).

Carbon tetrachloride is a heavy, colorless ligquid at room temperature.
Its physical/dhanical properties include: molecular weight, 153.82; melting
point, -22.99°C; solubility in water, 800,000 pg/L at 25°C; and vapor
pressure, 55.65 mm Hg at 10%. CZCJ.A is relatively non-polar and misci.,;
ble wifh alcohol, acetone and most organic solvents.

Carbon tetrachloride may be quite stable under certain envirormental
conditions. The hydrolytic breakdown of CCla in water is estimated to re-
) quire 70,000 years for 50 percent decomposition (Johns, 1976). This decam-
position is accelerated in the presence of metals such as iron (Pearson and
McConnell, 1975). Hydrolytic decomposition as a means of removal from water
is insignificant when ccmpared with evaparation. In one experiment the
evaporative half-life of CCla in water at ambient temperatures was found
to be 29 minutes (Dilling, et al. 1975), but this is highly dependent on ex-
perimental conditions, such as surface area to buik volume ratios. For adg-
ditional information regarding Halomethanes as a class, the reader is refer-

red to the Hazard Profile on Halomethanes (U.S. EPA, 1975b).

—— 000389
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. II. EXPOSURE o ~
A. Water : ' B

CCl, has been found in many water samples including rain, sur-

4
face, potable, and sea, in the sub-part per billion range (McConnell, et al.

1975). The Natiocnal Organics ‘Monitoring Survey (NOMS) found CCla in 10
percent of 113 public water systems sampléd, with mean values ranging from
2.4-6.4 pg/l (U.S. EPA, 1977a). | o

Although CCia is a chlorinated hydrocarbon, it is noﬁ produced in
‘finished drinking water as a result of the"chlorination process (Natl. Res.
Couh., 1977,1978).

B. Food'

Carbon tetrachloride has been detected in é variety of foodstuffs
other than fish and shellfish in levels rahging from‘l to 20 pg/kg (McCog-
nell, et al. 1975). |

‘ A | " Results of wvarious studies on CCla fumigant residues in food in-
| dicate that the amount of residue is dependent upoﬁ fumigant dosage, stofage
. conditions, length of 'aeration and the extent of processing (U.S: EPA,
1979a). Usually, proper Storage and aeration reduce CCla residues to
trace amounts. |
| The U.S. EPA (157%a) has estimated the weighted average bioconcen-
tration factor for carbon tetrachloride to be 69 for the edible portions of
fish and shellfish consumed by Americans; This estimate is based on measur-

ed steady-state bioconcentration studies in bluegills.

C. Inhalation

The occurrence of CCla in the atmosphere is due largely to the

volatile nature of the compound. Concentrations of CCla in .continehtal

and marine air masses range from .00078 - .00091 mg/m3. Although some

Z 000390
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higher quantities (.00591 mg/m3) have been measured in urban areas, concén—
trations of Ctla are uniye:sally widespread with little geographic varia-
tion (U.S. EPA, 19793). ‘
III. PHARMACOKINETICS

A. Absorption

| cCl, 1is readily absofped through the lungs, and more _siowly
through the gastrointestinal tract (Nielsen and Larsen, 1965). It can also
be absorbed through the skin.‘ The rate and amount of absorption are enhanc-
ed with the ingestion Bf fat and alcohol (Nielson and Larson, 1965; Moon,
1950). Rabbins (1929) found that considerable amounts of CCi, are absorb-
ed from the small intestine, less from the colon, and little from the stom-
ach. Absorption from the gastorintesti.nal tract appears to vary by species,
i.e., it occurs more rapidly in rabbits than dogs. :

8. Oistribution

The organ distribution of Ctla varies with the route of adminis-

tration, its concentration, and the duration of exposure (U.S. EPA, 197%a).

After oral acministration to dogs, Robbing (1529) found the highest

concentrations of Ctla in the bone marrow. The liver, pancreas and spleen
had one-fifth the amount found in the bone marrow. The highest concentra-
tions of Ctla after inhalation, however,'were found in the brain (von Oetf
tingen, et al. 1949,1950). After inhalation of Ctla by monkeys, the high-
est levels were detected in fat, followed by liver and bone marrow (McColli-
ster, et al. 1950). McConnell, et al. (1975) found human tissue levels of
CCl, to range as follows: kidney, 1-3 mg/l; liver, 1-5 mg/l.aﬁd fat, 1-13
mg/l.

On tne cellular level, McClean, st al. (1965) found CCl, in all

cell fractions with higher concentrations in ribosomes.

veres 330 000294
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. €. Metabolism

When CCl, is administered to mammals, it is metabolized to a
small extent, the majority being excreted through the lungs. The metabo-
lites include chloroform, hexachloroethane, and carbon dioxide. These meta-
bolites play an important role in the overall toxicity of CCl, (U.S. EPA,
1979a). Some of . the CCl, metabolic products are .also | iné'omorated - into”
fatty acids by the liver and ihto liver microsomal proteins and lipids (Gor-
dis, 1969). | |

The chemical pathology of liver injury induced by CCl 4 lS a re-
sult of the initial homolytic cleavage of the C-Cl bond which liberates tri-
chloromethyl- and chlorine-free radicals (Fishbein, 1976). The next step
may be one of two conflicting reactions: direct attack via alkylation oﬁ
cellular consf.ituents (especially sulfhydryl groux;'zs), or peroxidative decor.ti-
position of lipids of the endoplasmic reticulum as a key link between the
. initial bond cleavage and the pathological phenomena characteristic of

ccy, (Butler, 1961; Tracey and éherlock, 1968).
D. Excretion ‘

The largest portion of absorbed CCla is rapidly excreted. Ap-
proximately 50-79 percent of absorbed radicactive CCl 4 is eliminated
through the !.ungs, and the remainder is excreted in the urine and feces. No
CClA wés detected in the blood or in the expired éir, 48 hours and 6 days,

. 'respeétive%y, after CCl, inhalation (Beamer, et al. 1950). CCl, is ex-
”creted as 85 percent parent compound, 10 pefcent carbon -dioxide, and smaller
quantities of other products including chloroform (NRC, 1977).
IV. EFFECTS

A. Céréinogenicity
CCla has been shown to be carcinogenic in rats, mice, and ham-

. sters via subcutaneous injection, intubation, and rectal instillation (U.S.

-_— G . m‘.
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EPA, 1979). Current knowledge lead to the conclusion that carcinogenesis is

a non-threshold, non-reversible process. However, some scientists do argue

that a threshold may accur. '
Rueber and Glover (1970) administered injections of 1.3 ml/kg of

pody weight of a SO percent solution of CCla in corn oil to rats, two
times per week until death. Carcinoma of the liver were present in 12/15

(80 percent) Japanese male rats, 4/12 (33 percent) Wistar rats, and 8/13 (62
percent) Osborne-Mendel rats, whereas Black Rats or Sprague-Dawley rats did
not develop carcinomas. The incidence of cirrhasis of the liver also dif-
fered with the strain of the rat. Carcinoma of the liver tended to develop
along with mild "or moderate, rather than severe cirrhosis of the liver.
When administered with CCl,, methylcholanthrene (a potent enzyme inducer)
was found to increase the incidence of hyperplastic ‘hepatic nodules and

early carcinomas in rats (Rueber, 1570). Females wers ound to be mors sus-.

cenptible to the development of hyperplastic nodules and carcinomas.

The National Cancer Institute (1976) studied the carcinegenic ef-
fect of CCl, in male and female mice (1,250 mg/kg or 2,500 mg/kg of body
weignt, oral gavage 5 times/week/78 weeks). Hepatocellular céminomas were
found in almost all of the mice receiving CCl,. Andervant and Ounn (1955)
transplanted 30 CCla-induced tumors into mice. They observed growth in 28
of the hepatcmas, through 4 to 6 transplant generations.

8. Mutagenicity

Conclusive evidence on the rrtutageﬁiciity of CCla has not been re-
ported. Kraemer, et al. (1976) found negative results using the Ames bac-
terial reversion tests. However, they explain that halogenated hydrocarbons

are usually negative in the Ames test.
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C. Teratogenicity .
Very little data are ;véilable concerning'the teratogenic effects
of CCl,. Schwetz, et al. (1974) found Ctla to be slightly embryotoxic,
and to a certain degree retarded fetal development, when acministered to

rats at 300 or 1,000 mg/l for 7 hr/day on days é through 15 of gestation.:

‘Bhattacharyya (1965) found that subcutanecus injection occasionally gave

rise to changes in fetal liver.
D. Other Reproductive Effects
| Pertinent data concerning other reproductive effects of CCla were
not encountered in the available literature.
E. Chronic Toxicity
Cases of chronic poisoning have been reported by Butsch (1932),

Wirtschafter (1933), Strauss (1954), K Von Oettingen (1964), and others. Tﬁe

clinical picture of chronic CCl, poisoning is much less characteristic .

than that of acute poisoning. Von Oettihgen (1964) -has done an excellent
Job of ieviewing the symptomé. Patients suffering from this condition may
compldin of fatigue; lassitude, giddiness, anxiety, and headache. They suf-
fer from paresthesias and muscular twitchings, and show increased reflex ex-
cifability. They may be moderately jaundiced, have a tendency to hypogly-
cemia; énd bigpsy specimens of the liver may shéw fatty infiltration. Pa-
tients may complain of a lack of appetite, nausea, and occasionally o% diar-

rhea. In some instances, the blood' pressure is lowered and is accompanied

by pain in the cardiac region and mild anemia. Other patients have Qevelopé

ed pain in the kidney region, dysuria, and slight nocturia, and have had.
urine containing small amounts of albumin and a few red blood cells. Burn-

ing of the eyes and, in a few instances, blurred vision are frequent com-

plaints of those exposed. If these symptoms are not pronounced, or of long

’
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standing, recovery usually takes pléce upon discontinuation of the exposure .
if the proper treatment is received (Von Oettiﬁgen, 1964). )
' Réports on pathological changes in fatalities from CCl, poison-
ings are generally limited to findings in the liver and kidneys. The brain
and lungs may be edematous. The intestine; may be hyperemic and covered
with numerous petechial hemorrhages and the spleen may be enlarged and hy-
peremic. Occasionally the adrenal glands may show degenerative changes of
the cortex and the héa/rt;. may undergo toxic myocarditis (Von Oettingen, 1964).
F. Other Relevant Information

The toxic effects of CCl 4 2are potentiated by both the habitual
and occasicnai ingestion of alcohol (U.S. EPA, 1979a). Pretreatment of lab-
oratory animals with ethanol, methanol, or isopropariol increases the suscep-
tibility of the liver to CCJ.A (Wei, et al. 1971; Traiger and Plaa, 1971).

Hafeman and Hoekstra (1977) reported that protective effects
against | ccl a-induced lipid peroxidation are exhibited by vitamin &, sele- '
nium, and methionine. '

According to Davis (1934), very obese or undernourisl:‘ed persons or
those suffering from pulmonary diseases, gastric ulce:s or a tendency to
vomitintj, liver or kidney diseases, diabetes or glandular disturbances, are
especially sensitive to the toxic effect of CCl 4 (von Oettingen, 1964).
V. AQUATIC TOXICITY

A. Acute Toxicity !

Two studies have investigated the acute toxicity of carbon tetra- '

chloride to bluegills (Lepomis macrochirus) in static tests. The determined

\Ceo varied from 27,300 pg/l to 125,000 pg/l (Dawson, et al. 1977; U.S.

S0
[ 4
gPA, 1978). with Daphnia maana, the reported 48-nr. F‘CSO is 35,200 ug/l

(U.S. 2PA, 1978). The 96-hr. LC.~ for the tidewater silversices (Meniagia

=0
gervllina) is 150,0C0 pg/l (Dawsen, et al. 1977). ‘
7 | 000393
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8. Chronic Toxicity

An embryo-larval test with the fathead minnow (Pimechales promelas)

showed no adverse effect from carbon 'tétrachloride concentrations up to
3,400 pg/l (U.S. EPA, 1978). Other chronic data are not available.
C. Plant Effects
There are no data in the available literature describing theief?
fects of carbon tetrachloride on freshwatef or saltwater plants. |
. D. Residues

The bluegill bicconcentrated carbon tetrachloride to a factor of 30

times within 21 days. The biological half-life in these tissues was less

than 1 day.
VvI. _EXISTING GUIDELINES AND STANDARDS
Neither the human health nor the aquatic criteria derived by U.S. EEA
(19793), which are summarized below, have been reviewed; therefore, there is
a possibility that these criteria will be changed.
A. Human
The American Conference of Governmental Industrial Hygienists

(1971) recommends a threshold limit value (TLV) of 10 mg/m3

3

for CCla,
with peak values not to exceed 25 mg/m” even for short periods of -time.
The Occupational Safety and Health Administration adopted the American Na-

tional Standards Institute (ANSI, 1967) standard 237.17 - 1967 as the Feder-

'al standard for ccl, (29 CFR 1510.1000). This standard is 10 mg/m3 for

_ an 8-hour TWA, with an acceptable ceiling of 25 mg/m3 and a maximum peak

for 5 minutes in any 4-hour period of 200 mé/m3.

The draft ambient water quality criteria for carbon tetrachloride

has peen set to reduce the human carcinogenic risk levels to 10'3, 10°°

ar 10'7 (U.S. EPA, 1979a). The corresponding criteria are 2.5 ug/l, 0.26

P4
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g/, and 0.025 ug/l, respectively. Refer to the Halomethane Hazard Profile ‘
for discussion of criteria derivation (U.S. EPA, 1975b).
8. Aguatic
- For carbon tetrachloride, the drafted criteria to protect fresh-
water aguatic life is 620 pg/l as a 24-hour average and the concentration
should never exceed 1,400 ug/l at any time. .To protect saltwater aquatiq
life, the drafted criterion is 2,000 pg/l as 24-hour average and the concen-

tration should not exceed 4,500 ug/l at any time (U.S. EPA, 1979a).




TR

No. 34

Chloral

Health and Envirommental Effects

‘U.S. ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

APRIL 30, 1980

3Y-/

gy

£
Y

)

(&




DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The information contained in the report is drawn chiefly
from secondary sources and available reference documents.
Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy. .
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CHLORAL

Summary » .

Chloral (trichloroa:;etaldehyde) is used as an intermediate in the manu-
facture of DDT, methoxychlor, ODVP, naled, trichlorfon, and TCA. Chloral is
readily soluble in water, forming chloral hydrate. Chloral hydrate decom-
poses to chloroform with a half-life of two days. Chloral hydrate has been
used as‘ a therspeutic agent due to its hypnotic_ and sedative properties.

Chloral (as chloral Hydrate) has been identified  in chlorinated water
sanples at concentrations as high as 5.0 pg/l. ,Chloral hydrate is formed
through the chlorination of natural. humic substances in the raw water. At-
mospheric chloral concentrations up to 273.5 mg/m> have been reported from
spraying and pouring of polyurethanes in Soviet factories. Similar data on
exposure levels in U.S. plants were not found in the available literature.

Specific information on the pharmacokinetic behavior,. carcinogenicit;y,
mutagenicity, teratogenicity, and ot'he;' reproductive effects of ch‘loral was
not found in the available literature. However, the pharmacokinetic be-
havior of chloral may be similar to chlbrai hydrate where metabolism to tri- -
chloroethanol and frichloroa:etic aid and excretion via fhe urine (and .pos-
sibly bile) have been observed. Chloral'hydrate produced skin, tumo;s in 4
of 20 mice dermally exposed. Information on the chronic or acute effects of
chloral in humans was not found in the available literature. Chrbnic ef-
fects from respiratory exposure tec chloral as indicated in laboratory
animals include reduction of kidney function and serum transaminase activ-
ity, ‘chawge in central nervous system f‘unction'fgunspecif‘ied), decrease in

7 .

323 . 000400

SRR
R R IR L B I

QIR



antitoxic and enzyme-synthesizing function of the liver, and alteration of
morphological characteristics of peripheral blood. Siowed growth rate, leu-

kocyto‘sis and changes in arterial blood pressure were also observed. Acute

oral L., values in rats ranged from 0.05 to 1.34 g/kg.
Uu.s. sténdards and guidelines for chloral were not found in the avail-

ale iiterature.

Lf
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CHLORAL
ENVIRCNMENTAL FATE

Chloral (trichloroacetaldehyde) is freely soluble in water, forming
chloral hydrate (Windholz,. et al. 1976). Chloral hydrate was identified in
drinking water from 6 of 10 cities sampled (Keith, 1976). The @thor bostu-
lated that chloral hydrate was formed by the chlorination of other compounds

during the addition of chlorine to the water supplies. Chloral hydrate was

not identified prior to chlorination. Chloral hydrate may be formed by the
chlorination of ethanol or acetaldehyde and may occur as an intermediate in
the reaction involving the conversion of ethanol to chloroform as follows:

Ethanol - Acetaldehyde - Chloral - Chloral hydrate - Chloroform
Chloral hydrate decomposes to chloroform with a half-life of 2 days at pH 8
and 35°C (Luknitskii, 1975). Rook (1974) demonstrated the formation of
haloforms from the chlorination of natural huhic substances in raw water. |

Chloral polymerizes under the influence of light and in the presence of
sulfuric acid, forming a white solid trimer called metachloral (Windholz,
1976). Dilnng, et al. (1976) studied the effects of chloral on the det;om-
position rates of trichloroethylene, NO, and NO, in the atmosphere and ob-
served that chloral inc;eases the photodecomposition rate of trichloro-

ethylene to a greater extent than it does NO or NOZ'

s
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CHLORAL

I.  INTRODUCTION | o

This profile is based on literature searches in Biological Abstracts,
Chemical Abstracts, MEDLINE, and TOXLINE.

Chloral [C%CCI-D], also referred to as trichloroacetaldehyde, anhy-
drous chloral, and trichloreethanol, is an oily lquid with a puhggnt, ir-
ritating odor. The physical properties of chloral ~ai'e: molecular weight,
147.39; melting point, -57.5°C; boiling point, 97.75°C at 760 mm Hg;
density, 1.5121 at 20/4°C (weast, 1976). The compound is very soluble in
water, forming chloral hydrate, and is soluble in alcohol and ether.

Industrial production of chloral ‘involves direct chlorination of ethyl
alcohol followed by treatment with concentrated sulfuric acid (Stanford
Research Institute, 1976). Production may also cccur by direct chlorination
of either aetaldehyde or paraldehyde in the presence of antimony chloride.
Prior to 1972, essentially all chloral produced was used in the manufacture
of ODT. Production of chloral was greatest in 1963 at 79.8 million pounds,
decreasing to 62.4 million pounds in 1969. Production data after 1969 were
not reported. Consumption of chloral for ODT manufacture was estimated at
25 million pounds in 1975, with an additional 500,000 pounds used in the
manufacture of other pesticides, including methoxychlor, CDVP, nale:!, tri-

chlorfon, and TCA (trichloroacetic acid). Mel'nikov, et al.(1975) identi-

. fied chloral as an impurity in chlorofos.

Chloral is also used in the production of chloral hydrate, a thera-
peutic aent with hypnotic and sedative effects used prior to the intro-
duction of barbituates. -Production of U.S.P.' (pt’igrma:'eutical) grade chloral
hydrate was estimated to be 300,000 pounds per year in 1975 (Stanford

Research Institute, 1976).

3Y-§6 000403
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II. EXPOSURE
Boitsov, et al. (1970) noted that chloral is evolved in spraying and
pouring of polyurethane. The authors reported chloral concentrations as
high as 273.5 mg/m3 in Soviet factories. Similar information on atmos-
pheric occupational exposure to chloral in Western countries was not found
in the available literature. | ’
Chloral exposure from water occurs as chloral hydrate. Keith (1976)
reported chloral hydrate concentratioﬁs ranging from 0.0l pg/l to 5.0 pg/l
in chlorinated drinking water supp'lies of six of ten U.S. cities studied.
The mean concentration of chloral hydrate in drinking water for the six
cities was 1.92 ug/l. .
Chloral hydrate has been used as a hypnotic and sedative 'a;ent. Alco-
| holjsyne’rgistically increases the depressant effect 'ofb the compound, creat-
ing a potent ‘depressanf commonly referred to as "Mickey Finn;' or "knockout
drops". Addiction to chloral hydrate through intentional abuse -of the com-
pound has been reported (Goodman and Gilman, 1970). ' .
III. PHARMACOKINETICS
A." Absorption |
Specific information on the absorption of chloral was not found in
the available literaturé. Goodman and Gilman (1970) reported that ?:hloral
hydratg readily penetrates diffusion barriers in the body.
B. Distribution |
Specific information on the distribution of chloral was not found
in the available literature. Goodman and Gilman (1970), reporting on the
distribution of chloral hydrate from oral adminisfgration, noted its presence

in cerebrospinal fluid, milk, amniotic fluid, and fetal blood. The autHors

TR | L mwae 000404
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noted that other investigators were unable to detect significant amounts of
chloral hydrate in the blood after oral administration (owing.probably to

its rapid reduction).
C. Metabolism

Information on the metabolic reaction of chloral is obtained in-
directly through a metabolic study of trichloroethylene (Henschler, 1977).
The author reported that trichloroethylene oxidizes to a chlorinated epoxide
which undergoes melecular rearrangement to chloral, which is further metsbo-
lized to either trichloroethanol or trichloroaetic acid. The rearrange-
ment, detected by in vivo studies, is hypothesized to occur by a catalytic
xtion of the trivalent iron of P-450. *

Goodman and Gilman (1970) noted that chloral hydrate is reduced to
trichloroethanol in the li;/er and other tissues, including whole bloed, with
the reaction catalyzed by alcohol dehydrogenase. Additional trichloro-
ethanol is converted to. trichloroacetic acid. - Chloral hydrate may be di-
rectly oxidized to trichloroacetic acid in the liver and kidney.

0. Excretion

Both chloral and chloral hydrate are metabolized to trichlore-
ethanol or trichloroacetic acid (Goodman and Gilman, 1970; Henschler,
1977). Trichloroethanol is then conjugated and excreted in the urir.w_e as a
glucuronide (urcchloralic acid) or is converted to trichlorsacetic acid and
slowly excreted in the urine. The glucuronide may also be concentrated and
excreted in the bile. The fraction of the tatal "doée excreted as trichloro-
ethanol, glucuronide, and trichloroacetic acid is quite variabie, indicating

I

other possible routes of elimination.
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IV. EFFECTS
‘ A. Carcinogenicity T _ - -

| Specific information on the carcinogenicity of chloral was not
found in. the available literature. However, Keith (1976} reported skin
tumors in 4 of 20 mice dermally exposed to chloral hydrate (4 to 5 percent
solution in acetone). Further interpretation of the results and discussion
of the study methodology were not given. o

B. Mutagenicity, Teratogenicity, and Other Reproductive Ef‘f‘ects
Specific information on the mutagenicity, -teratogenicity, and re-

productlve ef’f‘ects of chloral was not found in the available literature.

‘C. Chronlc Effects

Rats _receiving 0.1 mg/kg chloral exhibited a reduction of kidney
function and serum transaminase after seven months' exposure (Kryatov,
1970). No physiological effects were observed in rats receiving 0.01 mg/kg
‘ chloral for periods of seven months. The route of exposure was ndt reported.
Chronic respiratory exposure of rats and rabbits to chloral at 0.1
mg/1l (100 mg/m3) produced changes in central nervous system function, de-
creaéed antitoxic a_nd enzyme synthesizing function of the liver, and altered
morpholbgical characteristics of peripheral blood (Pavlova, ]9755. Boitsov,
et al. (1970) reported slowed growth rate, leukocytosis, decreased aibumin-
globulin ratio, and changes in arterial blood pressure aid central nervous
system responses (unspecified) following prolonged respiratory exposure of

mice to chloral at 60 mg/m.
Goodman and Gilman (1970) reported gast;.rit;.is, skin eruptions, and
~parenchymatous renal injury in patj.ients sufferi;rg from chronic chloral hy-

drate intoxication. Habitual use of chloral hydrate méy result in °‘the

7= 000705
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deve lopment of tolerance, physical dependence, and addiction. Death may oc-
cur either as a result of an overdose or a failure of the detoxification
mechanism due to hepatic damage.
F. . Acute Toxicity

According to Hann and Jensen (1974), the human acute oral LD50
of chloral is between 50 and 500 mg/kg. _ _

Kryatov (1970) reported the following LDg, -v@es for chloral:
mice, 0.850 g/kg; rats, 0.725 g/kg; and guinea pigs, 0.940 g/kg. The routes
of exposure were not stated. Verschueren (1977) reported an oral LO¢y for
rats of 0.05 to 0.4 g/kg, while Pavlov (1975) reported an aute oral LDg,
of 0.94 and 1.34 g/kg for mice and rats, i'espectively. Pavlov (1975) also
reported inhalation LC.y values of 25.5 g/m3 and 44.5 g/m3 for mice
and rats, respectively. B8oitsov, et al. (1970) reported an LDgy of 0.710
g/kg in mice. The route of exposure was not stated. Hawley (1971) reported

that chloral is a highly toxic, strong irritant and noted ingestion or in-

"halation may be fatal. Information on acute toxic effects from occupational

exposure to chloral was not found in the available literature.
G. Other Relevant Information
Verschueren (1977) reported an odor threshold concentration of
chloral in water of 0.047 ppm. The author also reported an inhibi?:ion of
cell multiplcation in Pseudomonas sp. at a chloral hydrate concentration of
1.6 mg/1.
V. AQUATIC TOXICITY

A. Acute Toxicity

Verschueren (1977) reported inhibitionf of cell multiplication in
Microcvstis sp. at 78 mg/l chloral hydrate. Hann and Jensen (1974) rafked

the 96-hour TL  aquatic toxicity of chloral in the range from 1 to 10 ppm.

.4
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' B. Chronic Toxicity

Information on the chronic aquatic toxicity of chlorfal was not
found in the available literature. |
cC. | Plant Effects
Shimizu, et al. (1974) 'reported chloral inhibited the growth of
rice stems by 63.4 .percent relative to controls, but slightly‘ stimUlate&
root growth. The concentration of chloral in water culture was not repbrted.
D. Residue
Keith (1976) identified chloral hydrate in chlorinated drinking
water in Asix of ten cities sanpled.b The sample lécations and concentrations
of chloral hydr;te identified were: Phi.fadelphia, PA, 5.0 pg/l; Seattle,
WA, 3.5 pg/l; Cincinnati, OH, 2.0 pg/l; Terrebonne Parish, LA, 1.0 ).Jg/l; New
York City, NY, 0.02 ug/1; Grand Forks, ND, 0.01 pg/l.
) E. Other Relevant Information |
‘ 3 Hann and Jensen (1974) ranked the aesthetic effect of chloral on
water as very ‘low (zero), noting that the chemical neither pollutes waters
nor céJses aesthetic problems. |
VI. EXISTING GUIDELINES ANO STANDARDS
BoitsoQ, et al. (1970) reported a maximum recommended chloral ‘concen-
tration in workroom air of 0.22 mg/l (220 mg/m®) (USSR). Kryatov (1970)
reported a maximum recommended permissibie concentration in bodies of water
as 0.2 mg/1 (USSR). Verschuéren (1977) reported a maximum allowable chloral
concentration of 0.2 mg/l in Class I waters used for drinking, but the

nation applying this standard was not identified.
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