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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 chierfly
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 Dby the
subject chemical. This document has undergone 'scrutiny to
ensure its technical accuracy. '



1, 1-DICHLOROETHYLENE

Summary

Ambient levels of 1,l-dichloroethylene have not been determined. The
primary effect of acute and chronic occupational exoosure to 1,l-dichloro-
ethylene is depressicn of the central nervous systsem. In experimental ani-
mals, both liver and kidney damage have been noted after exposure, regard-
less of the route of administraticn. ‘l,l-Dichloroethylene has teen shown to
be a mutagen in bacterial systems and a carcinogen in mice. Both kidney
adenocarcinomas and mammary adenocarcinomas were ‘produced after exposure to
1,l-dichloroethylene by inhalation. No teratogenic effects have been ob-
served. |

For freshwater fish, the repcrted 96-hour LC5 values range from

0

73,500 to 108,000 upg/l 1,l-dichlorcethylene. Reported 48-hour ECSO values

ang2 from 11,500 to 79,CC0 ug/l.  Sé-rour LCEO value

over 224,000 ug/l hsve bean observed for szltwater fish and inverte-
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brates. An embryo-level test with Treshwater fish resultad in an adverse
effect occurring at 2,300 pg/l. Algse, both fresh and saltwatesr, apparently
are not affected by concentrations of 1,l-dichloroethylene as high ss

716,000 pg/l.



1, 1-DICHLORCETHYLENE

I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria Document
for Dichlorcethylenes (U.S. EPA, 1979a).

1,1-Dichloroethylene (C2H2C12; molecular weight 96.95) is a clear
colorless liquid used as a chemical intermediate in the synthesis of methyl-
chloroform and in the production of polyvinylidene chloride copolymers
(PVCOs). Prior to 1976, annual production—of‘. "l,i-diEhloroetHylene was ap-
proximately 120,000 metric tons (Arthur O. Little, Inc., 1976). 1,1-Di-
" chlorgethylene has the following physical/chemical properties: water solu-
bility of 2,500 pg/ml, vapor pressure 591 mm Hg, and a melting point of
-122.1°%c. For more general information regarding the dichloroethyienes,
the reader is referred to the ZPA/ECAQ Hazard Profile on DBichloroethylenes
(U.S. EPA, 19750).
II. EXPOSURE

. A, Water
The Natiognal Organic Monitoring Survey (U.S. EPA, 1978a) rerorted

detecting 1,l-dichlorgcethylene in finished drinking waters; however, neither
the amount nor the occurrence was quantified.

B. Food

Pertinent data could not be located in the available literature on

the ingestion of 1,l-dichlorcethylene in foods. The U.S. EPA (1$7%a) has
estimated the weighted. bioconcentration factor for 1,l-dichloroethylere to
be 6.9 for the gdible portions of fish and shellfi§h consumed by Americans.
This estimate was based on the octanol/water partition coefficient of 1,1-

dichloroethylene. d



C. Inhalation
The population at risk due to vinylidene'chloride exposure is com-
posed primarily of workers in industrial or commercial operations manufac-
turing or using it. Airborne emissions of vinylidene chloride are not like-
ly to pose a significant risk to the general population. Emissions during
production, storage, and transport can be controlled by methods similar to
those planned for control of vinyl chloride (Hushan and Kornreich, 1978).
III. PHARMACOKINETICS
A. Absorption
Specific data on the absorption of dichloroethylenes are unavail-
able. However, a recent study by McKenna, et al. (1578b) suggests that in
rats most, if not all, of the orally administered dese is absorbed at two
dase levels: 1 and 50 mg/kg.

8. Distrioution

inhalation (Jaeger, et al. 1977). The largest ccncentrations were found in
kidney, followed by liver, spleen, heart, and brain, and Tasting made no
difference in the distribution pattern. At the subcellular 1lsvel 1,1-di-
chloroethylene or its metabolites eppear to bind to macromolecules c¢f the
microsomes and mitochondria (Jaeger, et al. 1%77). There is also some asso-
ciation with the lipid fraction.
C. Metabglism

In the intact animal, a large portion of the systemically absofbed

1,1-dichloroethylene is metabolically converted, with 36 percent appearing

in the urine of rats within 26 hours (Jaeger, et al. 1977). The essential
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featurs of 1,l-dichlorcethylene metabolism is the presence of epoxide inter-
mediates, which are reactive and may form covalent bonds with tissue macro-
molecules (Henschler, 1977). In rats and mice, covalently bound metabolites
are found in the kidney and liver (McKenna, et al. 1978b). Interaction of
1,1- dichloroethylene with the microsomal mixed function oxidase system is
not clear, since both inhibitors (dithiocarbamate) and inducers (phenobarbi-
tal) decreased the toxic effects of the compound (Anderscn and. Jenkins,
1977; Reynolds, et al. 1975; Jenkins, et al. 1972). However, Carlson and
Fuller (1972) reported increased mortality from 1,1-dichloroethylene in rats
following phencbarbital pretreatment. There is evidence that the 1,1-di-
chloroethylené metabolites are conjugated with glutathiore, which prasumably
tepresents a detoxification step (MciKenna, et al. 1978a).
0. Excretion

It is speculated that 1,l-dicnloroethyleme nas a rapid rate of
elimingtion, since a sutstantial fraction of the total sbsorbed qose may be
recovered in the urine within 26 to 72 hours (Jaeger, et al. 1977; Mckenna,
et al. 1978a). Also, disappearance oF"covalently oonded metabolites of i,l-
dichloroethylene (measured as TCA-insoluble fractions) appears to be fairly
rapid, with a reported hal%-life of 2 tg 3 hours (Jaeger, et al. 1977).
IV. EFFECTS

A. Carcinogenicity

1,1-Dichloroethylene has been shown to produce kidnmey adenocarci-

nomas in male mice and mammary adengcarcinomas in female mice upon inhala-

tion of 100 mg/m3

(Maltoni, 1977; Maltoni, et al. 1977). In similar ex-
periments with Sprague-Dawley rats exposed up to 800 mg/mB, no significant

increase in tumor incidence was noted. Also, hamsters expased to the same
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conditions as the mice failed to exhibit an increased tumor incidence (Mal-
toni, et al. 1977). In rats exposed to 1,l-dichloroethylene in their drink-
ing water (200 mg/l), there was no evidence of increased tumors (Rampy, et
al. 1977). There was an increased incidence of mammary tumors in rats re-
ceiving 20 mg of 1,l1-dichloroethylene by gavage 4 to 5 days a week for 52
weeks. The incidence was 42 percent in the treated animals and 34 percent
in the controls; however, the data was not analyzed statistically (Maltoni,
et al. 1977). .
B. Mutagenicity

1,1-Dichloroethylene has been shown to be mutagenic in S. typhimu-
rium (Bartsch, et al. 1975) and E. coli K12 (Greim, et al. 1975). In both
systems, mutagenic activity resquired microscmal activation. In mammalian

systems, 1,l-dichloroethylene was negative in the cdcminant lethal assay

+

¢

(Short, et =z1. 1977b; Andersen, af al. 1877}.
C. Teratocgenicity
A study by Murrary, et =21, (1979) failed to show teratogenic =27-
fects in rats or raehbits inhaling concentrations cof up to 140 ppm 1,1-di-
chloroethylene for 7 hours per day or in rats given drinking water contzin-
ing 200 ppm 1,l-dichloroethylena.
0. Other Reproductive &ffects
Pertinent data could not be located in the available literaure.
E. Chronic Toxicity
In animal studies, liver damage is associated with exposure, either
in the air or water, to 1l,l-dichloroethylene (6 pg/m3 or 0.79 pg/l) with
transitory damage appearing as vacuolization in liver cells. In both guinea

pigs and monkeys, continuous exposure to 1l,l-dichloroethylene produced in-

creased mortality, while intermittent exposure to the same concentration in

- -

e 7/1-7



air produced no increase in mortality (U.S..EPA, 197%9a). Less attention has
been paid to the renal toxicity of 1,l-dichloroethylene despite the cccur-
rence of histologically demonstrated damage at exposures egual to or less
than those recuired for hepatotoxicity (Predergast, et al. 1967; Short, et
al. 1977a).

F. Other Relevant Information

Alterations in tissue glutathione concentrations affect the hepato-

toxicity of 1,l-dichloroethyleme, with decreased tissue glutathione asso-
ciated with greater toxicity and elevated glutathione associateﬁ with de-
creased toxicity (Jaeger, et al. 1973,1977).
V.  AQUATIC TOXICITY

A. Acute Toxicity

Dill, et al. calculated, for the fathead minnow, Pimephales prome-

las, 96-hour LCsO values of 169,000 ug/l using static technizues and

1C8,CCC pg/l using flow-through tests with medsursd concentrations. The re-

ported 96-hour LCoy value for the bluegill, Leoeomis macrochirus, is 73,900

ug/l in a static test (U.S. EPA, 1978b). Two 48-hour tests with Daphnia
magna resulted in EC50 values of 11,600 and 79,000 pg/l, respectively
(Dill, et al.; U.S. EPA, 1978b). The 96-hour LCSO values for the sheeps-

nead minnow, Cvorinodon variegatus, and the tidewater silversige, Menidia

bervllina, are 249,000 and 250,000 pg/l, respectively (U.S. EPA, 1978b; Daw-
son, et al. 1977). The 96-hour LCSO for the mysid shrimp, Mysidopsis
bahia, is reported to be 224,000 ug/l (U.S. EPA, 1978b).
B. Chronic Toxicity
An embryc-larval test with the fathead minnow resulted in no ad-
verse effects occurring at 2,800 pg/l, the highest test concentratioa (U.s.

EPA, 1978b).
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C. Plant Effects
The 96-~hour ECSO value based on cell numbers of the freshwater

alga, Selenastrum capricornutum, is reported to be greater than 798,000 Fg/l

(U.S. EPA,-19780). The effective concentration of 1l,l-dichlorgethylene on

the saltwater alga, Skeletonema costatum, was observed to be 712,000 pg/l

(U.S. EPA, 1978b).
D. Residues
Pertinent data could not be located in the avail;ble literature.
VI. EXISTING GUIDELINES AND STANDARDS
A. Human
The American Conference of Govermmental Industrial Hygienists
(ACGIH, 1977) threshold limit value (TLV) for 1,l-dichloroethylene is 40
mg/m3, with calculated daily exposure limits of 286 mg/day. 1,1-Dichloro-
ethylene is suspected of being a human carcinocen; and using the "one-hit"
model, the U.S. E7A (1%97%) has sstimaizd lavels of 1,l-dichlcrcethylzsre in

ambient water which will result in specified risk levels of hunan cancer:

£xposure Assumptions Risk l.evels with Corresponding Drart Criteria
(per day) j
10-7 10-6 10-5

2 liters of drinking water 0.013 pg/l .13 g/l 1.3 Pg/l

and consumption of 18.7
grams fish and shellfisnh.

Consumption of fish and 0.21 pg/l 2.1 pg/l 21 pg/l
shellfish only.
B. Aquatic
Far 1,l-dichloroethylene, the drafted criterion to protect fresh-
water aquatic life is 530 pg/l as a 24-hour average, not to exceed 1,200
pg/l at any time. No saltwater criterion has been proposed because'of in-

sufficient 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 imzacts presented by the
subject chemical. This document has undergeone scrutiny to
ensure its technical accuracy.



- TRANS-1,2-DICHLORETHYLENE

SUMMARY

There is little specific information available on trans-
1l,2-dichlorocethylene. This compound is quantitatively less
toxic than the 1,l-dichloroethylene isomer; however, the
toxicity appears gqualitatively the same with depression
of the central nervous system as well as liver and kidney
damage. Trans-1,2-dichloroethylene has been shown to be
a mutagen in bacterial systems. The teratogenicity and
carcinogenicity of this compound have not been evaluated.

In the only aquatic study reported, the observed 96-
hour LCSO value for the bluegill is 135,000 pG/1l in a static

bioassay.



TRANS-1,2~-DICHLORETHYLENE

I. INTRODUCTION

This profile 1is based on the Ambient Water Quality
Criteria Document for Dichloroethylenes (U.S. EPA, 1979).

Trans-l,2-dichloroethylene (traans 1,2-DCE; C2H2C12;
molecular weight 96.95) is a clear colorless liquid. Since
the éarly 196Q's trans-l,2-dichlorocethylene has had no wide
industrial usage (Patty, 1963). Trans-1,2-dichloroethylene
has the following physical/chemical properties: water
solubility qf 6,300 pg/ml, a vapor pressure of 324 mm Hg,
and a melting point of ~-50°C (Patty, 1963).
II. EXPOSURE

A, Water

Trans-l,2-dichloroetnylene was found at a concen-

tration of 1 ug/l in Miami drinkéng water (U.S. EPA, 1975,
1878).

B. Food

Pertinent data could not be located in the avail-

able literature on the ingestion of trans-1,2-dichloroethylene
in foods. The U.S. EPA (1979) has not estimated a biocon-
centration factor for trans-1,2-dichloroethylene.

c. Inhalation

Pertinent information could not be located in

the available literature.
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III. PHARMACOKINETICS
A. Absorption
Animal or human studies do not appear to exist
which specifically document the degree of systemic absorp-
tion of trans-l,2-dichlorocethylene by any route.
B. Distribution
Pertinent data could not be located in the avail-
able literature.
C. Metabolism
Trans-l,2~dichlorcethylene is metabolized through
an epoxide. intermediate to either a dichlorcacetaldehyde
or monochlorcacetic acid (Liebman and drtiz, 1977). The
epoxide intermediate which is reactive, may form covalent
oonds with tissue macromolecules (Henscnler, 1977). Meta-
polism of the cis-isomer relative to the amount taken up
by the liver was much greater than the trans-iscmer (McXenna,
et al. 1977).
D. Excretion
Pertinent data could not be located in the avail-
able literature.
IV. EFFECTS
A, Carcinogenicity
Pertinent data could not be located in the avail-
able literature. ’
B. Mutagenicity ,
Trans-1,2-dichloroethylene has been shown to be
negative in the E. ggéi K12 and Salmonella mutagenicity

assays (Greim, et al. 1975; Cerna and Kypenova, 1977).



C. Teratogenicity and Other Reproductive Effects
Pertinent information <c¢ould not be located in
the avail;ble literature.
D. Chronic Toxicity
Although 1little data 1is available specifically
on trans-1l,2-dichlorocethylene, it appears that chronic expo-
sure results in kidney and liver damage similar to that
noted with 1,l-dichlorocethylene (U.S. EPA, 1979). Jenkins,
et al. (1972) found trans-l,2-dichloroethylene to be consider-
ably less potent than 1,l-dichloroethylene.
v. AQUATIC TOXICITY
A. Acute Toxicity
The reported 96-hour LCSO value for the bluegill,

Lepomis macrochirus, exposed to 1,2-dichloroethylene |is

135,000 pg/1 (U.S. EPA, 1979) in a static test procedure.
B. Chronic Toxicity, Plant Effects and Residues
Pertinent information <could not be located in
the available literature.
VI. EXISTING GUIDELINES AND STANDARDS
A. Human
The American Conference of Governmental Industrial
Hygienists (ACGIH, 1977) threshold 1limit wvalue (TLV) for
1,2-dichloroethylene is 790 mg/m3, with calculated daily
exposuie limits of 5,643 mg/day. The U.S.rEPA {1979) dratft
Water Quality Criteria Document for Dichloroethvlene states
that human health criterion could not be derived due to

the lack of sufficient data on which to base a criterion.
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B. Agquatic
Guidelines do not exist for salt water species
because of insufficient data. The draft criterion to pro-
tect freshwater aquatic life is 530 pg/l as a 24-hour aver-

age and not to exceed 1200 pg/l at any time (U.S. EPA, 1979).
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DICHLOROETHYLENES

Summary

0f the three dichloroethylene isomers, cis 1,2-dichleorcethylene,
trans 1,2;dichloroethylene, and 1,1-dizhloroethylene, cnly the 1,1-dichloro-
ethylene isomer is produced in large gquantities. Most of the nealth
effecps information available is related to the 1,1=dichloroethylene
isomers; however, qualitatively the toxicity of the 1,2-dichloroethylene
isomers appears to be similar, with depression of the central nervous
systeﬁ and liver and kidney damage. Of the thre; isomers, 1,1-dichloro-
ethylene is the most toxic. Both 1,1-dichloroethylene and trans 1,2-
dichloroethylene are mutagenic in bacterial systems. OCnly 1,l-dichloro-
ethylene has been shown to be a carcinogen.

All of the available aquatic¢ data, with one excepntion, are for 1,1-
dicnlcroethylens. Reportad 3Sd-nour LCgq values for the bluegill are 73,900

. 1

00 pgri, respectively, for 1,l-dicnlorcentylene and 1,2-di-

(V2]
u

and 135,
ecnlorcethylene, Tuo chbsarvad 48-ncur LCgg values ior Dapnnia exposed to
1,1-dichloroethylene range were 11,800 and 79,000 ug/l. All saltwater
fish and invertebrates tested with 1,1-dichlercethylene showed 96-hour
LCsq values over 224,000 ug/l, and all algae tested both in fresh and
saltwater, had 96-nour ECgg values (based on cell numbers) of 718,000 pg/l
and over. In the only reported chronic study, no adverse effects were

observed at the highest test concentration of 2,800 ug/l for fathead

minnows exposed to 1,1-dichloroethylene.



DICHLOROETHYLENES

I. INTRODUCTION

This profile is based on the draft Ambient Water Quality Criteria
Document for Dichlorcethyvlenes (U.S. EPA, 1Q79).

The dichloroethylenes (CoHoCly; molecular weight 96.95) consist of
the three isomers: 1l,l-dichlorocethylene, cis- 1,2-dichloroethylene, and
trans-l,2-dichloroethylene. Dichloroethylenes are clear colorless liquids
with water solubilities between 2,500 and 6,300 pg/l, vapor pressures
between 591 and 208 mm Hg, and melting points beéﬁeen -50°C and =-122°C
(U.S. EPA, 1979). The 1,1~dichloroethylene isomer is the most extensively
used in industry, with annual production prior tc 1976 of anproximately
120,000 metric tons (Arthur D. Little, Inc., 1976). The 1,1=-dichloroethylene
isomer is used as a chemical intermediate in the synthesis of methylchloroform

and in the procucticn of pclyvinylidene chloride ccpclymers (PVDCsi.
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The National Organic Monitoring Survey (U.S. EZPA, 1978a) reported
detecting 1,T-dichloroethylene in finished drinking waters; however,
neither the amount nor the occurrence was quantified. Both cis and trans~

4

1,2-dichioroethylene were found at concentrations of 196 and 1 ug/l,
respectively, in Miami drinking water (U.S. EPA, 1975, 1978b).
B. Food
Pertinent data could not be located on the ingestion of dichloro-

ethylene in foods. The U.S. EPA (1979) has estimated the weighted bioconcen=-

tration factor for 1,'-dichloroethylene to be 6.9 for the edible pertions of

.
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fish and shellfish consumed by Americans. This estimate is based on the
cctanol/water partition coefficients of 1,1=-dichlorocethylene. Thers is no
estimate for a bioconcentration factor for the other iscmers.
C. Inhalation
The population at risk due to vinylidene chloride exposure is composed
primarily of workers in industrial or commercial operations manufacturing or
using it. Airborne emissions of vinylidene chloride are not likely to pose a
significant risk to the general population. Emissions during production,
storage, and transport can be controlled by methods similar to those planned
for QPntrol of vinyl chloride (Hushon and XKornreich, 1978)
III. PHARMACOKINETICS
A. Absorption
Specific data on the absorption of dichlorocethylenes are unavailable.
However, a recent_study by McXenna, et al. (i978b) suggests that in rats most,
if net all, of the orzlly administered dose is absorbed at two dose levels: 1
and 5C mg/Rkg.
B. Distribution
Distribution of 1,1-dichloroethylene was studied in rats following

inhalation (Jzeger, et al. 1977). The largest concentrations were found in

o

kidney, followed by liver, spleen, heart, and brain; and Jasting mads no
difference in the distribution pattern. At the subeellular level 1l,l-dichloro-
ethylene or its metabolites appear to bind to macromolecules of the microsomes
and mitochondria (Jaeger, et al. 197T7). There is also some association with
the lipid fraction. Distl,2-dichleoroethylene isomers, are not available.
C. Metabolism
The essential feature of all dichloroethylene metabolism is the

presence of epoxide intermediates which are reactive and may form covalent

- 575"
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bonds with tissue macromolecules (Henschler, 1977). In rats and mice,
covalently bound metabolites of 1,1-dichloroethylene are found in the
kidney and liver (McKenna, et al. 1978b). Interaction of dichloroethylenes
with the microsomal mixed function oxidase system is not clear, since
both inhibitors (dithiocarbamate) and inducers {(phencbarbital) decreased
the toxic effects of 1,1-dichlorocethylene (Anderson and Jenkins, 1977;
Reynolds, et al. 1975; Jenkins, et al. 1972). Carlson and Fuller (1972),
however, reported increased mortality frcm 1, 1-dichlorcethylene in rats
following phenobarbital pretreatment. There istevidence that the 1,1-
dichloroethylene metabolites are conjugated with gluthathione, which
presumably Eepresents 2 detoxification step (McKenna, et al. 1978b).
B. Zxcretion

The only information available on elimination pertains to the
1,1=-dichlorcethylsns iscmer. It is postulated thzt the 1,1-dichloro-
ethvizne isomer has a rapid rats of elimination since a substancial
fraction of the tctal absorbed dose mav be recoveraed in urine within 26
to 72 hours (Jaeger, et al. 1977; McKenna, et al. 1978a). Also, dis=-
appearance of covalently bonded metabolites of 1,1-dichloroethylene
(measured as TCA-insoluble fractions) appears to be fairly rapid, with a
reported haif-life of 2 to 3 hours (Jaeger, et al. 1977).
IV. EFFECTS |

A. Carcinogenicity

There is only data on the carcinogenicity of the 1,1-dichlofo-
ethylene isomer. This isomer has been shown to produce kidney adeno-
carcinomas in male mice and mammary- adenocarcinomas in female mice upon

Ld

inhalation of 100 mg/m3 (Maltoni, et al. 1977; Maltoni, 1977). In

gl -
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similar experiments with Sprague-Dawley rats exposed as high as 800 mg/m3,
no significant increase in tumor incidence was noted. Hamsters exposed
to the same conditions as the mice failed to exhibit aﬁ increased tumor
incidencer (Maltoni, et al. 1677). In rats exposed to 1,l=dichlorcethylane
in their drinking water (200 mg/l) there was no evidence of increased
tumors (Rampy, et al. 1977). There was an incregsed incidence of mammary
tumors in rats receiving 20 mg of 1, 7-dichloroethylene by gavage U to 5
days a week for 52 weeks. The incidence was 42 percent in the treated
animals and 34 percent in>the controls; however: the data was not analyzed
statistically (Maltoni, et al. 1977).

B. Mﬁtagenicity

1,i-Dichloroethylene has been shown to be mutagenic in é; typhimurium

(Bartsch, et al. 1975) and Z. coli K12 (Greim, et al. 1975); however,

both the cis and trans iscmers of 1,2-dicaiorcetnylene were non-gutagenic

when assayed witin Z. ¢oii Xi2. In order to demonstrate mutagenic aciivity,

i,1-dichloroethylene needed microsomal activation. In addition, cis
1,2-dichlorcethylene was mutagenic in 3almonella tester strains, and
oromoted chromosomal aberrations in cytogenic analysis of bone marrow
cells (Cerna and Kypenova, 1977). In mammalian systems, 1,1-dichlorcethylene
was negative in the dominant lethal‘assay (Shor;, et al. 1977b; Anderson,
et al. 1977). .
c. Teratogenicity
A study by Murray, et al. (1979) failed to show teratogenic
effects in rats or rabbits inhaling concentration§ of up to 160 ppm 1,l-di=-
chloroethylene for 7 hr/day or in rats given drinking water contain%pg

200 ppm 1,l-dichloroethylene.
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D. Other Reproductive Effects
Pertinent data could not be located in the available literature.
E. Chronic Toxicity
In animal studies, liver damage is associated with exposure
either in the air or water, to dichloroethylenes (6 mg/m3 or 0.79 mg/l)
with transitory damage appearing as vacuolization in liver cells (U.S.
EPA, 1979). Jenkins, et al. (1972) found both cis and trans 1,2-dichloro-
ethylene to be considerably less potent than 1,1-dichloroethylene as a
hepatotoxin. Less attention has been paid to the renal toxicity of the
dichloroethylenes despite the occurrence of histologically demonstrated
damage at 1,1-aichloroethylene exposures 2qual to or less than theose
required for hepatoxicity (Prendergast, et al. 1967; Short, et al. 1§7T7a).
F. Other Relevant Information

Alterations in tissue glutathione concenirations aifect the

'y
cr

20atQ

oxicity cf 1,!1-dichloroethylzsns, witn decreased tissue glutfathlicns

ssociated with greater toxicity and elavated glutnatnicne asscciated

N

with decreased toxicity (Jaeger, et al. 1973, 1977).
v. AQUATIC TOXICITY
A. Acute Toxicity
All of the available data for dicnlorocethylene, with one exception,
are for 1,1-dichlorcethylene. The data on acute static tests with bluegill,

Lepomis macrochirus, under similar conditions show a correlation between

the degree of chlorination and toxicity. The 96-hour LCgg values for the

bluegill are 73,900 and 135,000 ug/l for 1,1- and 1,2:dichloroethylene,
respectively. Additional data for other ethylene chlorides are as follows: 44,700
ug/l for trichloroethylene, and 12,900 ug/l for tetrachloroethylene (U.S.

EPA, 1978¢c). These results indicate an increase in the lethal effect on

bluegills with an increase in chlorire content.

45~
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The 96~hour LCsg value for the sheepshead minnow, Cypuimocen variegatus,

tidewater silverside, Menidia bervllina, and mysid shrimp, Mysidepsis

behia, following exposure to 1,1~dichloroethylenes are all over 224,000
ug/l (U.S: EPA, 1378¢c).
B. Chronic Toxicity
In the only reported chronic study, an embryo-larval test in
fathead minnows, no adverse effects were observed ;t the highest test
conecentration of 1,1-dichlorcethylene, 2800 pg/} (U.S. EPA, 1979).
C. Plant Effects |

The 96-hour EC5q values based on cell numbers of the freshwater

alzgae, Salenestrum cagriccrnutum and the saltwater algae, SKelatcanszma

eostatum, are 798,000 and 712,000 ug/l, respectively, for exposure to
l,l—dichloroeth&lene (U.S. EPA, 1978e).
D. Residues
Pertinent infcrmation cculd not be located in the available
literature. .
VI. EXISTING GUIDELINES AND STANDARDS
A. Human
The American Conference of Governmental Industrial Hygienists
(ACGIH, 1977) threshold limit values (TLV) are U40Q mg/m3 (1,l-dichloro-
ethylene) and 790 mg/m3 (1,2-dichloroethylene). These values allow daily
exposures of 286 mg 1l,l-dichloroethylene per day and 5,643 mg 1,2-di-
chloroethylene per day. The U.S. EPA fl979) draft water criteria document
for dichloroethylene states that no numan health criterion could be derived

for cis- and trans-1,2-dichloroethylene due to the lack of sufficieat

data on which to base a criterion. 1l,l-dichloroethylene is suspected of

e
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being a human cércinogen, and using the "one-hit" model, the U.S. EPA
(1979) has estimated levels of 1,1-dichlorocethylene in ambient water

which will result in specified risk levels of human cancer:

Exposure issumptions Risk levels and Corresponding Draft Criteria
(per day) -
107 T 107°

2 liters of drinking water
and consumption of 18.7 0.013 ug/l 0.13 ug/l 1.3 ug/l
grams fish and shellfish
Consumption of fish and 0.11 wug/l 2.1 ug/l 21 ug/1l
shellfish only.
B. Aquatice

The proposed draft criterion to protect freshwater species

“rom dichlcoroethylene toxicity are as follows (U.S. EPA,_1979):

Cecncentration not to be

mocund Y-nr. Averag .
Compound gi-or. Average exceeded at anvtime
1l,l-dichloroetnylens 530 ug/l 1,200 ug/l
1,2-dic¢hloroetnylene 620 ug/1 1,400 ug/1

For saltwater species:

1,l1-dichioroetnylene 1,700 ug/l 3,900 ug/1
1,2-dichlorocethylene Not available Not avzilable

s
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DISCLAIMER

This report represents a survey of the potential health and
environmental hazards from exposure to the subject chemical. The
information contained in the report is drawn chiefly from secondary
sources and available reference documents. Because of the limi-
tations of such sources thls 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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DICHLOROMETHANE (DCM)

SUMMARY

In humans, DCM 1s a central nervous system depressant
resulting in narcosis at high concentrations, and impaired task
perform#gce. Dichloromethane is metabolized to carbon monoxide
and causes an increase in carboxyhemoblogin, placing persons with
cardiovascular disease, and perhaps those- who are pregnant, at
increased risk of disease. On the basis of present evidence, DCM
cannot be firmly identified as an animal or human carcinogen.

DCM has been shodn to be mutagenic to Salmonella, but not to

S. cerevisia and Drosophila, and causes cell transformation.

Aquatic organisms are fairly resistant to dichloro-

methane, with acute toxicity values ranging from 193,000 to 331,000

[
ug/1l.
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DICHLOROMETHANE

~I.: INTRODUCTION

This profile i1s based on the Ambient Watef Quality Criteria
Document for Halomethanes (U.S. EPA, 1979a).

bichi;romethané (CHy9Cly, methylene chloride, methylene
dichloride, and methylene bichloride; molecular weight 84.93) {s
a colorless liquid with a melting point of -95.1°C, a boiling
point of 40°C, a specific gravity of 1.327 géml at 20°C, a vapor
pressure of 362.4 mm Hg at 20°C, and a solubility in water of
13.2 g/1 at ZS;C. Dichloromethane is a common industrial solvent
found in insecticides, metal cleaners, -paints, and paint and
varnish removers (Balmer, et al., 1976). 1In 1976, 244,129 metric
tons were imported (U.S. EPA, 1977). For additional information
regarding the halomethanes as a class, the readerAis referred to
the Hazard Profille on Halomethanes (U.S. EPA, 1979b).‘
II. EXPOSURE

* A, Water
The U.S. EPA (1975) has identified dichlofamethane in

finished drinking waters in the U.S. in B8 of 83 sites, with a
maximum level of 0.007 mg/l and a median of less thamn 0.001
mg/l. The dichloromethane in drinking water 1s not a product of
water chl;rination (U.S. EPA, 1975; Morris and McKay, 1975). 1In
the national organics mon;coring survey, dichloromethane was
detected in 15 of 109 sites, with a mean concentration (positive

results only) of 0.0061 mg/l (U.S. EPA, 1978).
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B. Food
‘Pertineﬁt information could not be located in the
Aavailable literature.
c. Inhalation
Repofted background concentrations of dichloromethane
in both continental and saltwater atmospheres were about 0,00012
mg/m3, and urban air concentrations ranged from less than 0.00007
to 0.00005 mg/m3. Local indoor concentrations can be high due to
the use of aerosol sprays or solvents (Natl. Acad. Sci., 1978).
ITI. PHARMACOKINETICS
A. Absorption
Efficiences of absorption of dichloromethane by the
lungs are between 30 to 75 percent, depending on length of
exposure, concentration, and activity level (Natl. Acad. Sci.,
1978; Natl. Inst. Occup. Safety and Health, 1976). ‘
B. Distribution
Upon inhalation and absorption, dichloromethane levels
increase rapidly in the blood to equilibrium levels that depend
primarily upon atmospheré concentration (Natl. Acad. Sci., 1978).
Carlsson and Hultengren (1975) reported that dichloromethane
and its metabolites were in highest concentrations in white
adipose tissue, followed in descending order by levels 1in brain
and 1liver.
c. Metabalism
Dichloromethane is metabolized to carbon monox;de.

Some of this carbon monoxide is exhaled, but a significant amount
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is involved in the formation of carboxyhemoglobin (Natl. Inst.
Occup. Safety and' Health, 1976). Cardiorespiratory stress from
elevated c;rboxyhemoglobin may be greater as a result of
dichloromethaﬁe exposure thaa from exposure to c#rbon monoxide
alone due to the continued formation of carbon monoxide following
cessatioﬁ'of dichloromethane exposure (Stewart and Hake, 1976).
As shown by animal experiments, other possible human metabolites
of dich;oromethqne include carbon dioxide, formaldehyde, and
formic acid (Watl. Acad. Sci., 1978).

D. Excretion

A lérge proportion of absorbed dichloromethane is ex-

creted unchanged, primarily via the lungs, with some in the urine.
DiVincenzo, et al. (1972) have reported that about 40 percent of
absorbéd dichloromethane undergoes some reaction and decomposition
process in the body.
IV. EFFECTS

A, Carcinogenicity

Friedlander et al. (1978) analyzed the mortality of

Eastman-Kodak male employees exposed to low levels of methylene
chloride. ﬁo significant neopla;tic risk factors were identified.

Theliss and coworkers (1977) examined the tumorigenic activity
of dichloromethane in strain A mice. Dichloromethane at the low
dose (1:5'd11ution of the maximum tolerated dose) produced
marginally significant increases in tumor response. Shimkin and
Stoner (1975) did not report a positive carcinogenic response for

the strain A mouse bioassay syétem.
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Although the data base 1s inadequate, there 1s a basis to
suspect‘thé potenéial carcinogenicity of DCM based on the (marglinally
positive) pulqonary adenoma response in strain A mice, on positive
responses for mutagenicity in the Ames test, and on the ability
to transform rat embryo cells (see below).

B. -.Mutagenicity

Simmon, et al. (1977) reported that dichloromethane

was mutagenic to Salmonella typhimurium 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. A linear dose response curve
was observed. Dichloromethane did not increase mitotic recombination
in-S. cerevisia D3 (Simmon, et al., 1977), and it was reported

negative on testing for mutagenicity in Drosophila (Filippova, et

al., 1967). Positive results fop dichloromethane in the Ames
assay were recently confirmed by Jongen, et al. (1978) with vapgr
phase exposures (5,700 ppm) of strains TA98 and TA1NO.

c. Teratogenicity ‘

Schwetz eé al., (1975) showed that DCM can affect

embryonal and fetal development in rats and mice as evidenced by
the increased incidence of extra sternebrae. NDCM also affects the
development of chick embryos, causing a 2 to 3-fold increase in mal-
formation frequencies (Elsavaara et al., 1979).

D. Other Reproductive Effects

Cynecologic problems in femal workers exposed for
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long period to gasoline and dichloromethane vapors were reported -
by Vozovaya (1974). Also, inhalation e#posures of rats and mice
;6 vapor levels of 4,342 mg/m3 for gseven hours daily on gestation
days 6 to 15 nfoduced evidence of feto-~ or embryotoxiciﬁy (Schweti,
at al., 1975; Natl. Inst.‘0ccup. Safety aQ§ Health, 1976).

E. Chronic Toxicity

Acute exposures to dichloromethane produce central

nervous system disfunction, are irritating to mucous membranes,
and increase the level of carboxyhemoglobin (Natl. Acad. Seci.,
1978). Price, et al. (1978) reported that Fischer rat embryo
cells (F1706) were transformed by dichloromethane at high
concentrations (l.6 x 10‘3M) in the growth medium. However,
Sivak.(1978) indicated the presence of carcinogenic contaminants
in fhe dichloromethane and could not demonstrate transformation
in the BALB/C-3T3 assay system with highly purified food grade
dichloromethane.
' AQUATIC TOXICITY

A. Acute Toxleity:

Acute toxicity values‘have been obtained for two species

of freshwater fish and Qne specles of freshwater invertebrates.

LCg5g values for the fathead minnow (Pimephales promelas) ranged

from 193,000 ug/l in a flowthrough assay to 310,000 ug/l in a

static assay. An LCs5p value of 224,000 ug/l was obtained for the

bluegill (Lepomis Macrochirus) in a statiec assay. Daphnia magna

were reported as having an LCsg value of 224,000 ug/l (U.S. EPA,



1979a). For the marine fish, the sheepshead minnow (Cyprinodon

variegatus), an LC50 of 331,000 ug/l was obtained. The marine

mysid shrimp was reported as having an LCg5g value of 256,000

ug/1l.
B. Chronic Tokicity

Chronic tests for freshwater or marine species could

not he located in the available literature.
c. Plant ‘Effects

Both species of freshwater algae, Selenastrum capricor-

nortum and marine algae, Skeletonema cornutum, were equally

resistant to &ichloromethane, with LCgn values in excess of
£62,000 ug/l.
VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived by
the U.S. .EPA (1979a), which are summarized below, have gone
through the process of public review, therefore, there 1is a
possibility that these criteria will be changed.

A. Human

O0SHA (1976) has establishéd an eight-hour, time-weighted

average for dichloromethane of 1,737 mg/m3; however, NIOSH (1976)
has recommended a ten-hour, time-weighted average exposure limit
of 261 mg/m3. The U.S. EPA (1979a) draft water quality criterion
for dichloromethane is 2 ug/l. The reader is referred to the
Halomethanes Hazard Profile for discussion of criteria derivation

(U.S. EPA, 1979b).



B. .Aquatic'
The criterion for protecting freshwater aquatic life has
been drafted ;s 4,000 ug/l, not to exceed 9,000 ug/l, while the
marine crite;ion has been drafted as 1,900 ug/l, not to exceed

4,400 ug/i.
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DISCLAIMER

This report represents a survey of the potential health and
environmental hazards from exposure to the subject chemical. 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 reflect all
available information impacts presented by the subject chemical.

This document has undergone scrutiny to ecsure its technical accuracy.
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2,4-DICHLOROPHENOL

Summary

Insufficient data exist to indicate that 2,4-dichlorophenol
is a carcinogenic agent. 2,4-Dichlorophenol appears to act as a
nonspecific irritant in promoting tumors in skin painting studies.
No information on mutagenicity, teratogenicity, or chronic toxicity
is available.. In a subacute study, the only adverse effect noted
in mice was mic;oscopic nonspecific liver changes. 2, 4-
Dichlorophenol appears to be a weak uﬁcouélep of oxidative
phosphorylation.

Acute and chronic toxic effects of 2,4~dichlorophenol have
been observed at a concentrations as low as 2,200 and 365 ug/1l
respectively. Mortality to early life stages of one speciles of
fish occurs at 70 ug/l. Flavor impairment studies indicate
that the highest concentrations of 2,4-dichlorophenol in water
which would not cause tainting of:the edible portions of fish
range from 0.4 to 14 ug/l depending on the species of fish

-consumed.
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2,4-DICHLOROHENOL (2,4 DCP)

I. %NTRODUCTION

Thié profile 18 in large part based on the Ambient Water
Quality Criteria Document for 2,4-dichlorophenol (U.S. EPA,1980).

2,4-Dicplor0phenol is a colorless, crystalliné solid having
‘the empirical formula éGH4C120 and a molecular weight of 163.0°
(Weast, 1975). It has the following physical and chemical
properties (Sax, 1975; Aly and Faust, 1965; Weasé, 1975; Rirk and

Othmer, 1964):

Melting Point: 459 ¢

Boiling Point: 2109 C at 760 mm Hg

Vapor Pressure: : 1.0 am Hg at 53.0° C
Solubility: slightly soluble in water

at neutral pH; dissolves
readily in ethanol and
benzene
2,4-DCP 1is a commercially produced, substituted phenol used
eﬁtirely as an intermediate in the manufacture of industrial and
agricultural products such as the herbicide 2,A-dichlorophenoxyacetic
acid (2,4-D), germicides, and miticides.
Little data exists regarding the persistence of 2,4~
dichlorophenol in the environment. .It is a product resulting
from degradation of many commefcial products by plants, micro-
organisms, and sunligﬁt. Its low vapor pressure cause it to be
only slowly removed from surface water via volatilization (U.S.
EPA, 1980). Studies have indicated low absorption of 2,4-~DCP
from naturgl surface waters by various clays (Aly and Faust,

1964). 2,4-DCP 1is photolabile in aqueous solutions (Aly and Faust,

1964; Crosby and Tutass, 1966) and can be degraded to succinic
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acid by microorganisms in soil and water (Alexander and Aleem,
1961; Ingols, et al., 1966; Loos, et al., 1967). 1In lake water,
under laboratory conditions, the half life of 2,4-~-DCP is 8-9
days 1in aeratéd waters and 17 days undér anaerobic conditions
(U.S. EPA 1980).
II. EXPOSURE

A. Water

Sources of 2,4~DCP in water are agricultural run-off (as a
contaminant and metabolic breakdown produét of biocides) and
manufacturing waste discharges (U.S. EPA, 1980). Recent
experiments under conditions simulating the natural environment
have not demonstrated that 2,4-dichlorophenol is a significant
product resulting from chlorination of phenol-containing wastes
(Glaze, et al, 1978; Jolley, et al. 1978). The worst-case exposure
to 2,4 DCP from drinking water, as calculated from 2,4-DCP level
in water downstreams from a 2,4-DCP manufacturing. facility,
has been estimated as 36 ug/kg body weight/day.

B. Food

Contamination of food with 2,4-DCP could be an indirect
result from use of the herbicide 2,4~D (U.S. EPA, 1980). The
worst use estimate for the degree of human exposure to 2,4~DCP from
consumption of contaminated meat 1is about 4 ug 2,4-DCP/kg body
weight.

The U.S. EPA (1980) has estimated the weighted average
bioconcentration factor for 2,4-dichlorophenol to be 41 for the
edible portions of fish and shellfish consumed by Americans.

This estimate is based on the octanol/water partition coefficient.
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C. 1Inhalation
Pertinent information regarding direct evidence indicating

that humans are exposed to significant amounts of 2,4-dichlorohenol

through inhalation has not been found in the available literature.

III. Absorption
APerfinent information regarding the absorption of 2,4~

dichlorophenol in humans or animals was not found in the available
literature, although data on toxicity Iindicate that 2,4-
dichlorophenol is absorbed after oral administration (Deichmann, 1943;
Robayashi, et al. 1972)., Due to its high 1lipid solubility and
low ionizatioﬁ at physiological pH, 2,4-dichlorophenol 1is expected
to be readily absorbed after oral administration (U.S. EPA, 1979).
B. D;stribution

Pertinent information dealiné directly with tissue distribution
after 2,4-dichlorophenol exposure was not found in the available
literature. Feeding of 2,4~D (300 - 2000 ug/g feed) to cattle
and sheep (Clark, et al. 1975) and Nemacide (50 - 800 ug/g feed)
té laying hens (Sherman, et al. 1972) did not produce detectible
regidues of»Z,d—dichlorobhenol in muscle or fat. CQttle and
sheep had high levels of 2,4-dichlorophenol in kidney and liver;
hens had detectible levels of 2,4-dichlorophenol in liver and yolk.
C. Metabolism

Per?inent information dealing directly with metabolism of
administered 2,4-dichlorophenol was not found in the available

literature. In mice, urinary metabolites of l14C-labelled gamma
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or beta benzene hexachloride (hexachlorocylohexane) included 2,4~
dichorophenol and its glucuronide and sulfate conjugates (as 4-6
percent of total‘metabolites) (Kurihara, 1975).
D. Excretion

Pertinent information dealing with excretion of administered
2,4-dichloropﬁenol was not found in the available literature.
After oral administration of 1.6 mg Nemacide to rats over a 3-day
period, 67 percent of that cqmpound appeared in urine as 2,4-
dichlorophenol within 3 days. With a dosage of 0.16 mg Nemacide,
70 percent of the compound appeared in urine as 2,4—dichlorophenol
within 24 houfs (Shafik, et al. 1973).
IV. EFFECTS

A. Carcinogenicity

Existing data are not sufficient to indicate whether

2,4-dichlorophenol 1Is a carcinogen. The only study performed
(Boutwell and Bosch, 1959) indicate that 2,4-dichlorophenol may
promote skin cancer in mice after initiation with dimethylbenz-
anthracene. An analysis of the data of Boutwell and Bosch using
the Fisher Exact Test indicatedlthat the incidence of papillomas.
in 2,4-DCP-treated groups was significantly elevated over controls,
while the incidence of carcinomas was not (UJ.S. EPA, 1980).

B. Mutagenicity, Teratogenicity and Other Reproductive'
Effects

‘No studies addressing the mutagenicity, teratogenicity
or other reproductive effects of 2,4-DCP in mammaliam systems
ware found in the available literature. However, genotoxic

effects of 2,4-DCP have been reported in plants. Exposure of
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flower buds or root cells of vetch (Vicia fabia) to solutions of

2,4=DCP, 01M and 62.5 wg/l, respectively, caused meilotic an&
mitotic changes i;cludihg alterations of chromosome stickiness,
lagging chromosome anaphase bridges and fragmentation (Amer and
Ali, 1968, 1969, 1974). The relationship of such changes in
plant cells.to'potential changes in mammalian cells has not been
established (U.S. EPA, 1980).
cC. Chronic Toxicity

One report (Bleiberg, et al. 1964) suggested that 2,4~
" dichlorophenol was involved in the induction of chloracme and
porphyria cutghea tarda in workers manufacturing 2,4~dichlorophenol
and 2,4,5-trichlorophenol. Since various chlorinated dioxins
(powerful chloracnegens) have been implicated as contaminants of
2,4,5=-trichlorophenol, the specific role of 2,4-dichlorophenol in
causing chloracne and porphyria is not conclusive (Huff and
Wassom, 1974).

In a study (Xobayaski, et al. 1972) in which male mice

were fed 2,4-dichlorophenol at estimated daily doses of 45, 100,
and 230 mg/kg body weight, no adverse effects were noted except
for some microscopic nonépecific-liver changes after.the maximunm
dose. Parameters evaluated included body and organ weights'and

food consumption, as well as hematological and histological

changes.
D. Other Relevant Information
Z,A;DCP is a weak uncoupler of oxidative phosphorylation

(Farquharson, et al. 1958; Mitsuda, et al. 1963). Values on odor
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threshold for 2,4~DCP in water range from 0.A5 to A.5 ug/l,
depending on the temperature of water (Hoak, 1957).
v. AQUATIC TOiICITY
A. Acute Toxicity (U.S. EPA, 1980)
Two 96~hour assays have been performed éxamining the
acute effects of 2,4-dichlorophenol in freshwater fish. An LCg0

value of 2,020 ug/l for the bluegill, Lepomis macrochirus, and an

LCsp value of 8,230 ug/l for the juvenile fathead minnow,

Pimpephales promelas, have been reported. Two studies on the

freshwater cladoceran, Daphnia magna, have produced 48-hour static

LCgg values of 2,610 and 2,600 ug/1.
Only one marine fish or invertebrate species has been
tested for the acute effects of 2,4-DCP: the mountain bass, a
species endemic to Hawaii is poisoned at 20 mg 2,4-DCP/1.
B. Chronic Toxicity
Data for the chronic effects of 2,4-DCP for either
freshwater or marine organisms were not located in the available
literature.
C. Plant Effects
Concentrationé of 2,4-DCP causing a 56 percént reduction
in photosynthetic oxygen production or a complete destruction of
chlorophyll were 50 or 100 mg/l, respectively, in algal assays

with Chlorella pyrenolidosa. An earlier study reported that 58.3

mg 2,4~D/1 caused a 50 percent reduction in Chlorophyll in the

duckweed, Lemna minor. No marine plant species have heen examined.
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D. Resldues

. A bloconcentration factor of 130 has been estimated from
the octaﬁol-water partition coefficient of 2,4~dichlorophenocl for
.aquatic organisms having a lipid content of eight percent. The
estimated weighted average bioconcentrajion factor for the edible
portion'bf'aquatic organisms 1is 41,

E. Miscellaneous

Flavp; impairment studies indicated that the highest
concentration of 2,4-DCP in the exposure water which would not

cause tainting of the edible portion of fish ranged from 0.4 ug/l

for the largemouth bass (Microbterus salmoides), to 14 ug/l for

the bluegill (Lepomis marcrochirus). The value for the rainbow

trout (Salmo gairdneri) was 1 ug/l.

'A. Human
Based upon the prevention of adverse organoleptic
effected, the criterior for 2,4-DCP in water recommended by the
U.S. EPA (1980) 1is 0.3 ug/l. This level is far below minimal no-
gffect concentrations determined in laboratory animals (U.S. EPA,
1980). 3.09 mg/l is the criterion based on toxicity data (U.S.
EPA, 1980); |
B. Aquatic
The criterion for protecting freshwater organisms ié
2020 ug/l (acute) and 365 ug/l as a chronic exposure value. YNo

criterion was derived for marine organisms (U.S. EPA, 1980).
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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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2,6-DICHLOROPHENOL

SUMMARY

There is no available information on the possible
carcinogenic, teratogenic, or adverse reproductive effects
of 2,6-dichlorophenol.

The compound did not show mutagenic activity in the Ames
assay. A singlg report has indicated that 2,6-dichlorophenol
produced chromosome aberrations in rat bong martow cells;
details of this study were not available for evaluation.

Prolonged administration fo 2,6~-dichlorophenol may
produce hepatoxic effects. Pertinent data on the toxi;iti of
2,h=-dichlorophenol to aquatic organisms were not found in the
available literature. However, EPA/ECAO0 Hazard Profiles on
related compounds may be consulted, including metachlorophenol,

2,4,5-trichlorophenol, and 2,3,4,6-tetrachlorophenol.
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I. INTRODUCTION

2,6=-Dichlorophenol (2;6;DCP), CAS registry number 87-65-0,
exists as white ﬁeedles and has a strong penetrating odor
resembling o-chloroﬁhenol. It has the following physical and

chemical constants (Weast, 1972; Hawley, 1971):

Formula: CgH4C1ly0
.. Molecular Weight: 163
Melting Point: 68°C - 69°C
Boiling Point: 219°C - 220°C (740 torr)
Vapor Pressure: _ 1 torr @ 59.5°C
pH: . 6.79
Production: ‘ unknown

2,6-DCP is prqduced as a by-product from the direct chlorination
of phenol. It is used primarily as a starting material for
the manufacture of trichlorophenols, tetrachlorophenols, and
pentachlorophenols (Doldens, 1964)f
II. EXPOSURE
A. W;ter

Phenols occur‘naturally in the environment and
chlorophenols are associated with bad taste and odor in tap
water (Hoak, 1957). 2,6-DCP has a taste and odor threshold
of 0.002 mg/l and 0.003 mg/l, respectively (McKee and Wolf,
1963). Piet and DeCGrunt (1975) found unspecified dichlorophenols
in Dutch surface waters at 0.0l to 1.5 ug/l, and Burttschell,
et al. (1959) demonstrated that chlorination of phenol-

containing water produced, among other products, 2,6-DCP in a

25-percent yield after 18 hours of reaction.
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B. Food
Pertinent data could not be located in the available
literature. .
C. Inhalation
Olie, et al. (1977) reported finding dichlorophenols
in flue ggs~cohdensates from municipal incinerators. The
levels were not quantified.
D. Dermal
Pertinent data could not be locgtéd in the available
literature; however, it is known that dichlorophenols are |
less toxic by skin contact than mono-chlorophenols and less
likely to be absorbed through the skin (Doldens, 1964).
III. PHARMACOKINETICS
_A. Absorption
Pertinent data could not bé located in the available
literature. By comparison with other chlorophenols, it is
expected that 2,6-DCP 1is absorbed through the skin and from
theAgastrointestinal tract, and rapidly eliminated (U.S. EPA,
1980).
B, Distribution
Pertinent data could not be located in the available
literature. The high 1lipid solubility of the compound would
suggest that the unexcreted and unmetabolized compound distributes
to adipose tissues.
€. Metabolism and Excretion
Pertinent data could not be located in the available

literature. By comparison with other chlorophenols, it is
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expected that 2,6~DCP 1is rapidly eliminated from the body,
primarily as urinary sulfate and glucuronide conjugates (U.S.
EPA, 1980).
iv. EFFECTS-
A, Carc}nogencity
.. Pertinent data could not.be loca}ed in the availahle
literature.
B. Mutagenicity .
| 2,6=-DCP did not show mutagenic activity in the Ames
assay (Rasanen, et al. 1977). Chromosome aberrations in rat
bone marrow cells have been observed following compound
administration (route and dosage not indicated) (Chung, 1978).
C. Teratogenicity and Other Reproductive Effects
Pertinent data cquld not be located in the available
literature.
D. Chronic Toxicity
Administration of 2,6-DCP to rats (route and dosage
nqt specified) has been repérted to produce hepatic degeneration
(Chung, 1978).
E. Other Relevant Information
In vitro tests have indicated that 2,6=DCP inhibits
liver mitochondrial respiration (level not specified) (Chung,'
1978). At relatively high concentrations 2,6~DCP affects the

nervous system (U.S. EPA, 1980).
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V. AQUATIC TOXICITY
A. Acute
McLeese, et al. (1979) reported a 52-hour lethal
threshold limit of 19,100 ug/l for marine shrimp (Crangon

septemspinosa) exposed to 2,6-DCP.

B. Chrénic Toxicity, Plant Effects and Residues
Pertinent data could not be located in the available
literature.
VI. EXISTING CUIDELINES AND STANDARDNS
A. Human
Baséd on the organoleptic properties of 2,6-DCP, a
water quélity criterion of 0.2 ug/l has been recommended by
the U.S. EPA (1980).
B. Aquatic
No existing criterla to protect fresh and saltwater

organlisms were found in the available literature.
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2, 4~-DICHLOROPHENOXYACETIC ACID

Summary

Oral administration of 2,4-Dichlorophenoxyacetic acid (2,4-D) failed to
produce carcinogenic effects in mice or dogs; however, feeding technical
grade 2,4-0 did produce tumors in a study with rats. Subcutaneous adminis-
tration of the iscoctyl ester of 2,4-D has been reported to produce reticu-
lum cell sarccmas in mice.

A single study has indicated that 2,4-0 produged mutagenic effects in

Saccharomyces. Other investigations have failed to show mutagenic effects

of the compound Salmonella, Orosephila, Saccharomyces, or the domimant

lathal assay with mice.

2,4-D and severzl of its esters failed to show teratcgenic eoffects in
mice; the propylene glycol butyl ether ester of the comocund oroduced an in-
creasa in claft palstes in this study.  Studise in hamsters crally acdminis-
tersd 2,4-3 and derivatives showed teratogenic erffacts. Orzl adminisfrztion
of 2,4-D to rats failed to indicate teratogenicity in orme study; another in-
vestigation using oral administration of 2,4-D to rats found teratogenic ef-
fects. A three-generation feeding study of 2,4-0 to rats indicatsd feto-
toxic effects at a2 dosage of 1,5C0 com.

Toxicity tests on a variety of aquatic organisms generally have demen-
strated that varicus esters of 2,4-0 are more toxic than the 2,4-0 acid, di-
methyl aminre, or sodium salt. Freshwater trout and bluegill sunfish wers
adversely affected by the propyleme glycol butylether (PGEE) ester at con-
centrations of 2CO fo 2,000 ug/l. Oaphnids and freshwater seed shrimp were
sensitive to the PGBE ester at concentrations of 100 to 300 pg/l.  Chrenic
exposure of several species of fish to concentrations up to 310 pg/l has not

demonstrated any toxic effect.
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2, 4-DICHLOROPHENOXYACETIC ACID

I. INTRODUCTION

2,4-Dichlorophenoxyacetic acid, CAS Registry number 94-75-7, commonly
known as 2,4-0, is a white or sligﬁtly yellow crystdlline compound which is
odorless when pur2. 2,4-0 has the following physical and chemical proper-

ties (Herbiciqe Handbook, 1579):

OCH,cooH
Cl
Cl .
Formula: C8H5C1203
Molecular weight: 221.0
Melting Point: 13590-1389C (technical);
140%-1419C (pure)
Soiling Point: 1809 @ 5.4 torr
Density 1.565°0
Vapor Frassure: 0.4 torr I 1&CCC
Solubility Acetone, =21cohel, cioxane ether,
isopropvl alcohol; slightlv
soluble in tenzeshe, sclubility in
water 0.C°¢/1CCg, H0
Production: Unknown

2,4-D 1s used as sn herbicide along with its various salts anad esters,
wnich vary its solupility propertiss. It is used mainly to control oreac-
leafed plants in pastures, and right-of-ways, and, and to keep lakes and
ponds free of unwanted submersed and emersed weeds.

II. EXPOSURE
4. Water
No estimates of average daily uptake of 2,4-D from water are

»

available; however, after ftreatment for water milfoil in reservoirs in

—oro-
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Alabama and Tennesses, the Tennessee Valley Authority found the concentra-
tion at downstream monitcring stations to be 2 ppb. 2,4-D was not found in
the harvested beans of red Mexican bean plants after irrigation with contam-
inated water (Cangst, 1979).
8. Food

The Food and Drug Administration, in monitoring milk and meat for
residues of 2,4-D from 1963 to 1969, found no trace of the herbicide in
13,000 samples of milk and 12,000 samplses of meat (Day, et al. 1978).
Cattle and sheep which were fed 2,000 ppm of 2,4-0 for 28 days had less than
.05 ppm 2,4-D in tpe fat and muscle tissue and no detectable amount of
2,4~dichlorophenal. After seven days withdrawal from the 2,4-D diet, these
tissue levels were drasticaily reduced (Clark, et al. 1973). Six species o7

fish were menitcred far threes wesks after the watsr in a pend was traatad

with a 2,4-D ester. The highest tissue concentration reached was 0.24 opm
sicht days aftar applicztizn, Subsazusntly, th2 harbicide ¢r its metsfolite
was a2iiminated rapidly. Clams and oysters accumulats more 2,4-0 then do

fish and crabs. Residue peaks occur frem 1 to 9 days after application and
then rapidly cacline (Gangst, 1979).
C. Inhalation
Partinent dataz were not found in the zvailable litsrzturs; how-
ever, some 2,4-0 esters which ars much more volatile than the parent ccm-
pound have been monitored in air uwp to Q.13 pg/m3 (Fatwell, et al. 1576;
Stanley, et al. 1971).

D. Dermal

Pertinent data were not found in the available literature.
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III. PHARMACOKINETICS
A. Absorption
Human absorption of 2,4-0 following oral intake is extensive;
Kohli et al. (1974) have determined absorption of 75'to 90 percent of ‘the
total dietary intake of the ccmpound. Animal studies have indicated that
the gastrointestinal absorption of 2,4-0 esters may be less efficient than
that of the free acid or salt form of the compound (NRCC, 1978).
8. DOistribution
The phenoxy herbicides are readily distributed throughout the body
tissues of mammals. Tissue levels of herbicide may be higher in the kidney
than in the bloed; liver and muscle show levels lower than those determined

7y -

in the =zlcod (NRCC, 1573). Withdrawal of dietary compcund produced aimcst
complate tissue loss of residues in seven days (Clark, ef 231, 1975).
Small amounts of ghenoxy herbicides are passed to the young

~

through the mcther's milk (Bjerke, at 21, 1972). Trarsplzcental transfer of
2,4-0 has besrn rzoorted in mice (Lindcuist and Ullberg, 1971).
C. Metabolism
Sauerhorf, et zl. (1976) determined that following oral adminis-
tration-of 2,4-D to human volunteers, the major amount excreted in the urine
was free comgournd; 2 smaller amount was excreted as 2 conjugate.  Tissus
analysis of sheep and cattle fed 2 4-0 have shown unchanged compound and
2,4-dichlarophencl to be present (Clark, et al. 1973).
D. Excraticn
Elimination of orally administered 2,4-b by humans is primarily
through the urine (95.1 percent of the initial dose); the nalf-life of the
compound in the body has been estimated as 17.7 hours (Szuerhoff, et.al.

1976). Clark, et al. (1964) have reported urinary elimination of 96 percent

R
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of an aral dose of labelled 2,4-D within 72 hours by sheep; approximately
1.4 percent of the administered dose was eliminated in the fecss.

The plasma half-life of 2,4-0 has been estimated to be from 11.7
to 33 hours in'humans (NRCC, 1978).
IY. EFFECTS

A. Carcinogenicity

Innes, et al. (1969) reported no significant increase in tumors
following feeding of mice with 2,4-D for 18 months. A two-year feeding
study in rats did indicate an increase in total tumgrs in females and malig-
nant tumors in males following feeding af -technical 2,4-D; a parallel study
with dogs fed teschnical compound did not show carcinogenic effects (Hansen,
et al. 1571).

Mice were administered maximum ;olerated doses of 2,4-0 ang its
butyl, isoprooyl, and isooctyl esters in a leng-term carcinmogenicity stuay.

wel2 seen aft=r succutanecus adminisiraticn of the isc-
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octyl estar {reticulum czll sarcomas; (NCI, 1563).
8. Mutagenicity

No mutagenic effects of 2,4-D in tests with Salmenella,

Saccharomvces, or Orosophila were observed (Fanrig, 1974). Siebert zand
Lemperle (1%74) hava reoortad mutzgenic effscts follewing *%reszimeri of

Saccharomvces cersvisiae strain 04 with agueous 2,4-D solution (1,000 mg/l).

Gavage or intraperitoneal administraticn of 2,4-D to mice failea
- to show mutagenic effects in the dominant lethal assay (Epstein, et al.
1972). -
C. Teratogenicity

Testing of 2,4-D and its n-butyl, isopropyl, and iscoctyl esters

in pregnant mice oroduced no significant teratogenic effects. Thers was a

—iiln
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significant increase in cleft palate deformities after administration of the
oropylene glycol butyl ether ester of 2,4-0 (Courtney, 1974).

Subcutaneous injection of the two isopropyl esters and the iso-
octyl ester of 2,4-D in pregnant mice has been reported to oroduce terato-
genic effects (Caujclle, et sl. 1967), althcugh the OM3C vehicle used is,
itself, a teratogen. Bage, et al. (1973) have also reported teratogenic ef-
fects in mice following injection of 2,4-D.

Oral administration of 2,4-D to hamsters resulted in the grcduc-
tion of some terata (Collins and Williams, 1971). Studies with rats report-
ed that oral administration of the parent compound or its iscoctyl and butyl
estars, and butoxy ethanol and dimethylamine salts, oroduced teratogenic ef=-
facts (Khera and Mckinley, 1972). However, Schwstz, et al. (1571) were un-

3

able to show teratogenic effects in rats following the oral administration

ooylene glvecol butyl ether esters.
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of 2,4-D or 1ts iscocviol cr
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to oregnant mics have teen rsporiad (Caujolle, et al. 1537; 2sge, et
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ed af:ier oral acdministiration oF maximaily toisrated doses (3chweiz, 2t ax.
1971; Khera and McKinely, 1572).

Results of a thrse-generation study of rats fed 2,4-0 indicate
that at dietary levels up to 500 pom, no reproductive effects are produced;
at levels of 1,500 ppm, a decrease in survival and body weights of weanlings
was observed (Hansen, =t al. 1971). B8jorklund and E€rne (1565) reported no

adverse reproductive effects in rats fed 1,000 mg/l 2,4-D in drinking water.
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E. Chronic Toxicity

Animal studies with prolonged oral administrationm of 2,4-D or its
amine salt have indicated renal and hepatic effects (8jorklund ang Erne,
1971; B8jorn and Northen, 1948); the chemical purity of the material adminis-
tared is not «nmcwn. A feeding study in rats has reportacd histcpatholcgical
liver changes at dietary levels of 2,4-D equivalent to 350 mg/kg (Dow Chem-
ical, 1962).

V. AQUATIC TOXICITY
A. Acute Toxicity .

The National Research Council of Canada (1978) has teviewed the
toxic effects of 2,4-D to fish. For the bluegill sunfish (Leccomis
macrechirus), 2,4-0 acid and 2,4-D dimethyl amine produced toxic =ffacts at
concentrations greater than 100,000 pg/l. At 2,4-0 concentrations of 50,000
ug/1 or less, no inmcreased mortalities wers reportec except in pink saimon.
The iscpreoyl, butyl, efhvl, butoxy ethzrol, and PCEE esisrs orecuced
48-hour LCSO values of 950G, 1,300, 1,400, 2,100, ang frem 1,000 to 2,1C0
ug/l, rtespectively.

For other fish species, the results follow a similar trend in that

V)]

the esters tend to te more toxic than other formulations. Meeshan, et zl.

-1
L]

y

and fingerlings (Oncorhycus Kitutch), chum salmen fry (8. keta), pink salmon

fry (Q. gorbuscha), sockeye salmon smolts (8. nerka), Oclly Vvarden

(Salvelinus malma), and rainbow trout (Salmo gairdrmeri). The butyl estar

was the most toxic ester tested, with concentratigns of 1,000 pg/l or
greater producing nearly 1CO percent mortalities in all sgecies tested. The

PGBE ester was similar in toxicity to the tutyl ester. Rainmbow trout #ere

reported to have shown a 48-hour LCSO value of 1,100 Lg/l on exposure to

b
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the PGBE ester of 2,4-D. Harlequin fish (Rasbora heteromorpha) showed a

48-hour LCSO value of 1,000 ng/l on exposure to the butoxyethyl ester of
2,4-D (National Research Council of Canada 1978). Rehwoldt, et al. (1977)

have observed $é-hour LC50 values of 26,700; 40,000; 70,100; 70,700;

94,600; 96,500; and 300,600 ug/l for banded killifish (Fundulus diaphanus),

white perch (Roccus americanus), stripped bass (Morone sazatilis), guppies

(Libistes reticulatus), oumpkinseed sunfish (Lepemis gibbosus), carp

(Cyorinus carpin), and American eel (@8ncuilla rostrata), respectively,

Y

exposed to commercial technical grade 2,4-D.

Sanders (1970) conducted a comparative study on the toxicities of

-t
~1)

various formuizticns of 2,4-0 for six species of frzshwater crustaceans.
The PGBE ester was generally most toxic, while the dimethylamine salt was

least toxic. The crayfish (Orconectes nails) was the most resistant species

tested, with &43-nour static LC., valuss greater than 100,000 wg/l for all

formulations tsstec, The waterflsa  (Zaphniz  =zgcn2) and  sesd  shrimp

IR St

{Cyoridopsis vidua) were most sensitive to the rFGac ester, with 4d-nour

LC:g vailues of 120 and 320 pg/l, respectively. Scuds (Gammarus
fasciztus), scwbugs (Ascellus brevicaucus), and freshwater grass shrimp

(Palaemonetes kadiakensis) were alsc moderately sensitive, with 48-hour

LCsy values ranging from 2,200 to 2,700 wg/l. Sanders and Cope (1968)
reported & 96-hour LCy value of 1,500 pg/)l for stomefly naiads

(Ptergnarcy californica) exposed to the butoxyethanol ester of 2,4-0. Tech-

nical grade 2,4-D produced a 96-hour LCSO value of 14,000 pg/l. Robertson
and aUnting (1975) reportEd @6-hcur LCSO values r;nging from 5,320 to

11,570 ug/l for copepods (Cyclops vernalis) nauplli exposed to 2,4-D as free

acld. The range of 96-hour LC.; values for nauplli exposed to 2,4-D alko-

nolamine salt was 120,000 to 167,000 pg/l.

SNl By
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Among marine invertzsbrates, those of commercial significance have
been examined for toxic effects on exposure to 2,4-D formulations. Butler
(1965) determined the 96-hour median effective concentration based on shell
grewth for oysfers as 140 pg/l for the PGBE ester of 2,4-D. The 2,4-0 acic
had no detectable effect at exposuras of 2,000 pg/l for 96-hours. Butler

(1963) observed paralysis of brown shrimp (Penaeus aztecus) exposed to 2,4-0

acid at a cdncentration of 2,000 wg/l for 48-hours. Sudak and Claff (1960)

found a 96-hour LC.y value of 5,000,000 wg/l for fiddler crabs (Uca
pugmax) exposed to 2,4-0. )

McKee and Wolf (1963) have reviewed the toxic effects of 2,4-D to

g5
O

aguatic ecrganisms. Toxic corcentrations as leow 2s 1,CCC ug/Ll procduces =2

percent mertality for fingerling bluegills exgosed to 2,4-0 butyl ester. In

~t

general, esters of 2,4-D were repcried to b2 more toxic than sccium salts o
2,40,
2. Chronic Texicity

Rerwoldt, et al. (1970) exposed several species of tish to 1CO
Lg/l 2,4-0 for ten months and cbserved no overt effscts to any tastad
speclas. The percent reguction of orain acetylcolinesterase ranged from 16
percent in white perch to 35 cercent in American ee=ls. In breeding experi-
ments with guopies, a 100 pg/l concentration of 2,4-0 had no significant ef-
fect on the reproductive process of the species under experimental conci-
tions. Cope, et al. (1970) examined the chronic eoffects of PGEE ester of
2,4-0 to bluegill sunfish., Fish were exposed to the herbicide in one-eighth
acre pcncs ceontaining imitial concentraticns of up to:lO,CCG Mg/l. Altara-
tions in spawning activity, and the occurrence of pathological lesiong of

the liver, brain, and vascular system were reportec for a period of up to 84

s
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days. Mount and Stephan (1967) exposed l-inch fathead minncws (Pimeshales
promelas) to a continuous series of concentrations of the butoxyethanol
ester of 2,4-D ranging from 10 to 310 pg/l for a 10-month period. No deaths
of deleterious effects, including abnormal spawning activity and reduced
survival of eggs from exgosed fish, were cbserved.

In static-renewal tests, Sigmon (1979) reported that the percent
pupatibh aﬁd the percent emergenée of Chironomus larvae were significantly
reduced by exposure to 1,00C or 3,000 ug/l 1,4-D (acid equivalent in Weedone
Lv~4 formulation).

C. Plant gffects

The genera Microcvstis, Scanedessmus, Chlorella, and Nitzschia

shcwed no toxic rssgonse when exgosed to 2,0C0 g/l 2,4-0 Lawrsrce (1952).

Poorman (1973) treated cultures of Eualena gracilis with concentrations of

30,000 pg/l 2,4-2 for 24 hours and cbserved gecressec  growih  rates.

vzlertine and ESingram (1974) cemonstratec that at 1C0,000 pg/l, 2,2-D ree
cdugced the cell numcars of Scenedesmus ts crhe gercent of control isvels,
Chlamvcomcnas o 48 nercent of control lsvels, Chicrzlia to &8 percant of

control levels, and Edglena to 90 percent of control levels within 4 to 12

davs. The bluegrezen algze (Nostcc muscorum) displaved & é8-cercent raduc-

Elam o mmeE mam e mmamm Ea TN ' /1 ~ ; - mrm et~ 127
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Singh (1974) exnosed Cylindrospermum tc 2,24-0 sodium salt at concentrations

ranging from 100,000 to 1,200,000 pg/l and reported that concentrations
above 800,000 pug/l caused growth to cease completely. McKee and Wolf (1963)
reviewed the effectiveness of 2,4-D in control of emergent aquatic plants
and reperted thst concentrations ranging from 6,000 to 100,000 ug/l have

been effective in controlling a number of species.
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0. Resicue
Cope, et al. (1970) examined residues of the PGRE estesr of 2,4-D

in the freshwater vascular plant, Potamogeten ncdosus, in a one-a2ighth acre

pond treated with single 100 to 10,000 umg/l applications of the chemical. A
gradual depaletion aof the herbicicde to insignificant levels was-demonstrated
within three months.

Schultz and Gangstad (1976) rteported that the flesh of fish ex-
oosed to 2,4-0 dimethyl sodium salt in ponds treated with from 2.24 to 8.96
kg (as an acid equivalent) of the chemical did not attain the 100 wg/l level
realized in the water two weeks after application.

The National Research Ccuncil of Canada (NRCC) (15978) has reviewed
the biocomcantraticn data and associatad residues ¢f 2,4-D in a number of
studies. NRCC indicated that a relatively short half-life of less than two
days is found for fish amgd oyster. At water concentraticns of 1C0 to 2C0
ua/l, the oiccomcentration of 2,4-0 various acuatic invertebrates was one to
two orders cf magnitude greater than Kin the watsr, Oystars (Crassostica
virainica) werz rspofted to have a Dioconcantration factor of 130 whan ex-
aosed to the butoxyethangl ester of 2,4-0. The freshwatsr oluegill and mos-

cuito fish (Cambusiz affinis) had bioconcsntration facters ranging frem 7 to

55, respactive to water concentrations. Ffish fed a diet centaining 2,4-0
bicconcentrated the 2,4-D acid by less than 0.2.
VI. EXISTING GUIDELINES
A.  Human
The acceptable daily intake of 2,4-0 for humans has been estab-
lished at 0.3 mg/kg (FAQ, 1969).
8. Aquatic

Pertinent data were not found in the available literature.
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and environmental hazards from exposure to the subject chemi-
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1,2-DICHLOROPROPANE

Summary
The maior environmental source of dichloropropane is from the use of a3
mixture of dichlorcpropanes and dichloropropenes as 2 soil fumigant. On
chronic exposure of rats to dichloroproparnes the only observed effect was a
lack of nmormal weight gain. There 1is no evidence that dichloropropares ars
carcinogens or teratogens. Dichloropropanes have groduced mutations in Sac-
teria and caused chromosomal aberrations in rats. -

Aquatic toxicity tests of 1,2-dichloropropane are limited to four acute

investigations. Two observed Sé-hour LC., values for the bluegill are
280,000 and 320,000 pg/l ang the 48-hour LCSO valye for Daphnia magna is
52,560 png/i. A saltwater fish has a reported 9é-hour LCSO valug of

243,000 Lg/l.
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1,2-DICHLOROPRCPANE

"I. INTRODUCTION

This profile is based on the.nmbignt Water Quality Criteria Document
for Dichloropropanes/Dichloropropenes (U.S. EPA, 1979).

1,2-Dichloropropane (1,2-F0C, molecular weight 112.55) is a liquid at
environmental temperaturesT .This iscmer of dichloropropane has a ooiling
point of 96.4°C, a density of 1.156 g/ml, a vapor‘pressure of 40 mm Hg at
19.4%C and a water solubility of 270 mg/lC0 st 20% (u.s. EPA, 1979%).
Mixtures of 1,2-dichloropropane and cis-trans-l,3-dichloropropene are used
as soil fqmigants. For the gurposes of discussion in this hazard profile
document, diéhloropropane refers to the 1,2-dichlorcpropane iscomer. When
heated to decomposition temperaturss, 1l,2-dichlorcpropane emits hignly toxic
fumes of phosgene (Sax, 1975).
II. EXPOSUFE

4, ater

Dichloroorogane can entar the aacuatic environment as discharges

from industrial and menufacturing orocesses, zs run-off from agriculzural
land, and from municipal =ffluents. This compound was identified hut not
guantified in New Orlaams drinmking watar (Dowty, et al. 1975).

8. Food

Information was not found. concerning the concentration of dichloro-

propane in commerical foodstuffs; therefore, the amount of this compound in-
gested by humans through food is not known. The U.S. EPA (1979) has esti-
mated the biocconcentration factor (BCF) of dichloropropane to be 20. This
estimate is based on the octanol/water partition coefficients of dichloro-
propane. The weighted average B8CF for edible portions of all aquatic’organ-

isms consumed by Americans is calculated to be 5.8.



C. Inhalation
Atmospneric levels of dichloropropane have not been positively
determinedi However, it is known that 5-10 percent of the dichloropropane
which is zpolied to the seil as 2 fumigant is released tc thz air (Thomas
and McKeury, 1973).
I1I. PHARMACOKINETICS
A. Absorption, Distribution and Metabolism

Pertinent data could nrot be located in available literature

Q)
.

searches regarding the absorption of dichloropropane.

B. Excretion

3~

. ; .
Pertinmenf data couid not be leocated in aveils

searches regarcing excretion of dichloropropare. In the rat, approximately

50 percent of an orally acministered dose of dichloropropane was eliminated

. o~ -

in the urina In 2% hours (metson, et al. 12715,

V. STTEneTs
IV, ol ol U B

A. Caricinogenicity
Cnly one study is reported on the carcinogenicity of dichloro-

propane. Hecpel, et al. (1948) repeatadly exposed mice (37 exposurs

Y

ceriods) to 1.76 mg dichloropropane per liter of air. Of the 80 mice, only

three survived the axposure and subsequent cbservaticn

O

peripd; nowever, the
three survivors had multiple hepatomas at the terminmation of the experiment
(13 months of age). DOue to the high mortality, an evaluation based on  this
study cannot be made.
B. Mutagenicity
DeLorenzo, et al. (1977) and Bigrnami, et al. (1977) _ showed

dichloropropane to be mutagenic in S. typhimurium strains TA 1535 and TA

100. Dichloropropane has also been shown to cause mutations in A. nidulans
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(Bignami, et al. (1977), and to cause chromosomal aberrations in rat bone
marrow (Oragusanu and Goldstein, 1975).
C. Teratogenicity
Partinent informaticn cculd not be locatsd in available literaturs
searches regarding teratogenicity.
0. OGther Reproductive Effects
Pertirment information could not be located regarding other repro-
ductive effects.
E. Chronic Toxicity
Pertinent information could not be located in available literature
searches regarding chrenic toxicity studies of dichloropropare axposurz in
humans. In one study by Heppel, et al. (1548) rats, guinea pigs, and dogs
were exposed to 400 ppm of dichloropropane for 128 to 140 daily seven hour
gerioa (given five gays per weekj. Tne only effect observed was a decreasad
weight in rats.
V. AGUATIC TOXICITY
A. Acute Toxicity

Two observed 96é-hour LC5O values for the bluegill, Leocmis

macrochirus, upon exposurs to 1l,2-dichlorooropane were 280,000.and 32C,G000
pg/l (Dawsecn, et al. 1977; U.S. EPA, 1978). In the only freshwater inverte-

brate study reported, the 48-hour LCSO for Oaphnia magna is 52,500 wg/1

(U.S. EPA, 1979). Tidewater silverside, (Menidia bewvvllina), has an

observed 96- hour LCgq of 240,000 g/l (Dawson, et al. 1977).
B. Chronic Toxicity
Chronic data are not available for any saltwater or fr§§hwater

species.
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C. Plant Effects
The phytotoxicity of 1,2-dichloropropane has not been investigated.
0. Residues
NS information available.
VI. EXISTING CUIDELINES AND STANDARDS
Neither the human health ncr the aquatic criteria derived by the 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 oe
changed. -

A. Human

)
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O

The TLV for dichloropropame is 75 com (350 mg/m°) (m.

Ind. Hyg., 1977). The draft water criteria for dichloropropane i
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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 informaticon 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 availablie information including all the
adverse health and environmental impacts presented by the
subject chemical. This dJdccument has undergone scrutiny to
ensure its tecnnical agcuracy.
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DICELCROPROPANES/DICHLOROPROPENES
SUMMARY

The major environmental source of dichloropropanes and
dichloropropenes is.frcm the use of these compounds as soil fumi-
gants. Some mild kidney damage has been observed in rats chroni-
cally exposed to l,3-dichlorpropene. Both dichloropropane and
dichloropropene have been shown to be mutgenic in the Ames assay
test. Data are not available to prove conclusively that these
compounds - are chemical carcinogers.

Aquatic toxicity studies suégest that the acute toxicity
of the dichloropropanes. decreases as the distancz between the
chloriné atoms increases. As an example, the reported 96-nour

LCqg values for the bluegill, Lepomis macrochirus, for 1,1-,

1

1,2-, and 1,3-éichlorcpropane ar= 97,300, 280,030, and greater

than 520,030 pg/l, rz=spectivaly. For Dapnnia magna, the corres-

oonding revorted 48-nour LC values z2re 23,000, 32,000, zand

53
282,000 pg/l, respectively. Similar results have been obtainsd
with marine organisms.

The dichloropropenes are considercably more toxic in acute
exposure than the dichloropropanes. For 1l,3-dichlorprcpene,

the 96-hour LC50 value for the bluegill is 6,060 pg/l compared

to 520,000 pg/l for 1l,3-dichloropropane. For Daphnia magna,

the corresponding values are 6,130 and 282,000 pg/l, respectively.
The ECqy. based on chlorophyll a for a freshwater alga, is 4,950
B9/l for 1l,3-dichloropropene, and 48,000 for 1l,3-dichloropropane.
Data on measured residues could not be located in the avaiiable

literature for any saltwater or freshwater species.

S aa-a
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I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria
Document for Dichloropropanes/Dichloropropenes (U.S. EPA, 1979).

Dichioropropanes (molecular weigh: 112.99) and dichloropro-
penes (molecular weight 110.97) are liquids at environmental
temperatures. Their boiling points range from 76 to 120.4%
depending on the compound and the isomer. They are slightly
denser than water, with densities ranging from 1.11 to 1:22.
The principal uses of dichloropropanes and dichloropropenes are
as soil fumigants for control of nematodes, in oil and fat sol-
vents, and in dry cleaning and degreasing processes (Windholz,
1376). When heated to decomposition temperatures, l,2-dichloropro-
pane emits highly toxic fumes of phosgene, while l,3—dichloropro§
pene gives off toxic fumes of chlorides (Sax, 1975). Prccducticn
of Aixtures of dichlorocroranes/dichlcropropenes approachad 60
million pounds per year prior to 1975 (IJ.S. EPA, 1979).
II. EXPOSURE

A. water

Dichlorcpropanes and dicaloropropenes can enter the

aquatic environment in discharges from industrial and manutfactur-
ing processes, as run-off from agricultural land, and from munici-
pal effluents. These compounds have been identified but not
quantified in New Orleans drinking water (Dowty, et al. 1975).

B. Food

Information was not.found in the available literature

concerning the concentrations of dichloropropanes and dichlo}o-
propenes in commercial food stuffs. Therefore, the amount of

these compounds ingested by humans is not known. The U.S. EPA

J4z-
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(1979) has estimated the weighted average bioconcentration fac-
tors (BCFs) of dichloropropanes and dichioropropenes to range
between 2.9 and 5.8 for the edible portions of fish and ;hellfish
consumed b§ Americans. This estimate is based on the octanol/
water partition coefficients of these compounds.

c. Inhalation

Atmospheric levels of dichloropropanes and dichloro-

propenes are not known. However, from information on loss of
these compounds to the air after land application, it was esti-
mated-thaﬁ, in California alone, about 72 tons (8 pércent of
the pesticidé used) were released to the atmosphere in 1371 (Calif.
State Dept. Agric. 1371).
III. PHARMACOKINETICS

A. Absorption, Distriputicn and Metabolism

Partinent infeormaticon regarding tne acsorpticn, dis-

¢

8]

orcorcpanes and dichloropro-

’-‘

tributiscn, and metabolizm of the dich
Fenes could not be locatsd in the available information.

B. Excretion

No numan data are available on the excretion of dichlor-

crropanes or dichloroprcpenes. In the rat, 80 to 90 gercent
of an orally administered dose of dichloropropane or dichloropro-
pene was eliminated by all routes within 24 hours (Hutson, et A
al. 1971). Approximately 50 percent of the administered dose
was eliminated in the urine within 24 hours.-
Iv. EFFECTS

A. Carcinogenicity

Information concerning the carcinogenicity of mixtures

of dichloropropanes and dichloropropenes could not be located

S lam
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in the available literature. However, cis-1l,3-dichloropropane
has produced local sarcomas at the site of repeated subcutaneous
injections (Van Duuren, et al., in press). No remote treatment-
related tﬁmors were observed.
B. Mutagenicity
Mixtures of 1,2-dichloropropane and 1l,3-dichloropro-

pene- are mutagenic to S. typhimurium strains TA 1535 and TA 100,

as are the individual compounds. The mixture, but not the in-
dividual compounds, is also mutagenic to TA 1978 (in the presence
of microsomal activation) indicating a frame~shift mutation not
capable of being prcduced by the individual compounds.
c. Teratogenicity and Other Reproductive Effects
Pertinent information could not be located in the
availabla literature,.
D. Chronic Tsxicity
Innalation exposure of rats, guinea 2igs, and 4d2cs
to 400 ppm of l,2;dichlo£opropane for 128 to 140 daily 7-hour
periods (5 days per week) decreased normal weight gain in rats
(Heppel, et al., 1948). 1Inhalation exposures of rats to 3 ppm
of 1,3-dichlorcpropene, 4 hours a day, fcor 125 to 120 days pro-
duced cloudy swelling in renal tubular epithelium which disap-
peared by 3 months after exposures ended (Torkelson and Oyen,
1977).
V. AQUATIC TOXICITY
A, Acute Toxicity

L[4

Exposures of bluegill, Lepomis macrochirus, to 1,1-,

5

1,2-, and 1,3-dichloropropane under similar cconditions yielded

96-hour LCcy values of 97,900, 280,000, and greater than 520,000

Pt
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mg/l, respectively (U.S. EPA, 1978). These data suggest that
toxicity decreases as the distance between tine éhlo:ine atoms
increasesi A reported 96-hour LC50 for 1,3-dichloropropene is
6,060 pg/l for the bluegill, approximately two orders of magni-
tude lower than for 1,3-dichloropropane (U.S. EPA, 1Y979). Under
static test conditions, reported 48-hour LC50 values for 1,1-,
1,2-, and 1,3-dichloropropanes are 23,000, S2,500 and 282,000
Bg/l, respectively, (U.S. EPA, 1978) for the only freshwater

invertebrate speéies tested, Daphnia magna. The 48-hour LC50

value for 1l,3-dichloropropene and Daphnia magna under static

conditions is 6,150 pg/1l (U.S. EPA, 1378).
The 96-hour Lcso'values for the saltwater sheepshead

minnow, Cyprinodon variegatus, exposed to l,3-dichloropropane

and 1l,3-dichloroprczsene were 36,700 pug/ 1l and 1,770 pg,’L, respec-

zively (U.S. EPA, 1973). ©Dawson, at al. (1277) obtainec a $6-
nour LCgqp £ 240,000 pg/l for the :tidewater 3ilvarsida, Manidia

dseryllina, for exposure to l,2-dichloropropane.

FPor Mvsidopsis bahia, the 96-hour LCqq for i,3-dichloro-~-

propene was one-tnirteenth thac for l,3-dicnloropropane, i.e.,
720 pg/l and 10,300 pg/1, respactively (U.S. EPA, 1978)
B. Chronic Toxicity
Chronic studies are limited to one freshwater study
and one saltwater study. In an embryo-larval test, the chronic

value for fathead minnows, Pimephales promelas, exposed to 1,3~

dichloropropene was 122 upg/l (U.S. EPA, 1978). The chronic value

for mysid shrimp, Mysidopsis bahia, was 3,040 pg/1 for 1l,3-di-

chloropropane in a life cycle study (U.S. EPA, 1978)
A -



c. Plant Effects
For 1l,3-dichloropropene, the 96-hour ECSO values,
based on ghlorophyll a concentrations and cell numbers of the

freshwater alga, Selenastrum capricornutum, were 4,950 pg/l and

4,960 pg/l, respectively. The respective values obtained for
1,3-dichloropropane were 48,000 and 72,200 Fg/l. Thus, the pro-
pene compound is much more toxic than the propane compound, as

is true for the bluegill and Daphnia magna.

D. Residues
Measured steady-state bioconcentration factors (BCF)
are not available for any dichloropropane <r dichloropropene
in any fresh or saltwater species. Based on octanol/water coef-
ficients of dichloropropanes and dichloropropenes, the U.S. EPA;

or these com-

ty

{1979, aas estimated ths bDioconcentration factors
sounds to range between 10 and 35.

-

vI. Cther Pertinent Information

cr

In the non-aquatic environment, movement of 1,2-dichloro-
propane in the soil results from diffusion in the vapor ovhass,

as these compounds tend to establish an equilibrium between the

2
&

l-.J

vapor phase, water and absorbing phases (Leistra, 1570). ,
dichloropropane appears to undergo minimal degradaticn in soil
with the major route of dissipation appearing to be volatiliza-
tion (Roberts and Staydin, 1976). |

Following field application,/movement”of 1,3-dichloropro-
pene in soil results in vapor-phase diffusiqn {Leistra, 1910).
The distribution of 1,3-dichloropropene within soils depends

on soil conditions. For example, cis-1l,3~-dichlorobenzene is

chemically hydrolyzed in moist soils to the corresponding cis-

/5 il
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3-chloroalkyl alcohol, which can be microbially degraded to car-

bon dioxide and water by Pseudomonas sp. (Van Dijk, 1974).

VII. EXISTING GUIDELINES AND STANDARDS

Neiéher 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; therefore, there is a possibility
that these criteria may be changed.

A. Human

The TLV for dichloropropane is 75 ppm (350 mg/m3)

(Am. Conf. Gov. Ind. Byg., 1977). The dratft water criterion
(U.S. EPA, i979) for dichloropropane is 203 pg/i. The drait
water criterion for dichloropropenes is 0.83 Pg/l (J.S. EPA,
1979).

8. Acuatic

The dratft criteria for the dichloroprcsanes and di-

chloropropenas to protact freshwater aguatic life are as follows
(U.s. EPA, 1979):
Concentration not
to be exceeded
Compound 2i-Hour Averace at anv time
1,1l-dichloroprogane 410 pg/l 930 ug/1
l,2~dichloropropane | 920 Pg/l 2,100 ng/1
1,3~dichloropropane 4,800 pg/l 11,000 pg/Ll
l,3-dichloropropene 18 ng/l 250 pg/1

The draft criteria to protect saltwater species are as follows

»

(Uu.s. EPA, 1979):



Compound

1,1-dichloropropane
1,2-dichloropropane
1,3-dichloropropane

l,3-dichloropropene

24-~Hour Average

not derived
400 pg/1
79 pg/L
5.5 pg/1

7214

Concentration not
to be exceeded
at any time

not derived
910 ug/1
180 pg/1
14 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 revort 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 dccument has undergone scrutiny to
ensure its technical accuracy.
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DICHLOROPROPANCL

Summary

There was‘ nc evidence fcund in the available literature to indicate
that exposure to dichloropropanol produces carcinogenic effects. Conclusive
evidence of mutagenic, teratogenic, or chronic effects of dichloropropanol
was not found in the available literature. Acute exposure results in toxi-
city similar to that induced by carbon tetrachloride, including hepato- and
nephrotoxicity. Data concerning the effects of dicﬁloropropanol to aquatic

“organisms was not found in the available literature.



I. INTRODUCTICN

This profile is based on computerized searches of Toxline, Biosis, and
Chemical Abstracts, and review of other appropriate information sources as
available. Dichleropropanol (meclscular weight 128.9), a colorless, viscous
liquid with a chloroform-like odor, refers to four iscmers with the mole-

cular formula C3H50Clz. The‘.physical properties of each isomer are

given below.

8oiling Point Density Solubility (Weast, 1976)
: Water Alcohol Ether

2,3-Dichloro-l-propancl  1820C 1.368°  slight miscible miscible
1,3-Dichloro-2-propanol 1740C 1.367 very very miscible
3,3-Dichloro-l-propanol 82-839C 1.516 not listed
1,1-Dichioro-2-orcpancl 146-143850 1.3324  slight very very

Additional physical data and synonyms of the above isomers are avail-
able in Heilbron (1%65), Fairchild (157%), Sax (1i979%9), Wincholz (1$76), ana
verscnueren (1577).

Dichioropropancl is prepared rrcm glycerol, acetic acid, and hydrogen
chloride. It is used as a solvent for hard resins and njtrocelluleose, in
the manufacture of photographic and Zapon lacquer, as a cement for cellu-
loid, and as a binder for water colors (wWindholz, 1976). The ccmpound is
censicdered Lo be a moderate firz hazard when expossc to hest, Tliame, or oxi-
dizers, and a disastar hazard in that it may decompose &t high temperatures
to phosgene gas (Sax, 1979).

II. EXPOSURE

Dichloropropanol was detectable in the air of a élycerol manufacturing
plant in the U.S.S.R. (Lipina and Belyakov, 1975). Unreacted dichloropro-
panol was also found in the wasteﬁater effluent of a halohydrin manufactur-
ing plant (Roki and Katsube, 1975). No monitoring data are available to

indicate ambient air or water levels of the compound.
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Human exposure to dichloropropanol from foods cannot be assessed, due
to a lack of monitoring data. |
Bioaccumulation data on dichloropropanol was not found in the available
literature.
ITI. PHARMACOKINETICS
Pertinent data could not be located in the available literature on the
metabolism, distribution, absorption, or excretion of dichloropropanol.
IV. EFFECTS
A. Carcinogenicity
Pertinent data could not be located in the available literature.
8. Mutageﬁicity
2,3-Dichloroproparol and 1,3-dichloroprcpanol were evaluated for
mutagenicity by a modified Ames assay using S. typhimurium strains. Some
evidence of mutagenic activilty was seen, out the authors telt that further
evicence anc clarificztisn o7 the metsbolic activation gsthway to mutagens

via halcalkanéls waTe& recessary (Naxamura, et al. 1575).
C. Teratogenicity, Other Reproductive £ffects and Chronic Toxicity
Pertinent data could not be located in the available literature.
D. Acute Toxicity
’ 2,3-Dichloropropancl was found tc have an oral sy in the rat
of 90 mg/kg. The lowest published lethal concentration (LCLO) in rats is
SO0 ppm by inhalation for 4 hours. A dose of 6,800 ug in the eye of the
rabbit caused severe irfitation (Fairchild, 1979); " 1,3-Dichloropropanol was
found to have an oral LDgy in the rat of 450 mg/kg;and lowest published
lethal concentration for inhalation exposure in rats of 125 ppm/4 hrs. Ten

mg applied to the skin of the rabbit for 24 hours produced mild irritation,

and 800 mg/kg was the LDgy for the same route and species (Fairchild,

1979).
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Several references report the clinical indications of acute di-
chloropropanol intoxication as being similar to carbon tetrachloride poison-
ing, i.e., central nervous depression; hepatotoxicity, including  hepatic
cell necrosis and fatty infiltraticn; and rsnmal toxicity, including fatty
degeneration and necrosis of the renmal tubular epithelium (Sax, 1979; Gos-
selin, et al. 1976).

V. AQUATIC TOXICITY

Data concerning the effects of dichlorcpropanocl to aguatic organisms
were not foynd in the available literature. ' '
VI. EXISTING GUIDELINES AND STANDAROS

A. Human

The maximum allowadle concentration of dichloropropanol in the
working envirorment air in the U.S.S.R. is 5 mg/m® (Lipina and Belyakov,
1873).

The maximum zllowabls ccncantration in Class I waters rfor the cre-
duction of drinking water is 1 mg/l (verschueren, 1$77).

8. Aquatic
The organoleptic limit in water set in the U.S.S.R. (1970) is 1.0

mg/1l (verschueren, 1977).
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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 informaticn iacluding all the
adverse health and environmental impacts presented by the
subject chemical. This doccument has undergone scrutiny to
ensure 1ts technical accuracy.



1, 3-DICHLOROPROPENE

SUMMARY

Tre major environmental source of dichlorcgropanes is From the use of a
mixture of dichloropropenes and dichloropropanes as a sail fumigant. On
chronic exposure of rats to dichloropropene mild kidney damage was observed.
Oichloroproperne has produced subcutaneous tumors at the site of injection,
and has been shown to be mutagenic in bacteria. However, not enough infor-

mation is available to classify this compound as a\cal:cinogen.

The bluegill (Lepomis macrochirus) has a reported $6-hr LC50 value of

8060 ug/l; Caphrnia macna has a reportad 48-hr LCSO of 6150 ug/l. For the

saltwater invertebrate, Mysidoosis pahia, a reported 9é-nr Lc:50 value is
790 pg/l. In the only long-term study available, the value cbtained for

1,3-dicnloropropene toxicity to fathead minnows (Pimephales promeles) in an

embryc-isrval tast is 122 pg/l. Based on chloroghyll a cencentrations and
cell numbers, the 9&-hr ECSO values 7or the fresnwater alga SalznastIum
capricornutum are 4,950 and 4,960 ug/l, respectively; for the marine alga

Skelstonema costatum, the respective values are 1,000 and 1,040 ng/l.
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1, 3-DICHLORGCPROPENE

I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria Document
for Dichlorbpropanes/Dichloropropenes (U.S. EPA, 1979a).

1,3-dichloropropene (molecular weight 110.97) is a liquid at environ-
mental temperatures. The isomers of 1,3-dichloropropene have boiling points
of 104.3°C for the trans-isomer and 112°C for the cis-isomer, and the
densities are 1.217 and 1.224 g/ml, respectively. The water solubility for
the two 1isomers 1is approximately 0.275 percent. When heated tq
decomposition temperatures, 1,3-dichloropropene gives off toxic fumes of
chlorides (SaX, 1975). Mixtures of cis- and trans- 1l,3-dichloropropene and
1,2-gichloropropane are wused as soil f{umigants. in this document,
dichloropropene will refer to either cis- or trans-l,3-dichloropropere. For
morz information regardimg the dichloropropesnss, the reacder is refercad to
the EPA/ECAC razard Profilz on Dichlorspropanes/DichlcTzpropsnss (U.S. EFA,
1975b).
II. EXPOSURE

A. Water

Cichloropropene can enter the aguatic environment in the discharges
from industrial and manufacturing processes, in run-off from agricultural
land, or from municipal effluents. This compound has been identified but
not quantified in New Orleans drinking water (Dowty, et al. 1975).
| 8. Food B
Information was found in the available literature concerning the

concentration of dichloropropene in commercial foodstuffs. Thus, the amount
of this compound ingested by humans is not knmown. The U.S. EPA (l97§a) has
estimated the weighted average bioconcentration factor (8CF) of dichloropro-

pene to be 2.9 for the edible portions of fish and shellfish consumed by



Americans. This estimate is based on the dctanol/water partition coeffi-
cient of dichloropropene.
cC. Inha{ation

Atmospheric levels of dichlcroprcpens have not been measured. row-
ever, it is estimated that about 8 percent of the dichloropropene which is
applied to the soil as a fumigant is released to the atmosphere (U.S. EPA,
197%a).
III. PHARMACOKINETICS

.

A. Absorption .
Data on the absorption, distfibution and metabolism of dichloropro-
oene could not be locate? in the available literature.
Data on the excretion of dichloropropene by humans could not bte
located in the available literature. In the rat, however, approximately €0

sercent of an orally acministered dose of dichioropropene was eliminatad in

the urine within 24 hcurs (Hutson, st al. 1571).

A. Carcinogenicity
Van Ouuren, et al. (1979) investigated the ability of dichloropro-
pene to act as a tumor initiator or promoter in mouse skin, or to cause
tumors after subcutaneous injection. DOichloropropene showed no initiation
or promotion activity, and only local sarcomas developed in mice following
subcutaneous administration. In none of the studies were treatment-related
remote tumors observed.
B. Mutagenicity
DeLorenzo, et al. (1977) and Neudecker, et al. (1977) reported that
dichloropropene was mutagenic in S. typhimuriym strains TA1535 and TALOO but

not in TAl1278, TAl537, or TA98. Results did not differ with or without the
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addition of liver microsomal fraction. Neudecker, et al. (1977) found the
cis-isomer to be twice as reaﬁtive as the trans-isomer.
C. Teratogenicity and Other Reproductive Effects
No pertinent informaticn regarding the teratogenicity and other
reproductivé effects could not be located in the avéilable literature.
D. Chronic Toxicity |
On exposure of rats to 3 ppm dichloropropene for period of 0.5, 1,
2 or 4 hours/day, S5 days a week for 6 months (Torkelson and Oyen, 1977), or
rats, guinea pigs, and rabbits to 1 or 3 ppm of dithloropropene, 7 hours per
day for 125-130 days over a 180-day period, only rats exposed 4 hours/day at
3.0 ppm showed an effect (U.S. EPA, 1979a3). The only effect observed was a
cloudy swelling of the remal tuoular epithelium which disappeared by 3
months after exposures ended.
V. AQUATIC TOXICITY
A. Acute Toxicity

Tests nn the bluegill, Leocomis macrochirus, yislded a 56-nr LCSO'

e o PO

value of 6060 pg/l for 1,3-dichloroprcpene exposure. For Daphnia magna, the

48-hr LC;y value is 6,150 wg/l (U.S. EPA, 1978). The obsarved 96-nr

LC for the saltwater myrid shrimp, Mvsidopsis bpania, is 790 ug/l (U.S.

50
EPA, 1978).

B. Chronic Toxicity
An embryo-~larval test has been conducted with the fathead minnow

(Pimephales promeles) and 1,3-dichloropropene. The. observed chronic value

was 122 ug/l (U.S. EPA, 1979a). ‘
C. Plant Effects

Based on chlorophyll a concentrations and cell numbers, the S6-hr

ECSO values for the freshwater alga, Selenestrum caporicornutum, are 4,950

po—e
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and 4,960 ug/l, respectively (U.S. EPA, 1978). The respective values for

the saltwater alga Skeletonema costatum wers 1,000 and 1,040 ug/l (U.S. EPA,

1978).
0. Residues
Measured steady-state bibconcentration factors (8CF) are not avail-
able for 1l,3-dichloropropene. A BCF of 19 has been estimated based on the
octonol/water coefficient for 1,3-dichloropropene (U.S. EPA, 1979a).
E. Other Relevant Information
Following fleld applic;tion, movement *af 1,3-dichloropropene in
soil results in vapor-phase diffusion (Leistra, 1970). The distribution of
l,3-di:hloropfopene within scils depends on soil ceonditions. For example,
cis-l,E-dichlcrop;cpane is chemically nydrolyzed in moist soils to the cor-
responding cis-3-chloroalkyl alcohol, which can be microbially cegracded to
cachen dioxide and water by Pseudomonas sp.  (Van Biik 1974).
Y1, EXISTING SUIDELINES AND STANDARDS
Neither the human health nor the acuatic criteria derived by !1.S. £PA
(1979a), which are summarized below, have gone through the process of public
review; therefore, there is a possibility that these criteria will be
changed.
A. Human
The draft water criterion for 1,3-dichloropropene is 0.63 ug/l
(U.S. EPA, 197%a).
B. Aquatic
The draft criterion to protect Freshwate;'species is 18 pg/l as a
24-hr average not to exceed 250 ug/l at any time.  For marine species, the
value is 5.57ug/l as a 24-hr average not to exceed 14 ug/l at any timé (U.S.
EPA, 1979).
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SPECIAL NOTATION

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

this compound is carcinogenic.



DIELDRIN
SUMMARY
Dieldrin is a compound belonging to the group of cyclodiene
insecticides. The chronic toxicity of low doses of dieldrin
includes shortened life span, liver changes ana teratogenic eifects.
The induction of hepatocellular carcinoma in mice by dieldrin
leaas to the conclusion that it is IiKély to be a human carcinogen.
Dieldrin has been found to be non~-mutagenic in several test sys-
tems. The WHO's acceptable daily intake ﬁoE dieldrin is 0.0001
mg/kg/day. _
The toxicity of dieldrin to aguatic organisms has been
investigated in aumerous studies. The 39¢6-hour LC50 values for
the common fresnwater fish range from l.l. to 3060 ug/l. The acute
CCXiCliy is considerabliy more varcried for fresawacer invertebrat?s,

ues ranging frem 0.5 ug,/L Lor the stonefly

[

wiﬁh Yp-hour LCSO va
to 740 ug/l fog the craycfisn., Acucte LC50 values for eight salt-
water fish species range from 0.66 to 24.0 pg/l in Elow-through
tests; LCSO values for estuarine invertebrates range from 0.70
to ¢40 ng/l. The only reported chronic values are 0.1l ug/1

for steel head trout (Salmo guirdnes) in an embryolarval stuady

and 0.4 pg/l for the guppy (Poecilia reticulata) in a life-cycle

test. Both fresh and salt water algae are less sensitive to
dieldrin toxicity than the corresponding fish and inverteprates.
Bioconcentration factors were 128 for a fresnwater alga, 1395

for Daphnia magna, 2993 for the channel catfish, ana 8000 for

the edible tissues of the Eastern oyster.
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DIZLDRIN

I. INTRODUCTION

This profile is based on the draft Ambient Water Quality
Criteria Document for Aldrin and Dieldrin (U.S. EPA, 1979).
Dieldrin is a white crystalline substance with a melting point
of 176-177°C and is soluble in organic sblventS‘(U.S. EPA, 1979).
The chemical name for dieldrin is 1,2,3,4,10,10-hexachlor-6,7-
epoxy-1,4,4a,5,6,7,8,8a-octohydro-endo, exo-1,4:5,3-dimethanonaph-
thalene. N

Dieldrin is extremely stable and persistant in the environ-
ment. ts persistance is due to its extremely low wolatility
(1.78 x 1077 mm Hg at 20°C) and low solubility in water (136
Bg/1l at 25-29°¢). fhe time required for 95 percent of the dieldrin
to disappear from soil has been astimated kc warv from 5 to 232

vears devending on the microbial £lera 2I the s

il (Zéwards,

[¢]

[}
n
3
[»)
1T
[#])
]
]

1366). Patil, et al. (1972) revported that dieldrin w

gracdeé or metabolized in sea water or polluted water.
Dieldrin was primarily used as a broad spectrum insecticide

until 1974, when the U.S. ZPA restricted its use to tarmite cca-

irect scil injection, ana non-food seed and plant tr=at-

.

ment (U.S. EPA, 1979). From 1966 to 1970, the amount of dieldrin
used in the United States decreased from 500 to approximately
335,000 tons (U.S. EPA, 1979). This decrease in use has been
attributed primarily to increased insect reg}stance to dieldrin
and to development of substitute materials. Although the produc-
tion of dieldrin is restricted in the United States, Eormuiﬁted

products containing dieldrin are imported from Europe (U.S.

EPA, L1979).
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II. EXPOSURE
a. Water

Dieldrin has been applied to vast areas of agricul-
tural 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. Dieldrin has been measured 1in
many freshwaters of the United States, with mean concentrations
ranging from 5 to 395 ng/l in surface water and from 1 to 7 ng/l
in drinking water (Epstein, 1976). Levels as high as 50 ng/1
have been found in drinking water (Harris, et al. 1977). The
half-1ife of dieldrin in water,.l meter in depth, has been esti-

~
il

ted to e 7Z3 days ({isacXay and Wolkoff, 1973).

[¢H]

B. Food
Dizldrin i3 one of the mos:t stzble z2nd persistant

or

uy

ancchlorine pesticidss (Nash and %Woolson, 1%67), and becauss

it is lipophilic, it accumulates in the food chain (Wurster,

—

971). Its persistance in so0il varies with the type of soil.
(Matsumura and Boush, 1967).

The U.S. ZPA (1971) estimated that 99.5 percent of
all numan beings have dieldrin residues in their tissue. These
residues are primarily due to contamination of foods of animal
origin. The overall concentration of dieldrin in the diet in
the United States has been calculated to be approximately 43
ng/qg of food consumed (Epstein, 1976). The U.S. EPA has estimated
the weighted average bioconcentration factor for dieldrin to

be 4,500 in the edible portion of fish and shellfish consumed

by Americans (U.S. EPA, 1979). This estimate is based on measured

4
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steady-state bioconcentration studies in several species of fish
and shellfish.
c. Inhalation
Dieldrin enters the air through various mechanisms,
such as sporaying, wind action, water evaporation, and adhesion
to particulates. The U.S. EPA detected dieldrin in more than
85 percent of the air samples tested Dbetween 1970-1972, with
the mean 1levels ranging from 1 to 2.8 ng/m3 (Epstein, 1976).
From these levels, the average daily intake of dieldrin by respi-
ration was calculated to be 0.035 to 0.098 pg.
Although dieldrin is no 1longer used in the United
States, there is still the gossibiliity of airborne contamination
Lrom other parts of the world.
o. Cermal
Jermal .exposure to dieldrin is limited o those in-
voived 1n 1&s manufacture or 2anplication as a pesticide. Wolfs,
2t 21, (L972) rapeortcad that expcsure in workers was mainly thrcugn
dermal absorption cather than inhalation. The ban on the manufac-
ture of dieldrin in the United 3States has greatly reduced tha

~
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III. PHARMACOKINETICS
A. Absorption
The absorption of dieldrin by the upper gastrointes-
tinal tract begins almost immediately after oral administration
in zats and has been found to vary with the amount of solvent
used (death and Vandekar, 19684). These authors also demonstrated

that absorption takes place via the portal vein, and that dieldrin

7
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could be recovered from the stomach, small intestine, large intes-
tine and feces one hour after oral administratiocn.
B. Distribution

The distribution of dieldrin has been studied in numer-
ous feedling experiments. Dieldrin nas an affinitv for fat, but
high concentrations are also reported in the liver and kicney,
with moderate concentrations in the brain one and two hours after
administration in rats (Heath and Vandekar, 1964). Deichman,
et al. (1968) fed dieldrin to rats for a* period of 183 days.
The mean concentration in the fat was 474 times that in the blood,
while the concentration in_the liver was approximatelv 29 times

lcod concentration.

o

the

Additional animal studies on the distribution of disl-
drin have shown that concentrztions in tissues ars dcse rzlzaizd
and éay vary with the sax cf the animal ({(Waliwrsr, et al. 1332).
Matthews, et al. {1971) found that female rats adminicter=4 crzl

doses of qQieldrin had higher tissue levels of the compound than

male rats. The females stored the compound predominatly as disl-
drin. In males, other metabolites, identified &3 keto-dieldrin

trans-nvdro-aldrin and a polar metabolite, were detected.

The concentrations of dieldrin in human body fat were
found to be 0.15 # 0.02 pg/g for the general population and 0.36
Pg/g in one individual exposed to aldrin (aldrin is metabolized
to dieldrin) (Dale and Quinby, 1963). The mean concentrations
of dieldrin 1in the fat, urine, and plasma of pesticide workers
were 5.67, 0.242 and 0.0185 mg/g, respectively (Hayes and Cugley,

1968) . Correlations between. the dose and length of exposure

to dieldrin and the concentration of dieldrin in &the blood and

.
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other tissues have been reported (Hunter, et al. 1969). Dieldrin
residues in the blood plasma of workers averaged agproximately
four times higher than that in the erythrocytes (Mick, et al.
1971).
c. Metabolism

The epoxidation of aldrin to dieldrin has been reported
in many organisms, including man (U.S. EPA, 1979). The reaction
is NADPH-dependent, and the enzymes have Dpeen found to be heat
labile (Weng and Terriere, 1965). .

The metabolism of dieldrin has been studiea in several
spacies, 1including mice, rats, raobits, and sheep. Dieldrin

mezakolites have baen id

o =
3

‘entified in the urine and feces 1n thae

form of several compounds more polar than the parent compound

{U.S. EP&, 1579). Bedford and Butscn (1978) summarizzd the four
inown metapolic products of diz2ldrin in rcdsnts as 6,7-trans-

1

raroxy~-dinydro-aldrin (trans-diol) and tri-cvclic dicarker

- - s e -
acicd (Lo

£ whicn are procucts of the transformation c¢f the

(0]

eooxy group), the syn-l2-hydrcocxy-dieldrin (a mono-hydro‘deriva-
tive), and the pentachlorcketcna. Male rats heve =ceen found
ZC metstclize dieldein more rapiciv than remales (U.S. EPA, 1979),
and differences in the metabolism of dieldrin have been found
between species (Baldwin, et al. 1972).

D. Excretion

Dieldrin is excreted mainly in the- feces and, to some

extent, in the urine in the form of several polar metabolites

[{}]

. EPA, 1979). However, rabbits fed l4C-dieldrin over a 21

w)

(G.
week period excreted. 42 percent of the radiocactivity by the end

of 22 weeks, with 2 to 3 times as much excreted in the urine
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as in the feces. Robinson, et al. (1969) found that 99 percent
of the dieldrin fed to rats for 8 weeks was excreted during a
subsequent 90-day observation period. The half-life of dieldrin
in the liver and blood was 1.3 days for the period of rapid elimi-
nation and 10.2 days for a later, slower period. The half-life
of dieldrin in adipose tissue and brain were 10.3 and 3.0 days,
respectively.

The concentration of dieldrin in the urine of the
general human population is 0.8 mg/l for man and 1.3 mg/l for
women as compared to 5.3, 13.8, or 51.4 mg/l for men with low,
medium, or high exposure (Ceuto and Biros, 1367). The half-life
for dieldrin in the bDlood of humans ranges from 141-592 days

wicin a mean of 3903 days (dunter, et al. 1969). Jager (1970)

tionship Detween thie concenktration of dieidrin 1n the 0lood and
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Dieldrin has produced liver tumors in several strains
of mice according to six reports of chronic feeding studies (NCI,
. 1976 (43 FR 2450); pDavis and Fitzhugh, 1962; Davis, 1965; Song
and Harville, 1964; Walker, et al. 1972; Thorpe, and Walker, 1973).
In rats, dieldrin has failed to induce a statistically significant
excess Of tumors at any site in three strains during six chronic

feeding studies (Trezon and Cleveland, 1965; Cleveland, 1966;
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Fitzhugh, et al. 1964; Deichman, et al. 1967; Walker, et al.
1969; Deichmann, et al. 1970).

The only information concerning the carcinogenic poten-
tial of dieldrin in man 1is an occupational study by Verstee
ané Jager (1972). The workers hac been emploved in a plant pro-
ducing aldrin and dieldrin with a mean exposure time of 6.6 years.
An average of 7.4 years had elapsed since the end of exposure.
No permanent adverse effects, including cancer, were observed.

B. Mutagenicity N

Microbial assays concerning the mutagenicity of alédrin

and dieldrin have yielded negative results even wnhen some type

of actiwvation s¥

stem was added (Fahrig, L1873; 3Bidwell, =22 al.

1$75; Marshall, et al. 1976). A host-mediated assay and a domi-

nant letnal «test, aiso vyielded nqpecaztiwve resultz (Zidwell, -2t

-
[

L2
]
s ]

"
-

al. 1573). siajumdar, et al. (1977), however, f£fcund di

[{1]

to De mutagenic in S. typhiphimurium, althocuca these »oositive

N

results were guestioned Decause several differ=nces existed be-

[a}

tween thelr procedures and those recommended (U.S. EPA, 1979).

A dacrease 1n the mitotic 1index was cbserwvss ia vivo

marrow celils and ia vicro witn auman ilung cells

{8

treated with 1 mg/kg and 1 Fg/ml dieldrin, resvectively (Majumdar,
et al. 1976).

D.  Teratogenicity
In 1967, Hathaway, et al. established that *%c-diel-
drin could cross the placenta in rabbits. Dieldrin caused signifi-

cant 1increases in fetal death in hamsters, and increased fetal

anomalias (i.e. open eye, webbed foot, cleft palate, and othners)

e
g2~/



in hamsters and mice when administered. in single oral doses dur-
ing gestation (hamsters 50, 30, 5 mg/kg and mice 25, 13, 2.5
mg/kg) (Ottolenghi, et al. 1974).

However, in subsequent studies no evidences has been

£

(o]

und that dieldrin causes teratogenic eifects in mice and rats
(Chernéff, et al. 1975) or mice (Dix, et al. 1977).
D. Other Reproductive Effects
Deichmann (1972) reported that aldrin and dieldrin
{25 mg/kg/diet) fed to mice for six generations affected ferti-
lity, gestation, viability, lactation, and survival of the young.
Howevar, no changes in welgnt or survival of festuses were £found

-
1

in mice administered disldrin for day o througa li of gestation

[¢7]

at doses alreadv mentioned in this report (Ottolenghi, et al.

-

1574,

E. Chronic Toxicity

cI dieldrin to mice, rats, and dogs include shcortened life span,

increased liver to body weight ratio, wvariocus changes in liver
histology, and the inducticn of a=gatic snzymes (U.S5. EZa, 1979).

F. Ctaer Relevant Information

Since aldrin and dieldrin are metabolized by way of
the mixed function oxidase (MFQO) system and dieldrin has been
found to induce the production of these enzymes, any inducer
or 1inhibitor of the #FQO enzymes should affect the metabolism
0f dieldrin (U.S. EPA, 1979). Dieldrin fed in low doses—prior
to an acute dose of dieldrin alters its metabolism (Baldbin,

et al. 1972). Dieldrin can effect the storage of DDT (U.S. EPA,

¥
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1979) and induce a greater number of tumors in mice when admini-
stered with DDT as compared to DDT alone (Walker, et al. 1372).
v. AQUATIC TOXICITY
A. Acute Toxicity
The acute toxicity of dieldrin nas bpeen investigated
iﬁ numercus studies. Reported 96-hour LC50 values for freshwater

fish are 1.1 to 9.9 Pg/l for rainbow trout, Salmo gairdneri (Katz,

1961; Macek, et al. 1969); 16 to 36 pg/l for fathead minnows,

Pimephales promelas (Henderson, et al. 1959; Tarzwell and Henderson,

1957); andé 8 to 32 pg/l for the bluegill, Lepomis macrochirus

(Benderson, et al. 1359; iacek, et al. 1969; Tarzwell and Henderson,

o3

1957). Freshwatsr invertebrates appear to be more variable in

their sensitivity to acute dieldrin toxicity. The 96-hour LC

[{H

g -~
-
ané <Cocrge

values range from 9.5 upg/l £2r the stone £1l7 (Sander

~~~~~~

/1 for the crayfish (Sandsrs, 1372).

The acute LC values for eight saltwater fish sgecissz

-
-\
cange from C.066 to 24.0 pg/l in flow-through tests (Sutler, 1963;
garnest and Benville, 1972; Korn and Earnest, 197<4; Parrish,
2t al. 1873; Schoettcer, 1870; and Lowe, undatad). L:SO vaiues

- - -

canging fzom 9.7 o 240.0 pg/l have peen reported for estuarian
invertebrates species, with the most sensitive species tested

being the commercially important pink shrimp, Penaeus duorarum

(U.S. EPA, 1378).
B. Chronic Toxicity .
Chronic toxicity has been studied in two species of

freshwater £ish. The chronic wvalue for steelhead trout (Salmo

gairdneri) from an embro-larval study is 0.1l1 B/l (Chadwick

5 il
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and Shumway, 1969). For the guppy, Poecilia reticulata, in a

life-cycle test, the chronic value is 0.4 Fg/l (Roelofs, 1971).
c. Plant Effects
Freshwater plants are less sensitive to dieldrin than
freshwater fish or invertebrates. Fcr example, a concentration
of 100 pg/l caused a 22 percent reduction in the biomass of the

alga Scenedlesmus quadricaudata (Stadnyk and Campbell, 1971),

and 12,800 Pg/l reduced growth by 50 percent in the diatom, Navi-

cula seminulum after 5 days of exposure (€airns, 1968). In a

saltwater plant species growth rate was reduced .at concentrations
of approximately 950 Fg/l (Batterton, et al. 1971).
D. Residues

Biloconcentration facteors (BCF) have been determined

for 9 £freshwat=sr species (U.S5. EPA, 1973). Representative BCT
values are 1Z5 tfor the alga, Scenceasmus obliguus (Reinsr=, 1972,

1395 for Dapinnia magna (Reinert, 1972}, 2385-2993 for the channel

cztfish, Ictalurus punctatus (Shannon, 1977a; 1977b) and 683,263

for the vearling lake trout, Salvelinus namaycush (Reinert, et

al. 1974&). The edible tissue of the Eastern oyster, Crassostrea
virginiza, had & 3CF wvalue of 38000 aftcer 332 days OL exposure
(Parrish, 1974). Spot, Leiostomus xanthurus, had a BCF of 2,300

after 35 days exposure to dieldrin (Parrish, et al. 1973).
VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived
2y U.S. EPA (1979), which are summarized below, have gone through
the process of public review; therefore, there is a possibflity

that these criteria will be changed.

0 e
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A. Human

The current exposure level £for dieldrin set by OSHA
is an air time-weighted average of 250 pg/m3 for skin absorpticn
(37 PR 22139%9). In 1969, the U.S. Public Health Service Advisory
committee recommended that the drinking water standard for diel-
drin be 17 pg/l (Mrak, 1969). The U.N. Food and Agricultural
Organization/World Health Organization's acceptable daily intake.
for dieldrin is 0.0001 mg/kg/day (¥Mrak, 1969).

The carcinocgenicity data of Walker, et al. (1972)
were used to calculate the draft ambient water quality criterion

. . . - . .
for dieldrin of 4.4 x 10 ° ng/l (U.S. EPA, 1979), This level

xe2ps the lifstime cancer risk £or aumans delcw 1070,

B. Aguatic
Tae draf: criterion &2 protect £frashwatsr 1ifa

1

.00 22 a 2:z-hcur awvarage; tae concsnitration should act

O
)
\O

exceed 1.2 ug at any time. To protect salftwater aguacic life,
the draft criterion is 0.0069 ng/l as a 23i-hour avarage; the

concentration should not exceed 0.16 pg/l at any time.
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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.



0,0-DIETHYL DITHICPHOSPCRIC ACID

Summary

There is no available information to indicate that o,o-diethyl dithio-
phosphoric acid produces carcinogenic, mutagenic, teratogenic, or adverse
reproductive effects.

A possible metabolite of the compound, o,0-diethyl dithiophosphoric
acid, did not show mutagenic activity in Drosophila, E. coli, or Saccha-
romyces.

The pesticide phorate, which may release o,oniethyl dithiophosphoric
acid as a metabolite, has shown some teratogenic ef%ects in developing chick
embryos and adverse reproductive effects in mice. -

An zcute value of 47.2 yug/l has oeen repcriad for ralnbow trout axpesed
to a diethyl dithiophosphoric acid analogque, dioxathion. A svrergistic

toxic effect with the latter chemical and malathicn is suggested.
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I. INTRODUCTION

0,0-Diethyl hydrogen dithiophosphate, CAS registry number 298-06-6, al-
so called o,0-diethyl phosphorodithiocic acid or o,o0-diethyl dithiophosphoric
acid, is used primarily as an intermediate in the synthesis of several pest-
icides: azinphcsmethyl, carbcphenothion, dialifor, dioxathion, disulfoton,
ethion, phorate, phosalone and terbufos. It is made from phosphorus penta-
sulfide (SRI, 1976).
II. EXPOSURE

R. Water .

Pertinent data were not found in the available literature; how-
ever, if found in water, its presence would most likely be due to microbial
cf any of the above pesticicdas for which it is a starting cempound.

8, Foced

- el

Pertirent data were nct found in the availacle litasraturs; how-

ol sy

if presant in focd, the cempounc weild prchably coriginata from the

sver,

-same sources discussed above. Organcchosphorus pesticide residues have heen
found in focd (Vettorazzi, 1975).
cC. Inhalation
Pertinent data were not found in the availsble literature:; how-

aver, major exposure could come from fugitive emissions in manufacturing
facilities.
0. Dermal

Pertinent data wers not found in the availablg literature.



III. PHARMACOKINETICS
A. Absorption
Information relating specifically to the absorption of o,o0-diethyl
dithophosphoic acid was not found in the available literature. Acute toxi-
city studies with the pesticides disulfoton zand phorate indicate that these
related organophosophorous compounds -are absorbed following oral or dermal
administration (Gaines, 1969).
B. Distribution
Pertinent data were not found in the avalilable literature. O0Oral
administration of labelled phorate, the S-(ethyl thio)methyl derivative of
0,0-diethyl dithiophosphoric acid, to cows accumulated in liver, kidney,
lung, alimentary tract, and glandular tissues; fat sampies showed very low
residues (Bowman and Casida, 1533).
C. Metabolism
Pertinent data were nct found in the available literature. ietad-

clism studies with disulfoton (3ull, 1963) and zhorate {Zcwman ang Casica,

=

958) indicate that both ccmpounds are converted to diethyl chosphorodithiz-
ate, diethyl phorphorcthicate, and diethyl phosphate.

D. Excretion

Pertinent data wers not found in the available litsrature. Z2ased

on animal studies with related organopnosphorous comocunds, the parent com-
pound and its oxidative metabolites may be expected to eliminated primarily
in the urine (Matsumura, 1975).
Iv. EFFECTS
A. Carcinogenesis

The dioxane s-s diester with o,0-diethyl dithiophosphoric atid,

dioxathion, has been tested for carcinogenicity in mice and rats by

4 R
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long-term feeding. No carcinogenic effects were noted in either species
(NCI, 1978).
8. Mutagenicity
Diethyl phosphorothicate, a possible metabolite of the parent com-
pound, did not show mutagenic activity in Drosophila, E. coli, or Saccha-
romvees (Fahrig, 1974).
C. Teratogenicity
Pertinent data were not found in the available literature. In-
jection of phorate into developing chick embryos has been reported to
produce malformations (Richert and Prahlad, 1972).
D. Other Reproductive Effects
Pertinent data were not found in the available literature. An
oral Tesding study conducted in mice with phorate (C.é6 to 3.0 ppm) indicated

C';’

({1}

- ber-lohnolailoreb Y]
Ts2 ragrecuctive

1)

that the highest level of compeund did procduce scme
=7fzcts (fmerican Cyanamid, 19486). Chronic feeding of mice with tachnical
2icxatnicn at levels cf 450 to 6CC ppm producec scme testiscular atrcony
(MCT, 1978).
g. Chronic Toxicity

Chronic feeding of technical dioxathicn preduced hyperplastic
nodulas In livers of mals mic2.  n,c-Diethyl dit-iochoschoric zcid, like
other organcpnospnates, is expected to produce cholinesterase inhibition
(MRS, 1977).
V. AQUATIC TOXICITY

A. Acute

Pd

Marxing (1977) reports on LCgy value of 47.2 wg/l for rainbow

trout (Salmo qairdneri) exposed to the dithiocdioxane analogue * of

bis(o,0-diethyl dithiophosphoric acid), dioxathion, and an LCSO value of

FTPRE-
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3.44 pg/l when this latter compound is applied in combination with mal-
athion. The synergistic action with malathion suggests that the combination
is more than eight times as toxic as either of the individual chemicals.
8. Chronic, Plant Effects, and Residues.
Pertinent data were not found in the available literature.
VI. EXISTING GUIDELINES
Existing guidelinmes or standards were not found in the available lit-

erature.
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0,0-DIETHYL-S-METHYL PMOSPHORODITHIOATE

Summary

There is no available information on the possible carcinogenic, muta-
genic, teratogenic or adverse reprecductive effects of o,0-diethyl-S-methyl
phosphorodithicate. Pesticides containing the o,0-diethyl phosphoro-
dithioate moiety did not show carcinogenic effects in rodents (dioxathion)
or teratogenic effects in chick embryos (phorate). The possible metabolite

of this compound, o,0-diethyl phosphorothiocate, did not show mutagenic

activity in Drosophila, E. coli, or Saccharomyces. o0,0-0iethyl-S-methyl
phosphorodithicate, 1like other organoghosphate compounds, is expected to
oroduce chelinesterase inhibition in humans.

There is no available data on the aguatic toxicity of this compound.
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0,0-DIETHYL-S-VETHYL PHOSPHORODITHIOATE
I. INTRODUCTICN
0,0-Diethyl-S-methyl phosphorodithicate (CAS registry number 3288-58-2)
is described in German ostents 1,768,141 (CA 77:15146ls) and 1,233,390 (CA
66:115324p). - The latter states the compouna has "partly insecticidal,
a;aricidal and fungicidal activity" and is useful as an intermediate for

organic synthesis. It has the following physical and chemical properties:

Formula: C5H13
Malecular Weight: 200

Boiling Point: 1CCo¢ to 1020C (4 torr)
(CA 55:8335h)

Density: _ 1.192420
(CA 55:8333h)

Pertinent data were not found in the available literature with respect

to oroducticn, consumotion or the current use of this caomcound.

—-ily -

II. EXPOSURE
Pertinent data were not found in the available literature.
III. PHARMACTKINETICS
A. Absorption
Information relating soecifically to the absorption of 2,0-di-
ethyl-S-methyl phosphcrodithicate was not found in the available liter-
ature. QCral administration of the S-ethylthic derivative of this ccmpound,
the insecticide phorate, indicates that this derivative is absorted from the
gastrointestinal tract (Bowman and Casida, 1958).
3. Distribution
Pertinent data were not found in the available litergture.
Studies with 320 radiolabelled phorate in the cow indicated that following

oral administration, residues were found in the liver, kidney, lung,

ki
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alimentary tract, and glandular tissues; fat samples showed very low
residues (Bowman and Casida, 1958).
C. Metabolism
Pertinent data were not found in the available literature. B8ased
on metabeclism studies with various crganophosphates in mammals, o,c-Ciethyl-
S-methyl phosphorodithiocate may be expected to undergo hydrolysis to diethyl
phosphorodithioic acid, diethyl phosphorothioic acid, and diethyl phosphoric
acid (Matsumura, 1975). -
D. Excretion
Pertinent data were not found in the available literature.
Related metabolites (o,0-diethyl phosphorodithioic, phosphorothicic, and

phosphoric acids) have been identified in the urime of rats fed pherate

(Bowman and Casida, 1958).

IV. EFFECTS

m

Carcinegenicity

=]

Pertinent data were not found in the available literature. The
.Eioxane-S-S-diester with o,o-diethyl phosphorodithicate, dicxathion, has
been tested for carcinogenicity in mice and rats by long-term feeding. No
carcinogenic effects were noted in either species (NCI, 1978).

3. Mutaéenicity
Pertinent data were not found in the available literature.

Diethyl phosphorothioate, a possible metabolite of the parent compound, did

not show mutagenic activity in Drosphila, E. coli, or Saccharomyces (Fahrig,

1974).
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C. Teratogenicity
Pertinent data were not found in the available literature. In-
jection of phorate into developing chick embryos has been reported to pro-
duce malformations (Richert and Prahlad, 1972).
0. Other Reproductive Effects
Pertinent data were not found in the available literéture. An
orél feeding study conducted in mice with phorate (0.6 to 3.0 ppm) indicated
that the highest level of compound did produce some adverse reoroductive ef-
fects (American Cyanamid, 1966). Chronic feeding of rats with technical
dioxathion at levels from 430 to 600 ppm produced some testicular atrophy
(NCI, 1978).
£. Chronic Toxicity
Pertinent data were not -fcund in the availaple literature.
Chronic Tescing of tachnical dioxathion produced hyperplastic nocules in the
iivers of mels mice. o,0-Diethvi-S-methyl ocnosonorcaitnicats, i1ika other
organoohosphnates, is 2xpected to nroduce choliinesterase innicition (NAS,
1977).
V.  AGUATIC TOXICITY
Pertinent data wers not found in the available litesrsture.
YI. ZXISTING GUIDELIMNES AND STAMCASCS
Existing guidelines and standards were not found in the available

literature.



0,0-DIETHYL-S-METHYL PHOSPHORODITHIOATE
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DISCLAIMER

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

Diethyl pnthalate has been shown to
.effects in the Ames Salmonella assay.

Teratogenic effects were reportedlﬁq;
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study has also indicated fetal toxicity an
tions after i.p. administration of DEP.

Evidence that diethyl phthalate prc
effects has not been.found.
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D;ETHYL PHTHALATE

I. INTRODUCTION

This profile 1is based on the Ambient Water Quality
Criteria Document for Phthalate Esters (U.S. EPA, 1979a).

Dietnyl phthalate (DEP) is a diester of tne ortho form
of benzene dicarboxylic acid. The compound has a molecular
weight of 222.23, specific gravity of 1.123, boiling point
of 296.1°C, and is insoluble in wéte: (U.S. EPA, 1979a).

DEP is used as a plasticizer for cellulose ester plas-
tics and as a carrier for perfumes.

The 1977 current production of diethyl phthalate was:
3.75 x 10° tons/year (U.S. EPA, 1979a).

Phthalates have been detected in soil, air, and water
samples; in animal and human tissues; and in certain vegsha-

ticn. Bvidence from in vitro studies indicate that certain

pacterial £flora mavy be cavable of metaponlizing ohthalatfes
to the monoester form (Engelhardt, et al. 19795).

II. EXPOSURE

nJ

at

o

alate esters appear in all aresas o¢of the environ-
ment. Environmental release o©of the phthalates may occur
through leaching of plasticizers from plastics, volatiliza-
tion of phthalates from plastics, and the incineraticn of
plastic items. Human exposure to phthalates includes contami-
nated foods and fish, dermal application -in cosmetics, and
parenteral administration by use of plastic blood bags,

tubings, and infusion devices (mainly DEHP release) (U.S.

EPA, 1879%a}.
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Monitoring studies have indicated that most water pathal-
ate concentrations are in the ppm range, or 1-2 pg/l (U.S.
EPA, 1979a). Industrial air monitoring studies have mea-
sured air levels of phthalates from 1.7 to 66 mg/m3 {Milkov,
et ai. 1973). Information on levels of DEP in foods 1is
not available. The'U.S. EPA (1979a) has estimated the weighted
average bioconcentration factor for DEP to be 270 for the
edible portions of fish and shellfish consumed by Americans.
This estimate is based on measured steady-state bioconcen-
tration studies in bluegills.
III. PHARMACOKINETICS

Spvecific information 1s nQt available on the absorp-
tion, metabolism, distribution, or excretion of DEP. The
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a. Carcinogenicity
Pertinent information c¢ould noct be Ilccated in
the availabdble literature.
3. Mutagenicity
Diethyl phthalate has been shown to produce muta-
genic effects in the Ames Salmonella assay (Rubin, =t ail.
1979).
C. Teratogenicity
Administration of DEP to pregnant rats oy 1i.p.
injection has been reported to produce teratogenic effeéts

(Singh, et al. 1972).

A kel
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D. Other Reproductive Effects
Fetal toxicity and increased resorptions were
-produced following 1i.p. injection of pregnant rats with
DEP (Singh, et al. 1972).
E. Chronic Toxicity
A single. clinical report hés been cited by the
U.S. EPA (1979%9a) which correlated leaching of DEP from hemo-
dialysis tubing in several patients with hepatitis. Char-
acterization of all compounds present in the hemodialysis
fluids was not done.
V. AQUATIC TOXICITY
A. Acute Toxicity R

Among agquatic organisms, the bluegill sunfish,

Lepomis macrochirus, nzs Deen shown to be acutely sencsitive

=5 diethvl shthalate; a 96~nour static LC g ©of 98,200 .

ve
~
}-l

is reported (U.S. EPA, 1978}, For the freshwater inverte-

brate, Daphnia magna, a 28-hour static LCSO of 51,100 pg/l

was obtained. Marine organisms proved to be more sensitive,

with the sheepshead minnow, Cyprincdon variegatus, showiling

a 96-hour static LCq of 29,600 pg/l, while the mysid shrimp,

Mysidopsis bahia, showed an 96-hour static LCgy of 7,390

pg/l (U.S. EPA, 1978).
B. Chronic Toxicity
Pertinent information could’ not be located in
the available literature.
C. Plant Effects
Effective concentrations based on chlorophyl a

content and cell number for the freshwater alga, Selena-

\rac
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strum capricornutum, randged £from 85,600 to 90,300 pg/l,

while the marine alga, Skeletonema costatum, was more sensi-

tive, with effective concentrations ranging from 65,500
to 85,000 pg/l.
D. Residues
A bioconcentration of 117 was obtained for the

freshwater invertebrate, Daphnia magna.

VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria de-
rived by U.S. EPA (l979a), which are summarized below, have
gone throuéh the process of review; therefore, there is
a possibility that these criteria will be changed.

A. Human

on "no effect" levels ozserved in chroniz

Q.

B&se

tudies with rats or dogs, the 7.3. ZE:

m
1M

(/]

o))
-

s }
Y0

n

lated an acceprtapble daily intake (ADI) level orf 438 mg/dav

The recommended water quality criterion 1lavel
fcr protection of human pealth is 30 mg/l £or ZEZ  (U.3.
EPA, 1397%a).

B. Aquatic

Data are insufficient to draft criterion £for the

protecticn of either £reshwater or marine organisms (U.S.

EPA, 1l87%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
ansure its technical accuracy.



DIMETHYLNITROSAMINE
SUMMARY

Dimethylnitrosamine produces liver and kidney tumors
in rats. t 1s mutagenic in several assay systems. No
information specifically dealing with the teratogenicity,
chronic toxicity or other standard toxicity tests of dimethyl-
nitrosamine was available for review.

Hepatdcellular carcinoma has been induced in rainbow
trout administered 200 to 800 pg dimethylnitrosamine in

their diet.

s
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DIMETHYLNITROSAMINE

I. INTRODUCTION

This profile is based on the Ambient Water Quality
Criteria Document for Nitrosamines (U.S. EPA, 1979%a).

Specific information on the properties, production,
and use of dimethylnitrosamine was not available. For general
information on dimethylnitrosamine, refer to the ECAO/EPA
Hazard Profile for Nitrosamines (U.S. EPA, 1979%b).

Dimethylnitrosamine can exist for extended periods
of time in the aguatic environment (Tate and Alexander,
1975; Fine, et al., 1%77a).

IZ. ZXPCSTRE

A, Water
Dimethvlnitrosamine has been detacted zt 2 concen-
tratison of 3 to 4 ug/l in wastewatar samples from waste

treatment plants adjacent to., or receiving a2ffluent from,
incustries using nitrosamines or secoadary amines in produc-

tion operations (Fine, =t 3l., 1977b).

ty

3. ced

Dimetnyinitrosamine was founé o oe preseant in

va variety of foods (including smoked, dried or salted fish,
N

.

cheégéﬁ~sflami, frankfurters, and cured meats) in the 1
€0 10 p/kg ﬁ{i:?e and occasionally at levels up to 100 ug/kg

(Montesano anc’\Bartsch, 1976). .
The Uﬁs. EPA (1397%a) has estimated the weighted
average bioconcentration factor for dimethylnitrosamine

for the edible pottions of fish and shellfish consumed by

§L-7



Americans to be 0.06. This estimate is based on the n=-octanol/
water partition coefficient of dimethylnitrosamine.
c. Inhalation

Dimethflnitrosamine has been detected in ambient
air samples collectad near two chemical plants, cne using
the amine as a raw material and the other discharging it
as an unwanted byproduct (Fine, et al., 1977a).

Tobacco smoke contains dimethvlnitrosamine. The
intake of dimethylnitrosamine from smoking 20 cigarettes
per day has been estimated at app:oximgtely 2 pg/day (U.s.
EPA, 1973a). "

IzI. PYARMACOKINETiCS

A. Absorption

'g
in

rtinent datz could not Ze leoca<ed in kh

D
i
<
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B. Distribution

Following intravenous injecticn into rac

m

, dimetnvi-
nizrosamine is rapidly and rather unifermlv distcributed
th:cu§hout “he body (Magee, 1972).

C. Jdecabolilsm and Excrecion

vitro studies have demonstrated that the organs

‘H

in the rat with the major capacity for metabolism ¢f£ dimethyl-
nitrosamine are the liver and kidney (Montesanc and Magee,
1374).. After administration of 14C—labeled--*imethylnitro—
samine to rats or mice, about 60 percent Oi the isotope

. ; R
appears as 14C02 within 12 hours, while 4 '%Cent 1s 2axcretad

V.4 _iy;as”"
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in the urine (Magee, et al., 1976). Dimethylnitrosamine
is excreted in the milk of female rats (Schoental, et al.,
1974).
iv. EFFECTS
A. Carcinogenicity
Chronic feeding of dimethylnitrosamine at doses
of 50 mg/kg induces liver tumors in rats (Magee and Barnes,
1956; Rajewski, et al., 1966). Shorter, more acute expo-
sures to dimethylnitrosamine ranging from 100 to 200 mg/kg
produce kidney tumers in rats and liver tumors in hamsters
(Magee ana Barnes, 1959; Tomatis and Cafis, 1967). A single
unspecified intraperitoneal dose given to newborn mice in-
duced hepatocellular carcinomas (Toth, et al., 1964).
3. Mutagenicity
Dimethvlnitrosamine and diethvlnitrosamine have
been reported to induce forward and reverse mutations in

S. typnimurium, E. coli, Neurospora crassa and other organisms;

gene recombination and conversion in Saccharomyces cerevisiae;

-

"recessive lethal mutation" in Drcsorhila; and chromcsome

aperrations in mammalian cells (Montesano and Bartsch, 1978).
Nitrosamines must be metabolically activated to be mutagenic
in microbial assays (U.S. EPA, 1979a). Negative results
were obtained in the mouse dominant lethal test (U.S. EPA,
1979%a).

cC. Teratogenicity and Other Reproductive Effects

Pertinent information could not be located in

the available literature on the teratogenicity and other

reproductive effects of dimethylnitrosamine.
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D. Chronic Toxicity

Pertinent information could not be located in
the available literatﬁre on the chronic activity of dimethyl-
nitrosamines.

E. Other Relevant Information

Aminocacetonitrile, which inhibits the metabolism
of dimethylnitrosamine, prevented the toxic and carcinogenic
affects of dimethylnitrosamine in rat livers (Magee, et
al., 1976).

Ferric oxide, cigarette smoke, volatile acids,
aldenydes, methyl nitrite, and benzo(a)pyrene have been
suggestad to act in a cocarcinogenic manner witd dimecayl-
nitro-samine (Stenback, et al., 1973; Magee, et al., 1978).
7. AQUATIC TOXICITY

Pertinent informatiocn atocut écute 2né chroniz zguatic

toxicirv was not found in the awvailable literaturs. 2adéition=-

v

llv, nc mention was made in any reports about plant =2f£=2c0%s
or residues.

a straln rainbcw =zrout

r

One study ceported that 3Shas

(Salmo gairdneri), fed dimethvlnitrosamine in their diet

g

for 32 weeks, developed a dose-response incidence of hepato-
cellular carcinoma during a range of exposures from 200

to 800 mg dimethylnitrosamine per kg body weight 32 to 78
weeks after dosihg (Grieco, 1978). .

VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor aquatic criteria derived

ov U.S. EPA (197%a), which are summarized below, have gone

4
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through the process of public review; therefore, there is
a possibility that these criteria may be changed.
A. Human
The U.S. EPA (197%a) has estimatadé that the water
concentrations of dimechylnitrosamine corresponding to iife-
time cancer risks for humans of lO°S, 10-6, or lO'7 are
0.026 pg/l, 0.0026 ng/l, and 0.00026 pg/l, respectively.
B. Aquatic |
Data are insufficient to draft freshwater marine

criteria for dimethylnitrosamine.
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DISCLAIMER

This report represents a survey 9f£ 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 imzacts presented by the
subject chemical, This document has undergone scrutiny to
ensure 1its technical accuracy.
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2, 4-DIMETHYLPHENGL
‘ Summary

2,4-0imethylphencl (2,4-OMP) is an intermediate in a number of indus-
trial and agricultural products. The main route of exposure for humans is
dermal with 2,4-0MP being readily absorbed through the skin.

Little data is available on the mammalian effects of 2,4-OMP. Tests on
mice conclude that the compound may be a promoting agent in carcinogenesis.
2,4=-0MP inhibits vasoconstriction in isolated rat lungs; this ability may
cause adverse health effects in chronically exposed humans.

A reported 96-hour L.C50 value for fathead minnows is 16,750 ug/l;

chronic value using embryo-larval stages of the same species is 1,100 ug/l.

Dacnniz magna has an observed 48-hour LCBO value of 2,120 ug/l. In

limited testing, one aquatic alga ana aduckweed are over 100 times less

-

sensitive than the Dachnia in acute exposures. The biocceoncentration factsor

—

or 2,4~ cimethyiphenol is 130 for the bluegill. rfrom nhair-.ife stuoies,

residues of the cnemical are not a potantial nhazara for aquatic species.



I. INTRODUCTIOV

This profile is based primarily on the Ambient Water Quality Criteria
Document for 2,4-Dimethylpheriol (U.S. EPA, 1579).

2,4-Dimethylphenol (2,4-DMP) is derived from coal and petroleum sources
and cccurs naturally in some plants. 2,4-OMP (CaHlDO) is wusually found
with the five other dimethylphenocl and three methylphenol isomers. It has a
molecular weight of 122.17 and normally exists as a colorless crystalline
solid. 2,4-DMP has a melting point of 27 to 28°C, a boiling point of
210°C (at 760 mm Hg), a vapor pressure of 1 mm Hg at 52.8°C, and a dens-
ity of 0.0965 g/ml at 20°C (U.S. EPA, 1979).

2,4-OMP is a weak acid (pk_-10.6) and is soluble in aikaline solu-

-

tions. It reacily dissolves in organic sclvents and is slightly solukle in
water (Weast, 1976).

2,4-04° 1s a chemical intszmeciate in the manufacturz ¢f a number ¢
industrial anc aéricultural products, including phenolic antioxidants, dis-
infectants, solvents, pharmaceuticals, insecticides,
cizers, ruober chemicals, polyphenylene oxice, wetting agents, and dye-

stuffs. 1t is also found in lubricants, gasolines, and cresylic acid (U.S.

n

EPA, 1979).
Yery 1little information exists on the envircnmental persistence of 2,4-
OMP. Completz biocdegradation of 2,4-0OMP occurs in approximately two months
(U.S. EPA, 1979); however, no environmental conditions were described.
ITI. EXPOSURE
A. Water
U.S. EPA (1979) reported that no specific data are available on the

amounts of 2,4-OMP in drinking water. The concentraticns of 2,4-OMP present

in drinking water vary depending on the amounts present in untreated water

e
x
&7/



and on the efficiency of water treatment systems in removing phenolic com-
pounds. In the U.S., the gross annual discharge of 2,4-0OMP into waters was
estimated to be 100 tons in 1975 (Versar, 1975). Manufacturing was the lar-
gest scurce of the discharge. Leachates from municipal ard imcdustrial
wastes also contain the compound (U.S. EPA, 1979).

Hoak-(l957) detemined that, at 30°C, the odor threshold for 2,4-
OMP was 55.5 ug/l.

8. Food

OMP's occur naturally in tea (Kaiser, 1967), tobacco (Baggett and
Morie, 1973; Spears, 1963), marijuana (Hoffmann, et al. 1975), and a conifer
(Cernostaeva, et al. 1977). There is nc eviderce to suggest that
dimethylphenols occur in many plants wsed for food; however, it may be
assumed that trace amounts are ingested (U.S. EPA, 1979). ;

Tre U.S. ZPA (1979) nas estimated the weighted average biocon-
centraticn factor for 2,4-OMP to be.EaO for trne edible portisns of fish anc
‘shellfish consumed Oy Americans. This estimate 1s 2ased an the measursd
steady-state oioconcentration studies in the bluegill.

C. Inhalation |

2,4-Dimethylphenol has bteen fcund in ccmmercial degreasing agents
(N10SH, 1978), cresol vapors (Corcos, 1935), cigarette smcke condensates
(Baggett and Morie, 1973; Hoffmann and Wynder, 1963; Smith and Sullivan,
1564), marijuana cigarette smoke (Hoffmann, et al. 1975) and vapors from the
combustion and pyrolysis of building materials (Tsuchiya and Sumi, 1975).
Concentrations in smoke condensates from six different brands of American
cigarsttes ranged from 12.7 to 20.8 mg/cigarette without filters and Q.a to

9.1 mg/cigarette with filters (Hoffman and Wynder, 1563).
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There is no evidence in the available literature indicating that
humans are exposed to 2,4-OMP other than as components of complex mixtures.
Adverse health effects have been found in workers exposed tb mixtures con-
taining amcunts of 2,4-0MP; hcwever, the efvects were not attributed to
dimethylphencl exposure per se (NIOSH, 1978).

0. Dermal

Absorption througn the skin is thought to be the primary route of
human exposure to complex mixtures containing 2,4-0OMP (U.S. EPA, 1979).

III. PHARMACOKINETICS
A. Absorption

2,4-0MP is readily absorbed through the skin (U.S. EP#, 1575). Tre
dermal LDSO for molten 2,4-DMP is 1,040 mg/kg in the rtat (Uzhdovini, et_
al. 1974).

8. Distribution

U.S. £2A (197%) found no.pertinent data on the distribution of 2,4-
OMP in humans or animais in the availacie literature. 2,6- or 3,4-0MP given
orally to rats for eight months caused damage to the liver, solesen, kidreys,
and neart (Maazik, 1968).

C. Metabolism

Urinary metabolites, resuiting from oral administration of 850 mg
of 2,4-DMP to rabbits, were primarily ether-soluble acid and ether glucuro-
nide, with lesser amounts af ethereal sulfate, ester glucuronide and free
non-acidic phenol (Bray, et al. 1950). | Similar metabolism of the other
dimethylphenol positional isomers was reported.

0. Excretion \
A study done on rabbits by Bray, et al. (1950) indicates rapid

metabolism and excretion of 2,4-0OMP,

3 :
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IV. EFFECTS
A. Carcinogenicity
Epidemiologic studies of workers exposed to 2,4-OMP were not loca-
ted in the available litzraturs.
In a carcinogenicity bicassay, 26 female Sutter mice were cdermally
exposed to 25 uml of 20 percent 2,4-OMP in benzene twice weeekly for 24
weeks. - Twelve percent of the exposed mice developed carcinomas; however,
benzene was not evaluated by itself in this study (Boutwell and Bosch,
1959). In a related study, Boutwell and Bosch (1959) applied 25 pl of 20
percent Z,A-DMP'in benzene to the skin of female Sutter mice twice a week
for 23 weeks Fcllcwing a2 single acclication of a subcarcincgenic dosz (73
pg) of OMBA. Papillomas or carcinomas developed in 18 percent of the mice,
indicating that 2,4-0MP may be a promoting agent for carcinogenesis.
Fractions of cigarsite smoke condensate containing phenol, methyl-
arengls and 2,4-0MP have tesen sﬁcwn to promote ca-cinogenesis in mcusa skin
5ioassays (Lazar, et al. 1984; 3ack, et al. 1971; Roe, et al. 1553).
8. Mutagenicity, Teratogenicity and Other Renrcductive Effects
Pertinent data could not obe.located in the available literature
regarding mutagenicity, teratogenicity and other reproductive effects.
C. Chronic Toxicity
Pertinent information concerning the chronic effects of 2,4- OMP
was not located in the available literatur=el(U.S. SPA, 1979); however, data
was available cn other positional isomers. Examination of rats treated
orally with 6 mg/kg pf 2,6-dimethylphenol or 14 mg/kg’of 3,4-2imethylphenrcl

for eight months revealed fatty dystrophy and atrophy of the hepatic cells,



hyaline-droplet dystrophy in the kidneys, proliferation of_ mycloid and
reticular cells, atrophy of the lymphoid follicles of the spleen, and paren-
chymatous dystrophy of the heart cells (Maazik, 1968).
D. OQther Relevant Infcrmaticn
Tests on isolated rat lungs indicate that 2,4-DMP may inhibit vaso-
constriction, most likely due to its ability to block ATP (Lunde, et al.
1968). Because of 2,4-DMP's physiological activity, U.S. EPA (1979) reports

that chronic exposure to the compound may cause adverse health effects in

- humans.

V. AQUATIC TOXICITY
Pertinent data could not te locsted in the available literature rs-
garding any saltwater species. -
A. Acute Toxicity
A reported 96~hour LCSO value for " juvenile fathead minnows is
16,750 wug/l (U.S. =PA, 1979). Fcr the freshwatér invertebrate 0Dacnnia
magna, the obssrved 48~hour LCSO is 2,120 ug/l (U.S. SPA, 1579).
8. <Chronic Toxicity
Based on an embryo-larval test with the fathead minnow, Pimeonales
promelas, the derived chronic value is 1,100 pg/l (U.S. EPA, 1978). No
chronic values are availaole for invertebrate species.
C. Plant Effects
Based on chlorosis effects, the reported LC50 for duckweed, Lemna
minor, is 292,800 Lg/l for 2,4-dimethylphenol exposure (Blackman, et al.
1955). ’
D. Residues ,

A bioconcentration factor of 150 was obtained for the bluegill.

The biological half-life in the bluegill is less than one day, indicating



that 2,4-dimethylphenol residues are probably not a potential hazard for
aquatic organisms (U.S. EPA, 1978).
vI. EXISTING GUIDELINES AND STANDARDS |
Stardards have not been premulgatad for 2,4-CMP for any sector of the
environment or workplace.
A. Human
The draft criterion for 2,4-dimethylphenol in water recommended by
the U.S. EPA (1979) 1is 15.5 ug/l based upon the prevention of adverse
effects attributable to the organcleptic properties of 2,4-OMP.
8. Aguatic
For Z,4-dimethvlphencl, the draft criterion to orotect fresnwatar
aquatic life is 38 ug/l as a 24~hour average; the concentration should not

exceed 86 ug/l at any time. No criterion exists for saltwater species (U.S.

o

A, L575).
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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
trom secondary sources and availabls 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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DIMETHYL PHTHALATE
SUMMARY

Dimethyl phthalate has been shown to produce mutagenic
effects in the Ames Salmonella assay.

Administration of dimethyl phthalate to pregnant rats
bv i.p. injection has been reported to produce teratogenic
effects in a single study. Other reproductive effects pro-
duced by dimethyl phthalate included impaired implantation
and parturition in rats following i.p. administration.

Chronic feeding studies in female rats have indicated
an erffect of dimethyl phthnalate on the <«idneys. There 1is
no evidence to indicate that dimethyl phthalate has carcino-
genic effacts.

Among +=he four azcguatic species =xamined, £frashwater
fisa and invertebrates apreared to D2 more sensizive than

their marine counterparts. Acute toxicityvy values at concen-
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trations of 49,500 pg/l were obtained fo
Criterion coulc not be draited oecause of insurfficient daca
concerning the toxic effects of dimethyl phthalates to agquatic

organisms.
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DIMETHYL PHTHALATE

I. INTRODUCTION

This profile is based on the Ambient Water Quality
Criteria Document for Phthalate Esters (U.S. EPA, 1979a).

Dimethyl pnthalate (DMP) 1s a diester of the ortho
form of benzene dicarboxylic acid. The compound has a mole-
cular weight of 194.18, specific gravity of 1.189, boiling
point of 282°C, and a solubility of 0.5 gms in 100 ml of
water (U.S. EPA, 1979a).

DMP is used as a plasticizer for cellulose ester plas-
tics and as an insect repellant.

Current Production: 4.9 x jﬁB tons/year in 1977 (U.3.
EPA, 1979%a).

Phthalat2s have been detacted in soil, air, anc watar
samples; in zanimal and human tissues; and in certain vegaza-

tion. Evidence from in vitro studies indicatasg tha+ sarsain

.bacterial flora may be capable of metabolizing IZMP £o the
monoestar form (Englehardt, et al. 1975).

For additicnal iaformation regarding the pnthalate
escers 1in general, the reader is referred to the ZPA/ECAQ
Hazard Profile on Phthalate Esters (U.S. EPA, 1979b).

II. EXPOSURE

Phthalate esters appear in all areas of the environ-
ment. Environmental release of phalates may occur through
leaching of the compound from plastics, volatilization from
plastics, or the incineration of plastic items. Sourées

of human exposure to phthalates include ccntaminated foods

and £isnh, dermal application, and parenteral administration



by use of plastic blood bags, tubing, and infusion devices
(mainly DEHP release). Relevant factors in the migration
of phthalate esters from packaging materials to food and
beverages are: temperature, surface area contact, lipoidial
nature of the fcod, and length of contact (U.S. EPA, 197%a).

Monitoring studies have indicated that most Qater phtha-
late concentrations are in the ppm range, or 1-2 pg/liter
(U.S. EPA, 1979a). Industrial air monitoring studies have
measured air levels of pnthalates from 1.7 to 66 mg/rn3 (Mil-
kov, et al. 1973). Information on levels of DMP in foods
is not available.

The U.S. ZPA (1979a) has estimacad the weightesd averacge
bioconcentration factor for BMP to be 130 for the edible
portions of fish and shellfish ceonsumed by Americans. This
estimacte is based on the measured steadv-state bioconcen-
tracion studi=s in bluegillé.

ITI. PHARMACORINETICS

Specific information 1is not available on the zbsoro-
tion, distribution, metabolism, <r excreticn cf DiP. The
reader is referred to a general coverage of vhthalate metabo-
lism in the phthalate ester hazard profile (U.S. EPA, 1979Dh).
IV. EFFECTS

A. Carcinogenicity

Pertinent data could not be located in the avail-

o
t—
D

litarature.

fu

B. Mutagenicity .
Dimethyl phthalate has been shown to produce muta-

genic effects in the Ames Salmonella assay (Rubin, et al.
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C. Teratogenicity
Administration of DMP to pregnant rats by 1i.p.
injection has been reported to produce teratogenic effects
(Singn, et al. 1872). Intraperitoneal administration of
CMP to pregnant rats in another study did not result in
teratogenic effects (Peters and Cook, 1973).
D. D. Other Reproductive Effects
Adverse effects by DMP on implantation and parturi-
tion were reported by Peters and Cook (1973) following i.p.
administration of the compound to rats.
E. Chronic Toxicity
Two-year feeding studies wita dietary DMP have
oroduced some kidney effects in female rats and minor growth
affects (Draize, =2t al. 1948).
7. . AQUATIC TOXICITY
A. Acute Toxicity
TwO fresnwatcer species were e2xamined £for acuia

toxicitvy from dimethyl pnthalate exposure. The 48-hour

static LCSO fcr the Cladccsran, Daganie magna, was 33,000
Jaa/l (U.S. EPA, 1378). The 96-nour static LC50 value £or
I4

the bluegill, Lepomis macrochirus, was 49,500 pg/l. For

marine species, 96-nour static LCqy values for the sheeps-

head minnow, Cyprinodon variegatus, and mysid shrimp, Mysid-

opsis bania, were 58,000 and 73,700 pg/l, respectively.

B. Chronic Toxicity

Pertinent information could not be located in

the available literature.



C.. Plant Effects
Effective concentrations based on chlorophyl a
content and cell number for the freshwater algae Selena-

strum capricornutum and the marine algae Skeletonema costa-

tum ranged from 39,800 to 42,700 pg/l and 26,100 to 29,800
Pg/l, respectively.
D. Residues

A bioconcentration factor of 57 was obtained for

the freshwater bluegill, Lepomis macrochirus.

VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived
bv U0.8. EPA (197%a), wnich are summarized below, have gone
through the process oL public review; therefore, tnere 1is
a possibility that these criteria will be changed.

A. Human
leveis opsezvad in chrcnic
feeding studies In rats and dcgs, the U.S. ZPA (197%9a) has
calculated an acceptable daily intake (ADI) level of 730G
mg/dav for DMP.

-~ BNl ~erm ) S mge - .
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protection of human health is 160 mg/liter for DMP (U.S.
EPA, 1979%a).
B. Aguatic
The data base for toxicity of dimethyl phthalate
was insufficient for drafting criterion for either £fresh-

water or marine organisms (U.S. EPA, 197%a).
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DINITROBENZENES

Summary

Due to the lack of -available information, no zssessment of ths -cten-
tial of dinitrobenzenes to produce carcinogenic  effects, mutagenic effects,
teratogenic effects, or adverse reproductive effects can be made.

Dinitrobenzene is the mest potent methemoglobin-forming agent of the
nitroaromatics and rapidly produces cyanosis in expcsed populations.

Fish have been acutely affected by exposure fb non-specified isomers of

dinitrobenzene at concentrations ranging from 2,000 to 12,000 ug/l.



DINITROBENZENE
I. INTRODUCTICN

This profile is based on the Investigation of Selected Potential
Environmental Contaminants: Nitroaromatics (U.S. 2PA, 1976).

Tne dinitrobenzenes exist as the ortho, meta, or para isomers, depend-
ing on the position of the nitro group substitutents. Ortho-dinitrobenzere
(1,2-dinitrobenzene, M.W. 168.1) is a white, crystalline solid with a boil-
irg ooint of 319°C, a melting point. of llBOC, and a specific gravity of
1.57. Meta-dinitrobenzene (1,3-dinitrobenzene) is a yellow, crystalline
solid that melts at 89-90°C, boils at BOO-BOBOC, and has a density of
1.55. Para-dihitrcbenzene 1,4=dinitzcbenzene) is a white, crystzailine
sciigd with a toiling gpoint of 25 OC, a melting goint of 173—17&°C, and a

density of 1.63 (Windholz, 1976). The dinitrobenzenes have low aqueous

solubility =n2 z2r2 solunls in zlcchol.
Tre cinitzctenzenes ars used in corgsnic svninhesis, thes ooocuction of
gves, and as a camphor subshtitute in celluloid srozduction.

The comestic prodection volume of meta-dinitrcbenzene in 1572 was
aporoximately 5 x 19° tons (U.S. ZPA, 1976).

Dinitrchenzenes ars generaily stable in neutral acueous solutions; as
tne medium cecomes mor2 alkaline they may undergc hydrolysis (Murto, 1986).
Para-dinitrobenzene will undergo photochemical reduction in isoproparol
uncer nitrogen, but this reaction 'is quenched when the solvent is aerated
(Hashimoto and Kano, 1972).

Biodegradation of dinitrobenzenes nas been reported for acclimated
microorganisms (Chambers, et al. 1963; Bringmann and Kuehn, 1959).

Based on the octanol/water partition coefficient, Neely et al. (1974)

have estimated a low bioconcentration potential for the dinitrobenzenes.

T
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II. EXPOSURE

Industrial dinitrobenzene poisoning reports have- shown that workers
will develop intense cyanosis with only slight exposure (U.S. EPA, 1976).
Exposure to sunlight or ingestion of alcohol may exacerbate the toxic
effects of dinitrobenzene exposurs (U.S. EPA, 1974).

Monitoring data on levels of dinitrobenzenes in water, air, or food
were not found in the available literature; human exposure from these
sources canngt be evaluated.

III. PHARMACOKINETICS
A. Absorption
Methemcglobin formation in workers exposed to cinitrobenzene indi-
catesvthat ahsorotion of the compcund by inhalzation/dermal routss cccurs.
Animal studies demonstrate that ,dinitrobenzene is absorbed following oral
acministratisn. ‘

5. Distribution

Pertinent information on districution of dinitrobenzenss was not
found in the available litsraturs. |

C. Mefabolism

Dinitrobenzene undergoes hoth metabolic reduction and oxidaticn,
Animal studiss indicafe that the mgjor reducticn produciicns folligwing oral
dinitrobenzene administration were nitrcaniline and phenylene diamine (33%
of the administered dose) (Parke, 1961). The major oxidative metabolitas of
meta-dinitrobenzene wére 2,4~diamingphenol (31% of -initial dose) and

2-amino-4-nitrophenol (14% of initial dose). The phenols are further con-

jugated as glucuronides or etheral sulfates (Parke, 1961).



D. Excretion

Oral administration of radiolabelled meta-dinitrobenzene to
rabbits was followed by elimination of 65-93% of the dose within two days.

xcretion was almost entirely via the urinme; 1-5% of the administered label

m

as determirmed in the feces (Parke, 194l).

£

IV. EFFECTS
A. Carcinogenicity
Information on the carcinogenicity of the dinitrobenzenes was not
found in the available literature. .
B. Mutagenicity

Information on the mutagenicity of the dinitrobenzenes was not

-
€

found in the zvailable litsrzture., The pcssible dinitrocenzens metabolits
dinitropnenol (U.S. EPA, 1979), has been reported to induce chromatid breaks
In Sone wmarrow cells of iniected mice (Micra ang Mznna, 1971).
C. Teratogenicity
Information on the teratogenicity of the dinitrobenzeness was Hot

found in the availszle literature. The possible dinitrccenzene metacolite,

Sinitrophenol (U.S. EZPA, 1579), has orecduced develaopmentsl abnormalitiss in

the sea urchin (Hagstrom and Lonning, 1$66). No effacts were ssen following
injecticn 2 oozl administration of diniirophenol to mice (Glosom, 1573).
D. Other Reproductive Effects
Pertinent informaticn was mot found in the available literature.
€. Chronic Toxicity
NDinitrobenzene is the most potent methemoglebin-forming agent of
the nitrcaromatics. Poisoning symptoms in humans may be potentiated oy

»

exgcosure to sunlight or ingestion of alcohol (U.S. EPA. 1576).




V. AQUATIC TOXICITY
A. Acute Toxicity

McKee and Wolf (1963) have presented a brief synopsis of the
toxic effects of dinitrobenzenss tec aquatic life. 8 study by teClerc (1940)
renorted lethal doses of non-specific isomers of dinitrobenzene for minnows
(unspecified) at concentrations of 10,000 to 12,000 pg/l in distilled water
or 8,000 to 10,000 pg/i in hard water. Meinck et al. (1956) reported lethal
concentration of 2,000 pg/l for unspecified dinitrobenzenes for an unspeci-
fied fish species.

B. Chronic Toxicity

Ly

er

o
=

nent datz could not ke faund in the availakble litersture
regarding agquatic toxicity.

C. Plant Effects

- PR Y b {1572 +a2~ L V-l : Alma 1Are: " 2 Al o) ma
mCwarg et 2i. (ilr/8) T220TT TNat the aigae Chlorei.a SC. ua.Spla/c:u

1))

inhibitec ghatssynthetic activity wuoon excosurz to m-cdinifrocenzzne at g
VI. EXISTING GUIDELINES

The 8-hcur time-weighted-average (TWA) occupational exocsurs limit for

dinitrobenzenes is 0.15 ppm (ACGIH, 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 availabls reference documents,
Because of the limitations of such sources, tnis 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
ansure its teciinical accuracy.
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4,6~-DINITRO-0-CRESOL
SUMMARY

There is no avallable evidence to indicate that 4,6-
dinitro-ortho-cresol (DNOC) is carcinogenic.

This compound has produced Some DNA damage in Proteus
mirabilis but falled to show mutagenic effects in the Ames
assay or in E. coli. Available information does not
indicate that DNOC produces teratogenic or adverse
reproductive effects.

Human exposure incidents have shown that DNOC produces

an increase in cataract formation.



4,6-DINITRO-O-CRESOL
I. INTRODUCTION

This profile is based on the Ambient Water Quality Cri-
teria Document for Nitrophenols (U.S. EPA, 197%a).

Dinitrocresols are compounds closely related to the di-
nitrophenols; they bear an additional 2-position methyl
group. The physical properties of 4,6-dinitro-ortho-cresol
(DNOC, M.W. 198.13) include a melting point of 85.8°C and a
solubility of 100 mg/l in water at 20°C (U.S. EPA, 1979a).

Dinitro-ortho-cresol is used primarily as a blossom
thinning agent on fruit trees and as a fungicide, insecticide
and miticide on the fruit trees during the dormant season.
There is no record of current domestic manufacture of DNGCC
{U.S. EPA, 1979a). For additional information regarding the
nitrophenols in general, :he reader is rsferred to the Zazard
frofile on Mitrochenols (U.S. EPA, 1975L).

II. EXPOSURE

The lack of mecnitoring data makes it difficult to assess
exposure from water, inhalation, and foods. [DNOC has been
detected at 18 me/l in effluents from chemical olants (.S,
EPA, 1979a).

Exposure to DNOC appears to be primarily through occupa-
tional contact (chemical manufacture, pesticide appliication).
Contaminated water may result in isolated poisoning inci-
dents.

The U.S. EPA (197%a) has estimated a welghted average
bioconcentration factor for INOC to be 7.5 for the edible
portions of £ish and shellfish consumed by Americans. This

estimate is based on the octanol/water partition coefficient.

1 T3>
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ITII. PHARMACOKINETICS
A. Absorption
OC is readily absorbed through the skin, the res-
piratory tract, and the gastrointestinal tract (NICSH,
1978).
B. Distribution
DNOC has been found in several body tissues; how-
ever, the compound may be bound to serum proteins, thus pro-
ducing non-specific organ distribution (U.S. EPA, 1979a).
C. Metabolism
Animal studies on the metabolism of DNOC indicate
that 1ike the nitrophenols, both conjugation of the compound
and reduction of the nitro groués to amino groups occurs.
The metabollsm of INQOC to 4-aminoc-4-nitro-c-crescl s 2 de-
toxificaticn mechanlsm that is effective only when toxic
doses of DNOC are zdministered (U.S. EPA, 1979a). The
metabolism of DNOC is wery slow in man as coméared to that
observed in animal studles (Xing and Harvey, 19853).

D. Excretion
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The experiments of 2arker and coworkers (19831
several animal species indicates that NOC is rapidly ex-
creted followinag injection; however, Harvey, et al. (1951)
have shown slow excretion of INOC in volunteers given the
compound orally. As in metabolism, there is a substantial

difference in excretion patterns of humans vs, experimental

animals.
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IV. EFFECTS
A. Carcinogenicity
Pertinent data could not located in the available
literature,
B. Mutagenicity
Adler, et al. (1976) have reported that DNOC shows

some evidence of producing INA damage in Proteus mirabilis.

Testing of this compound in the Ames Salmonella system
(Anderson, et al., 1972) or in E. coll (Nagy, et al., 1975)
failed to show any mutagenic effects.
C. Teratogenicity and Other Reproductive Effaects
Pertinent data could not be lccated in the
available literature regarding teratogenicity and other
cteproductive effects.
D. Chronic Texicity
Zuman use oOf DNOC as a dieting ald has produced
poisoning cases at accepted Ekéféﬁdfic dose levels, as well
as some cases of éataract cdevelogment resulting from
overdoses (MIOSH, 1978).
E. Other Relevant Information
DNCC is an uncoupler of oxidative phosphorylation,
an effect which accounts for its high acute toxicity in
mammals.
7. AQUATIC TOXICITY
Pertinent information could not be located in the

available literature.

X027
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VI. EXISTING GUIDELINES AND STANDARDS
A, An eight-houf TLV exposure limit of 0.2 mg/m3 has
been recommended for DNOC by the ACGIH (1971).

A preliminary draft water criterion fér DNOC has
been established at 12.8 ug/l by the U.S. EPA (197%a). This
draft criterion has not gone through the process of public
review; therefore, there is a possibility that the criterion
may be changed.

B. Aquatic

Criteria for the protection of freshwater and
marine aquatic organisms were not drafted due to lack of

tex icological evidence (U.S. EPA, 1979a).



VI. EXISTING GUIDELINES AND STANDARDS
a. An eight—houf TLV exposure limit of 0.2 mg/m3 has
been recommended for DNOC by the ACGIH (1971).

A preliminary draft water criterion for DNOC has
been established at 12.38 ug/l by the U.S. EPA (197%5a). This
draft criterion has not gone through the process of public
review; therefore, there is a possibility that the criterion
may be changed.

B. Aquatic

Criteria for the protection of £freshwater and

marine aquétic organisms were not drafted due to lack of

tox.lcoleogical evidence (U.5. EPA, 1979a).

70-&



2,4-Dinitrophenol

Health and Eavirommental Effects

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

APRIL 30, 1980

ﬁfﬁf;g -
v~

No.

91



DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The informaticn contained in the report is drawn chiefly
from secondarv sources and available retference 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 deccument has uadergone scrutiny to
ensure its technical accuracy. S
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2,4-DINITROPHENOL

Summary
There is no evidence to indicate that 2,4-dinitrophenol pos-
sesses carcincgenic activity.
Genetic toxicity testing has shown positive effects in mcuse

bone marrow cells and in E. coli. In vitro cell culture assays

failed to show the potential for mutagenic activity of 2,4-dinitro-
phenol as measured by unscheduled DNA synthesis.

Teratogenic effects have been observed in the chick embryo
following administration of 2,4-dinitropnencl. Studies in mammals
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failed to show that the compound produced any tarato
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At the levels of compound used in these mammalian studies, embryo=

toxic ectfects were observed.
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For aquatic organisms LC=0 values ranged from 620 pe/1 Eor

the bluegill %2 15,700 Fg/l for the fathead minnow.
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2,4-DINITROPHENOL

I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria
Document for Nitrophenols (U.S. EPA, 197%a).

The dinitrophenols are a family of compounds composed of the
isomers resulting from nitro-group substitution of phenol at vari-
ous positions. 2,4-Dinitrophenocl has a molecular weight of 184.11,
a melting point of 114-115°C, a density of 1.683 g/ml and is sol-
uble in water at 0.79 g/1 (U.S. EPA, 1979a).

The dinitrophenols are used as chemical intermediates for

sulfur dyes, azo dyes, photochemicals, pest control agents, wood

preserzvatives, and explosives (U.S. EPA, 1979%9a). The 1963 pro-
duction of 2,4-dinitroohenol was 4.3 x 104 tons/vr. (U.s. EPA;

1979a).

1l infcrmaticon ragardin the nitrochenols 3

For addition

fu
Yo}
0
m

a class, the reader is referred to the Hazard Profile on Nitro-
phenols (1979b).
II. EXPOSURE

The lack of wmonitoring data £or the nitrophenols mzkes it
dlLficult to assess exposure ctLrom water, lnhalation, and foods.
Nitropnenols have been detected in effluents from chemical plants
(U.S. EPA, 1979a). Dermal absorption of the dinitrcphenols has
been reported (U.S. EPA, 1979%a).

Exposure to nitrophenols apﬁears to be primarily through
occupational contact (chemical plants, pesticide application).
Contaminated water may contribute to isolated poisoning inciéents.

The U.S. EPA (l1979a) has estimated the weighted average bioccon=-

centration factor for 2,4-dinitrophenol to be 2.4 for the edible

p%
..%
-7



portions of fish and shellfish consumed by Americans. This esti-
mate was based cn the cctanol/water partition coefficients of
2,4—dinitxdphenol.
III. PHARMOCOKINETICS
A. Apsorption
The dinitrophenols are readily absorbed following oral,
inhalation, or dermal administration (U.S. EPA, 1979a).
3. Distribution
Dinitrophenol blood concentrations rise rapidly after
absorption, with little subsequent distribution or storage at tis-
sue sites (U.S. EPA, 197%a).

C. Metabolism

Metabolism of the nitrcphenols occurs through conjuga}

- -
A XX

"

i
i

né reducticn of nitro-groups to aminc-groups, or oxidation %o

dinydric-nitrognencls (U.S. EPA, 1379%a).
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kperiments with several animal specizs indicate that
urinarv clearance of dinitrophenols is rapid (Earvey, 1959).
V1. EFFECTS S
A, Carcinegenicity-
2,4~-Dinitrophencl has been found not to promote skin
tumor formation in mice following DMBA initiation (Bautwell and
Bosch, 1953).
3. Mutagenicity
Testing of 2,4-dinitrophénol has indicated mutagenic

effects in E. coli (Demerec, et al, 1951). In vitro assays of

unscheduled DNA svnthesis (Friedman and Staub, 1976) and DNA

¥
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damage induced during cell culture (Swenberg, et al. 1976) failed
to show the potential for mutagenic activity of this compound.

C. Teratogenicity

2,4-Dinitrophenol has been shown to produce development-

al abnormalities in tne chick embryo (Bowman, 1967; Mivatmoto, et
él. 1975). No teratogenic effects were seen following intragastric
administration to rats (Wulff, et al. 1935) or intraperitoneal ad-
ministration to mice (Gibson, 1973).

D. Other Reproductive Effects

Feeding of 2,4-dinitrophenol to pregnant rats produced

an increase mortality in offspring (Wulff, et al., 193%5); simi-

(o=

arly, 1intraperitoneal administration of the compound £0 mice

induced embryotoxicity (Gibson, 1973). The influence of thi$

1]

2 2ffects.

{

compound on maternal health mey have contributed to the

(.)I

Use of 2,4-dinitrophenol 2s a human dieting aid has pro-

duczsd zome cases of agranulocytosis, neuritis, functional heart

damage, and a large number of patients suffering from cataracts

J

{Zorner, 1222).

F. Other Relevant Information
2,4-Dinitrophenol is a classical uncoupler of oxidative
chospnorylation, an effect which accounts for 1its high acute’
toxicity in mammals.
A synergistic action in producing © teratogenic effects
in the developing chick embryo has been reported with a combina-

»
tion of 2,4-dinitrophenol and insulin (Landauer and Clark, 1964).



v. AQUATIC TOXICITY
A. Acute

The bluegill (Lepomis macrochirus) was the most sensi-

tivé aguatic organism tested, with an LCSO of 620 pg/l in a static,
96-hour assay (U.S. EPA, 1978). " Juvenile fathead minnows (Pime-

phales promelas) were more resistant in flow through tasts, with

an LCg, of 16,720 pg/l (Phipps, et al. manuscript). The fresh-

water cladoceran (Daphnia magna) displayed a range o©of cbserved

LCSO values of 4,090 to 4,710 pg/l1 (U.S. EPA, 1979%a). Acute

values for the marine sheepshead minnow (Cyprinodon wvariegatus)

are LC30 values ranging from 5,530 to 29,400 pg/l1 (Rosenthal

ané Stelzer, 1970). The marine mysid shrinp (Mysidopsis bahia)

had an LC ., of 4,850 pg/l (U.S. EPA, 1978). :
3. Chrenic Toxicity
Pertinent data could no: be located in the availacle
literaturse
o Plant Zffects

Zffective concentrations £or £freshwater 3plants ranged

from 1,472 pa/l for duckweed (Lemna minor) to 30,000 pg/l for

the alga (Chloralla pvrencideosa) (U.S. EPA, 197%a). The marine

[P

alga (Skeletonema costatum) was more resistant with a reported

96-hour ECSO value based on cell numbers of 398,700 ng/lL.
D. Residues
Based on the octancl/water partition ccefficient, a bio-
concentration factor of 8.1 has been estimated for 2,4-dinitro-

pnenol for aquatic organisms with a lipid content of 8 percent.

A
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V. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor agquatic criteria derived by U.S.
EPA (1979a) which are summarized below have undergone the process of
public review; therefore, there is a possibility that these criter-
ia will be changed.

A. Human

The draft water criterion for dinitrophenols, based

on data describing adverse =2ffects, has been estimated by the
U.S. EPA (1979%a) as 68.6 pg/l.

B. Aquatic

ror protecting freshwatsr acuatic 1ifs, the draft cri-

w

terion is 79 pg/l as a 24-hour average concentration not to excegd
180 ug/l. The marine criterion has been proposed as 37 Pg/i
as a 24-hour average not &to exceed 84 pg/l at any time (U.S.
TPA, 1%7%aj. V |

To protect saicwater Llife, the dratt criterion is 37
Hg/l as a 24-nour average not to exceed 84 pg/l at any time (U.S.

EPaA, 1979%9a).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
c2l, The information contained in the report is drawn chiefly
from secondarv sources and availablie reference <dJocuments,
Because of the limitations of such sources, this shert profile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical, This documant has undergone scrutiny to
ensure its tecnnical accuracy.
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DINITROTCLUENE
SUMMARY

Most of the information on the effects of dinitrotoluene
deals witn 2,4-dinitrotoluene. 2,4-Dinitrotoluene induces
liver cancer and mammary tumors in mice and is mutagenic
in some assay systems. Information on teratogenicity was
not lccated in the available literature. Chronic sxposure
to 2,4-dinitrotoluene induces liver damage, jaundice, methemo-
globinemia and anemia in humans and animals.

Acute studies in freshwater £ish and invertebrates

n
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2gges at 2,3-dinitrotoluene is much more toxic than
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,4-dinitrotoluene.
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DINITROTOLUENE

I. INTRODUCTION

This profile is based on the Ambient Water Quality
Criteria Document for Dinitrotoluene (U.S. EPA, 1979).

There are six isomers of dinitrotoluene (CH3C6H3 (N02)2;
molecular weight 182.14), with the 2,4-isomer being the
most important commercially. 2,4-Dinitrotoluene has a melt-
ing point of 71°C, a boiling point of 360°C with decomposi-
tion, and a solubility in water of 270 mg/l at 22%. 1t
is readily soluble in ether, ethanol, and carbon disulfide
(U.3. EPA, i979). 2,6-Dinitrotoluene has a melting point
of 96°C and is soluble in 2lconol. DPrecducticn in 1975 was
273 x 103 tons per year for the 2,4- and 2,5- isomers com-
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polymers, and a raw material for the manurfacture of dyestuifs.

rr

l».

initrotoluenes are relatively s3table at ambient tempera-
tures (U.S. EPA, 1979).
II. EXPOSURE
A. Water
Data on concentration levels for dinitrotoluene
were not available. Dinitrotoluene waste products are dumped

into surface water or sewage by industries that manufacture

dyes, isocyanates, polyurethanes and munitions (U.S. EPA,



B. Food .

According to the U.S. EPA (1979), the likelihood
of dinitrotoluene existing in food is minimal since it is
not used as a pesticide or herbicide.

The U.S. EPA (1979) has estimated the weighted
average bioconcentration factor for 2,4-dinitrotoluene to
be 5.5 for the edible portions of fisn and shellfish consumed
oy Americans. This estimate is based on the octanol/water
partition coefficient.

c. inhalation

éxposure to dinitrotoluene by inhalation is most

likely to occur occupationally (g.s. EPA, 13979). However,

pertinent data could not be loccated in the available litera-
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The absor2tion of
uene aiter oral adminiscration to rats was essentiaiiy com-
plete within 24 hours, with 50 £2 20 percent of the dose
being absorbed. The 2,4- and 3,4-isomers were absorbed
to a greater extent than the 3,5- and 2,3- isomers, which
in turn were absorbed to a greater extent than the 2,3-
and 2,6-isomers (Hodgson, et al, 1977). 2,4-Dinitrotoluene
is known to e absorbéd through the respiratory tract and

skin (U.S. EPA, 1879).



B. Distribution
Tissue/plasma ratios of radiocactivity after adminis-

l4C—labeled dinitrotoluene to rats indicated

tration of
retention of l4C DNT in both the liver and kidneys obut not
in other tissues (Hodgson, et al., 1877). A similar experi-
ment with tritium-labeled 2,4-dinitrotoluene (SH-2,4-DNT)
in the rat showed relatively high amounts of radiocactivity
remaining in adipose tissue, skin, and liver seven davs
after administration (Mori, et al., 1977).
cC. Metabolism
We studies characterizing the metabelism of dinitro-
toluene in mammals are available. However, on the basis
of a comparison of the metabolism of 2,4-dinitrotoluene
and 2,4,6—triﬁitrotoluene in microonial sysctems, and tne

Anown metagoiism of 2,4,3-trinitrotoluene in aammals, the
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nitrotoluene in mammals would be either %cxic and/cr car-
cinogenic.

D. Excretion

A
P

In studies involving oral administration of C~-

3H—2,4-dinitrotoluene to rats (Hodgson,

dinitrotoluene or
et al., 1977; Mori, et al., 1977), elimination of radiocactiv-
ity occurred mainly in urine and feces. NoO radiocactivity
was recovared in the expired air. Abocut 46;percent of the

administered dose in the latter study was excreted in the

feces and urine during the seven days following administration.
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IV. EFFECTS
A. Carcinogenicity
2,4-Dinitrotoluene fed to rats and mice for two
vears produced dose-related increases in fibromas cf the
skin in male rats and fibroadenomas of the mammary gland
in female rats. All of these were benign tumors. No statis-
tically significant increase in tumor incidence was noted
in mice (Natl. Cancer Inst., 1978).
In a second biocassay of rats and mice fed 2,4-
dinitrotoluene for two years, the findings in rats included

. . o= - : - T 1 < a3
a2 significant increage 9of hepatccallular caccinomas and

~
2
neoplastic nodules in the livers.of females, a significant

increase of mammary gland tumors in rfemales, and a suspicious

iver in males.
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3. Mutagenicicy
2,4-Dinitrotoluene was mutagenic in the dominant

lethal assay and in Salmonella typhimurium strain TAl535

(Hodgson, et al. 1976). <Cultures of lymphocytes and kicdney
cells derived from rats fed 2,4-dinitrotoluene had signifi-
cant increases in the frequency of chromatid gaps but not
in translocatiocns or chromatid breaks (Hodgson, et al.,
1976). ‘

The mutagenic effects of products from ozonation

or chlorination of 2,4-dinitrotoluene and other dinitrotoluenes
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were negative in one stgdy (Simmon, et al., 1977), and,
for products of ozonation alone, were ambiguous in another
study (Cotruvo, et al., 1977).
c. Teratogenicity and other Reproductive Effects
Pertinent data could not be located in the avail-
able literature.
D. Chronic Toxicity
Chronic exposure to 2,4-dinitrotoluene may produce
liver damage, jaundice, methemoglobinemia and reversible
anemia with reticulocytosis in humans and animals (Linch,
1974; Key, et al. 1977; Proctor and Hughes, 1978; Kovalenko,
1973).

E. Other Relevant Information N

Animals were more resisgantito the toxic effects

of 2,4-dinitrotoluene administered in the diet when given

diets high in fat or protein (Clayton and Baumann, 1944,
.1948; Shils and Goldwater, 1953) or protein (Shils and Gold-
water, 1953).

Alcohol has a synergistic effect on the toxicity
of 2,4-dinitrotoluene (Friedlander, 1900; McGee, et al.,
1942).

‘In subacute studies (13 weeks), 2,4- and 2,6-dini-
trotoluene caused methemoglobinemia, anemia with reticulocyto-
sis, gliosis and demyelination in the brain, and atrophy
with aspermatogenesis of the testes in several species (Ellis,

et al., 1976).



v. AQUATIC TOXICITY
A. Acute Toxicity

Static assays with the freshwater bluegill (Lepomis

macrochirus) produced a 96-hour LCqq value of 330 pg/l for
2,3-dinitrotoluene (U.S. EPA, 1978), while the same assay

with the fathead minnow (Pimephales promelas) produced a

96-nour LC50 value of 31,000 Pg/l for 2,4-dinitrotoluene
(U.S. Army, 1976). The greater toxicity of 2,3-dinitrotoluene
when compared to that of 2,4-dinitrotoluene, was demonstrated

in 48-~hour static assays with the freshwater cladoceran,

Daphnia magna, with LC50 values of 660 pg/l(U.S. EPA, 1978)
and 35,000 pg/l (U.S. Army, 1976) being reported. A single

marine fish, sheepshead minnow (Cyprinodon variegatus),

has been tested for adverse acute effects of 2,3-~dinitro-
toluene. A 96-hour static assay Lcso~value.of 2,280 pg/1
was reported (U.S. EPA, 1978). For marine lnvertebrates
a 96-hour static LCgy value of 5390 Pg/l was obtained for

the mysid shrimp (Mysidopvsis bahia) with 2,3-dinitrotoluene.

3. Chronic Toxicity
The sole chronic study examining the effects of
2,3-dinit;otoluene in an embryo-larval assay on the fathead
minnow produced a chronic value of 1ll6 HS/1 based on reduced
survival of these stages. No marine chronic data were pre-
sented (U.S. EPA, 1879).
C. =~ Plant Effects
Concentrations of 2,3-dinitrotoluene that caused

50 percent adverse effects in cell numbers or chlorophvll

g
72-9



a in the freshwater algae, Selenastrum capricornutum, were

1,370 or 1,620 Pg/l, respectively. These same effects mea-

sured in the marine algae, Skeletonema costatum, showed

it to be more sensitive. ECqq values were 370 or 400 pg/l,
respectively.
D. Residues
A bioconcentration factor of 19 was obtained for
aquatic organisms having a lipid content of 8 percent (U.S.
EPA, 1979).
VI. EXISTING STANDARDS AND GUIDELINES
Neithek.the human health nor aquatic criteria derived
by U.S. EPA (1979), which are su@marized below, have gone
through the process of public review; therefore, there is
a possibility that these criteria may be changed.
A. Human
Based on the induction of fibroadenomas of the
'mammary gland in female rats (Lee, et al., 1978), and using
the "one-nit" model, the U.S. EPA (1979) has estimated levels
of 2,4-dinitrotoluene in ambient water which will result

in specified risk levels of human cancer:

Exposure Assumptions . Risk Levels and Corresponding Draft Criteri:
(per day) 0 10—7 10-6 10°°> :
2 liters of drinking water and 7.4 ng/l 74.0 mg/l 740 ng/l '

consumption of 18.7 grams fish ;
and shellfish.

Consumption of fish and shell- .156 Pg/l 1.56 Pg/l 15.6 pg/l
fish only. 4



The American Conference of Governmental Industrial
Hygienists (1978) recommends a TLV~-time weighted average
for 2,4-dinitrotoluene of 1.5 mg/m3 with a short term expo-
sure limit of S mg/m3.

B. Aquatic

A criterion to protect freshwater life has been
drafted as 620 upg/l for a 24-hour average not to exceed
1,400 Pg/l for 2.4-dinitrotoluene and 12 pg/l not to exceed
27 pg/1 for 2,3=dinitrotoluene. For marine environments
a criterion has been drafted for 2,3-dinitrotoluene as a
4.4 pg/l as a 24-hour average not to exceed 10 pg/l. Data
was insufficient to draft a criterion for 2,4-dinitrotoluene

for 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.



SPECIAL NOTATION

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

2,4-dinitrotoluene and has found sufficient evidence to

indicate that this compound is carcinogenic.
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2, 4-DINITROTOLUENE

Summary

2,4-Dinitrotoluene induces liver cancer and mammary tumors in mice and
is mutagenic in some assay systems. Information on teratogenicity was not
located in the available literature. Chronic exposurs to 2,4~dinitrotoluene
induces liver damage, jaundice, methemoglobinemia and anemia in humans and
animals.

Two acute studies, one on freshwater fish and the other on freshwater
invertebrates, provide the only data of 2,4-dinitrotoluene's adverse effects
on agquatic ﬁrganisms. Acute LC50 values were reported as 17,000 and

30,000 pg/l. No marine data are available.



2, 4-DINITROTOLUENE

I. INTRQDUCTION

This profile is based on the Ambient Water Quality Criteria Occument
for Dinitrotoluene (U.S. EPA, 1979a). |

2,4-Dinitrotoluene (2,4-ONT) has a melting point of 71°C, a boiling
point of 3009C with decomposition, and a solubility in water of 270 mg/l
at 22°%. It is readily soluble in ether, ethanol, and carbon disulfide
(U.S. EPA, 1979a).

5 tons/year for the 2,4- and

Production in 1975 was 273 x 10
2,6-1somers combined (U.S. EPA, 1979a). 2,4-0Oinitrotoluene is an ingredient
in explosives-For commercial and military use, a chemical stabilizer in the
manufacture of smokeless powder, an intermediate in the manufacture of to%f
uene diisocyanatés used in the production of urethane polymers, and a raw
material for the manufacture of dye-stuffs. Oinitrotoluenes are relatively
stable at ambient temperatures (U.S. EPA, 1979a). For additional infor-
mation regarding the dinitrotcluemes in general, the reader is referred to
‘the EPA/ECAO Hazard Profile on Oinitrotoluenes (U.S. EPA, 197%b).

II. EXPOSURE
A. Water
Data on concentration levels of 2,4-DNT in water were not avail-
able. Dinitrotoluene waste products are dumped into surface water or sewage
by industries that manufacture dyes, isocyanates, polyurethanes and muni-
tions (U.S. EPR, 1979a).
8. Food
According to thé U.S. EPA (1979a), the likelihood of 2,a-diqitro—

toluene existing in food is minimal since it is not used as a pesticide or

rerbicide.
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Thé U.S. EPA (1979a) has estimated the .weighted average biocon-
centration factor for 2,4-dinitrotoluene to be 5.5 for edible portions of
fish and shellfish consumed by Americans. This estimate was based on the
octanol/water partition coefficient.

C. Inhalation

Exposure to dinitrotoluene by inhalation is most likely to occur
occupationally (U.S. EPA, 1975a). However, pertinent data could not be
located in the available literature on atmospheric concentrations of dini-
trotoluene; thus, possible human exposure cannot be estimated.

III. PHARMACOKINETICS |
A. Absdrption

The absorption of laC-labeLed isomers of dinitrotoluene after
oral administration toc rats was essentially complete within 24 hours, wigh
60 to 90 percent of the dose being absorbed. The 2,4-and 3,4-iscmers were
absorbed to a greater extent than the 3,5- and 2,3-isomers, which in tumn
were absorbed to a greater extent than the 2,3~ and 2,6-isomers (Hodgson,‘et
al. 1977). From toxicity studies, 2,4-Dinitrotoluene is known to oe ab-
sorced through the respiratory tract and skin (U.S. EPA, 1979a).

8. Distribution
Tissue/plasma ratios of radioactivity after administration of

Yc-labeled dinitrotoluene (ONT) to rats indicated retention of 1ac

1
2,4-ONT in both liver and kidneys but not in other tissues (Hodgson, et al.
1977). A similar experiment with tritium-labeled 2,&4-dinitrotoluene
(BH-Z,A-DNT) in the rat showed relatively high amounts of radioactivity
remaining in adipose tissue, skin, and liver seven days after administration

(Mori, et al. 1977).

73-¢



C. Metabolism

No studies characterizing the metabolism of 2,4-dinitrotoluene in
mammals are available. However, on the basis of a comparison of the metab-
olism of 2,4-dinitrotoluene and 2,4,6-trinitrotoluene in microbial systems,
and the metabolism of 2,4,6-trinitrotoluene in mammals, the U.S. EPA (1979a)
speculated that the metabolites of 2,4-dinitrotoluene in mammals would be
either toxic and/or carcinogenic.

0. Excretion

In studies involving oral administration of ll‘C-—dinitrotoluene or
3H-Z,A-dinit:otoluene to rats (Hodgson, et al. 1977; Mori, et al, 1977),
elimination of radioactivity occurred mainly in urine and feces. No radio-
activity was recovered in the expired air. About 46 percent of the admin-
istered dose in the latter study was excreted in the feces and urine duriﬁg
the seven days following administration.

Iv. EFFECTS
A. Carcinogenicity

2,4-Dinitrotoluene fed to. rats and mice for two years produced
dose-related increases in fibromas of the skin in male rats and fibro-
adenomas of the mammary gland in female rats. These tumors were benign. No
statistically significant reponge was noted in mice (Natl. Cancer Inst.,
1978).

In a second bioassay of rats and mice fed 2,4-dinitrotoluene for
two years, the findings in rats included a significant increase of hepato-
cellular carcinomas and neoplastic nodules in the iivers of females; a sig-
nificant increase of mammary gland tumors in females, and a suspicipus in-
crease of hepatocellular carcinomas of the liver in males. Mice had a

highly significant increase of kidney tumors in males (Lee, et al. 13978).

G3-7
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B. Mutagenicity
2,4-Dinitrotoluene was mutagenic in the dominant lethal assay and

in Salmorella typhimurium strain TA 1535 (Hodgson, et al. 1976). Cultures

of lymphocytes and kidney cells derived from rats fed 2,4-dinitrotcluene had
significant increases in the frequency of chromatid gaps but not in trans-
locations or chromatid breaks (Hodgson, et al. 1976).

The mutagenic effects of products from ozonation or chlorination of
2,4~dinitrotoluene and other dinitrotoluenes were negative in one study
- (Simmon, et al. 1977) and, of products from ozonation alone, were ambiguous’
in another study (Cotruvo, et al. 1977).

C. Teratogenicity and Other Reproductive Effects
Pertinent data could not be lpcated in the available literature.
0. Chronic Toxicity

Chronic exposure to 2,4-dinitrotoluene may produce liver damage,
jaundice, methemoglobinemia and reversible anemia with reticulocytosis in
humans and animals (Linch, 1974; Key, et al. 1977; Proctor and Hughes, 1978;
Kavalenka, 1973).

E. Other Relevant Information

Animals were more resistant to the toxic effects of 2,4-dinitro-
toluene administered in the diet when given diets high in fat (Clayton and
Baumann, 1944, 1948; Shils and Goldwater, 1953) or protein (Shils and
Goldwater, 1953).

Alcchol has a synergistic effect on the toxicity of 2,4-dinitrotoluene

’

(Friedlander, 1900; McGee, et al. 1942).
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In subacute studies (13 weeks) of several species, 1,2,4-dinitrotoluene
caused methemoglobinemia, anmemia with reliculocytasis, gliosis, and demyeli-
nation in the brain, and atrophy with aspermatogenesis of the tes;e§_(Ellis
et al., 1976).

V.  AQUATIC TOXICITY
A. Acute Toxicity
The only toxicity data available for the effects of 2,4-dinitro-

toluene in agquatic animals are from a single freshwater fish and inverte-
brate species (U.S. Army, 1976). A 96-hour static LC50 value for the fat-

head minnow (Pimephales promelas) was reported as 31,000 pg/l and a 48-hour

static LCSO value for the cladoceran, 0Daphnia magna, was reported as

35,000 pg/l. .
B. Chronic Toxicity and Plant Effects

Pertinent data could not be located in the available literature.
C. Residues |

A bioconcentration factor of 19 was obtained for 2,4-dinitrotoluene.
) VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor aguatic 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 may be changed.

A. Human

Based on the induction of fibroadenomas of the mammary gland in

female rats (Lee, et al. 1978), and using the "one-hit" model, the U.S. EPA
(1979a) has estimated levels of 2,4-dinitrotoluene’in ambient water which

will result in specified risk levels of human cancer:

- g -
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. Exposure Assumptions Risk Levels and Corresponding Criteria

(per day)
e 107 10-6 10-3
Consumption of 2 liters of drink- 7.4 ng/1 74.0 ng/l 740 ng/l
ing water and 18.7 grams fish and
shellfish.
Consumption of fish and shellfish 156 pg/1l  1.56 pg/l  15.6 ug/l
only. '

The American Conference of Govermmental Industrial Hygienists
(1978) recommends a TLV-time-weighted average for 2,4~dinitrotoluene of 1.5
mg/m3 with a short temm exposure limit of 5 mg/m3.
B. Aquatic
A criterion has been drafted for protecting freshwater life Frpm
the toxic effects of 2,4-dinitrotoluene. A 24-hour avérage conceﬁtration of

620 ug/l, not to exceed 1,400 pg/l, has been proposedf Data are insuffi-

cient for drafting a marine criterion.

g
73-/0



2,4-DINITROTOLUENE

REFERENCES

American Conference of Governmental Industrial Hygienists.
1978. TLV'sR: Threshold limit values for chemical
substances and physical agents in the workroom environment
with intended changes for 1978.

Clayton, C.C., and C.A. Baumann. 1944, Some effects of diet
on the resistance of mice toward 2,4-dinitrotoluene. Arch.
Biochem. 5: 115.

Clayton, C.C., and C.A. Baumann. 1948. Effect -ef--fat—and— --—-——— —
calories on the resistance of mice to 2,4-dinitrotoluene.
Arch. Biochem. 16: 415.

Cotruvo,, J.A., et al. 1977. Investigation of mutagenic
effects of products of ozonation reactions in water. Ann.
N.Y. Acad. Sci. 298: 124.

Friedlander, A. 1900. On the clinical picture of poisoning
wlith benzene and toluene derivatives with special reference
to the so-called anilinism. Neuyrol. Centrlbl. 19: 155.

Hodgson, J.R., et al. 1976. Mutation studies on 2,4-dini- ;
trotoluene. Mutat. Res. 38: 387. (Abstract from the 7th
Annu, Meet. Am. Environ. Mutagen Soc., Atlanta, March 12-15).

Hodgson, J.R., et al. 1977. Comparative absorption, distri-
bution, excretion, and metabolism of 2,4,6-trinltroluene
(TNT) and isomers of dinitrotoluene (INT) in rats. Fed.
Proc. 36: 996. :

Key, M.M., et al. (eds.) 1977. Pages 278-279 In:
Occupational diseases: A guide to theilr recognition. U.S.
Dept. Health, Edu. Welfare. U.S. Government Printing Office,
Washington, D.C.

Rovalenko, I.I. 1973. Hemotoxicity of nitrotoluene in rela-
tion to number and positioning of nitro groups. Farmakol.
Toxicol. (Kiev.) 8: 137.

Lee, C.C., et al. 1978. Mammalian toxicity of munition com-
pounds. Phase III: Effects of life-time exposure. Part I:
2,4-Dinitrotolune. U.S. Army Med. Res. Dev. Command. Con-
tract No. DAMD-17-74-C-4073. Rep. No, 7, September.

73l .



Linch, a.L. 1974. Blological monitoring for industrial ex-
posure to cyanogenic aromatic nitro and amino compounds. Aam.
Ind. Hyg. Assoc. Jour. 35: 426.

McGee, L.C., et al. 1942. Metabollc disturbances in workers
exposed to dinitrotoluene. Am. Jour. Dig. Dis. 9: 329.

Mori, M., et al. 1977. Studles on the metabolism and toxic-
ity of dinitrotoluenes -- on excretion and distribution of
tritium-labelled 2,4-dinitrotoluene (3H-2,4—DNT) in the

rat. Radlolsotopes 26: 780.

National Cancer Institute. 1978. Bloassay of 2,4-dinitro-
toluene for possible carcinogenicity. Carcinogenesis Tech.
Rep. Ser., No. 5S4, U.S. DHEW (NIH) Publ. No. 78-1360. U.S.
Government Printing Office, Washington, D.C.

Proctor, N.H., and J.P. Hughes. 1978. Chemical hazards of
the workplace. J.B. Lippincott Co., Philadelphia/Toronto.

Shils, M.E., and L.J. Goldwater. 1953. Effect of diet on
the susceptiblility of the rat to polisoning by 2,4-dinitro-
toluene. Aam. Med. Assoc. Arch. Ind. Hyg. Occup. Med. 8:
262.

Simmon, V.F., et al. 1977. Munitions wastewater treatments:
dose chlorination or ozonation of individual components pro-
duce microbial mutagens? Toxicol, Appl. Pharmacol. 41: 197,
(Abstract from the 16th Annu., Meet, Soc. Toxicol., Toronto,
can., March 27-30).

U.S. Army Research and Development Command. 1976. Toxicity
of TNT wastewater (pink water) to agquatic organisms. Final
Report, Contract DAMD 17-75~C-5056. Washington, D.C.

U.S. EPA. 1979a. Dinitrotoluene: Ambient Water Quality Cri-
teria. (Draft).

U.S. EPA. 1979b. Dinltrotoluene: Hazard Profile. Envircon-
mental Criteria and Assessment QOffica.



2,6=Dinitrotoluene

Health and Environmental Effects

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

APRIL 30, 1980

99/

No.

94



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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2,6-Dinitrotoluene

SUMMARY

2,6-Dinitrotoluene is known to cause methemoglobinemia in
cats, dogs, rats, and mice. When admihistered orally to these
animals for a maximum of thirteen weeks, the major effects seen
in addition to the blood effects were depressed spermatogenesis,
degeneration of the liver, bile duct hyperplasia, incoordination
and rigid paralysis of the hind legs, and kidney degeneration.

Positivé results were obtained with mutagenicity testing in

a number of Salmonella typhimurium strains.

2,6~DNT has been found in tap water in the United States.
The nitro groups on the aromatic ring retard degeneration so
there is a potential for it to accumulate in the aquatic environ-

ment.

I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria
Document for Dinitrotoluene (U.S. EPA, 1979b) and a U.S. EPA
report entitled "Investigation of Selected Potential Environ-
mental Contaminants: Nitroaromatics" (1976).

2,6-Dinitrotoluene (2,6-DNT; C,HgN,0,7 molecular weight
182.14) is a solid at room temperature. It is in the shape of
rhombic needles and is soluble in ethanol. Its melting point is
66°C and its density is 1.28 at 111°C (Weast, 1975). ’

A review of the production range (includes importation)

statistics for 2,6-dinitrotoluene {(CAS. No. 606-20-2) which is

Y
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listed in the initial TSCA Inventory (1979a) has shown that
between 50,000,000 and 100,000,000 pounds of this chemical were
produced/imported in 1977.:/

Mixtures of the dinitrotoluene isomers are intermediates in
the manufacture of toluene diisocyanates, toluene diamines and
trinitrotoluene (Wiseman, 1972). Dinitrotoluene (both 2,4- and
2,6-) is an ingredient in explosives for ccmmercial and military
use and is also used as a chemical stabilizer in the manufacture

of smokeless powder (U.S. EPA, 1979b).

II. EXPOSURE

A. Environmental Fate

Based on the photodecomposition of trinitrotoluene (TNT)
described by Burlinson et al. (1973)( 2,6~dinitrotoluene would be
expected to react photochemically. Decomposition of 65% of the

TNT had occurred when the decomposition products were examined.

2,6-Dinitrotoluene would be expected tc biodegrade to a
limited extent. The nitro groups retard biodegradation and

studies with soil microflora have shown that mono- and di-

substituted nitrobenzenes persist for more than 64 days

(Alexander and Lustigmann, 1966). McCormick et al. (1976) and

B8ringmann and Kuehn (1971) reported microbial degradation of

2,8~DNT by anaerobic and aerobic bacteria, respectively.

:/ This production range information does not include any )
production/importation data claimed as confidential by the
person(s) reporting for the TSCA inventory, nor does it
include any information which would comprcomise Confidential
Business Information. The data submitted for the TSCA

Inventory, including production range information, are subject
to the limitations contained 'in the Inventory Reporting

A
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B. Bioconcentration

In general nitroaromatic compounds do not have high biocon-
centration potential based on calculations using their octanol-
water partition coefficients. They are not expected to
biomagnify based on their water solubility (U.S. EPA, 1976).

c. Environmental Occurrence

2,6=-Dinitrotoluene has been identified in tap water in the
United States (Kopfler and Melton, 1975). Its environmental con-
tamination would come almost exclusively from the chemical plants
where it is produced. It was detected in the water effluent from
a TNT plant in Radford, Virginia at concentrations of 3.39 to
56.3 ppm. It was also found in the raw waste of a DNT plant at
150 ppm. The raw effluent contained 0.68 ppm and the pond efflu-

ent 0.02 ppm (U.S. EPA, 1976).

ITII. PHARMACOKINETICS

2,6=Dinitrotoluene can enter the body through inhalation of
vapors or dust particles, ingestion of contaminated food, and
absorption through the skiﬁ (EPA, 1979b). Hodgson et al. (1977)
traced the pathway of 14c 1abeled di- and tri-substituted nitro-
toluenes after oral administration of the compounds to rats. All
of the compounds were well absorbed with 60 to 90% absorption
after 24 hours. The radiolabel was found in the liver, kidneys
and blood but not in other organs; none was fbund in the expired
air indicating that the aromatic ring was not broken down through

metabolism of the compounds. Most of the labeled compounds were

Regulations (40 CFR 710).
.
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eliminated in the urine as metabolites; biliary excretion was

also an important elimination pathway.

IV. HEALTH EFFECTS

A. Carcinogenicity

No carcinogenicity testing of 2,6-DNT has been reported in
the literature. The National Cancer Institute conducted a bio-
assay to determine the carcincgenicity of 2,4-DNT by administer-
ing it to rats and mice in their diet. 2,4-DNT induced benign
tumors in male and female rats, however, the benign tumors were
not considered a sufficient basis for establishing carcinogen-
icity. The assay produced no evidence of carcinogenicity of the
compound in mice (NCI, 1978).

B. Mutagenicity

Simmon et al. (1977) tested 2,6-dinitrotoluene for

mutagenicity in Salmonella typhimurium. Positive results were

obtained with strains TAl1537, TAl1538, TA98, and TAl00, but not
TAl535. These results were obtained without metabolic activa-
tion.

C. Other Toxicity

1. Chronic

The subchronic toxicity of 2,6-dinitrotoluene was determined
by oral administration to dogs, rats, and mice for about 13
weeks. The primary effects were on red blocd cells, the nerwvous
system, and the testes. Both dogs and rats had decreased muscu-
lar coordination primarily in the hind legs, rigidity in exten-

sion of the hind legs, decreased appetite, and weight loss. The
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mice experienced only the decreased appetite and weight loss.
All of the animals had methemoglobinemia, and anemia with reticu-
locytosis.. The tissue lesions seen were extramedullary hemato-
poeisis in the spleen and liver, gliosis and demyelination in the
brain, and atrophy with aspermatogenesis in the testes (Ellis et
al., 1976). Methemoglobinemia was also found in cats adminis-
tered 2,6-DNT (U.S. EPA, 1979b).
2. Acute

Oral LD50's have been reported for rats and mice. They are
180 mg/kg and 1,000 mg/kg respectively (Vernot et al., 1977). A
mixture of 2,4-DNT and 2,6-DNT was applied to the skin of rabbits
in a series of 10 doses over a two week period and no cumulative

toxicity was found (U.S. EPA, 1976).
VI. EXISTING GUIDELINES

The OSHA standard for 2,6-DNT in air is a time-weighted

average of 1.5 mg/m3 (39 FR 23540).
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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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DI-n-OCTYL PHTHALATE

Summary

Di-n-octyl phthalate has produced teratogenic effects following
i.p. injection of pregnant rats. This same study has also indicated
some increasgd resorptions and fetal toxicity.

Evidgnee is not available indicating mutagenic or carcinpgenic
effacts of di-n-octyl phthalate.

Data pe;taining to the aquatic toxicity of di-n-octyl phthalate

is not available..
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DI-n-OCTYL PHTHALATE

I. INTRODUCTION

This profile is based on the Ambient Water Quality Criteria Document
for Phthalate Esters (U.S. EPA, 1979%a).

Di-n-octyl phthalate (DOP) is a diester of the ortho form of
benzene dicarboxylic acid. The compound has a molecular weight of
391.0, specific gravity of 0.978, boiling point of 2209C at 5 mm Hg,
and is insoluble in water.

DOP is used as a plasticizer in the production of certain plastics.

Current Production: 5.8 x 103 tons/year in 1977 (U.S. EPA, 1979a).

Phthalates have been detected in soil, air, and water samﬁles; in
animal and human tissues, and in certain vegetation. Evidence from in
vitro studies indicates that certain ba;terial flora may be capable of
metabolizing DOP ﬁo the monoester form (Engelhardt, et al. 1975). For
additional information regarding the phthalateAesters in general, the

reader is refer?ed to the EPA/ECAQ Hazard Profile on Phthalate Esters

“(U.S. EPA 1979b).

II. EXPOSURE

Phthalate esters appear in all areas of the environment. Environmental
release of phthalétes may occur through leaching of the compound from
plasties, volatilization from plastics, or the incineration of plastic
items. Sources of human exposure to phthalates include contaminated
foods and fish, dermal application, and parenterél administration by
use of plastic blood bags, tubings, and infusion devices (mainly DEHP
release). Relevant factérs in the migrétion of phthalate esters from
packaging materials to food and beverages are: temperature, surface
area contact, lipoidal nature of the food, and length of contact (U.S.

EPA, 197%a).
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Monitoring studies pave indicated that most water phthalate concentrations
are in the ppm range, or 1-2 ug/liter (U.S. EPA, 1979a). Industrial
air monitoring studies have measured air levels of phthalates {rom 1.7
to 66 mg/m3-(Milkov, et al. 1973).

Information on levels of DOP in foods is not available. Bio-
concentration factor is not available for DOP.

ITI. PHARMACCKINETICS

Specific information could not be located on the absorption,
distribution, metabolism, or excretion of DOP. The reader is referred
to a general coverage of phthalate metabolism (U.S. EPA, 1979b).

Iv. EFFECTS.
A. Carcinogenicity
Pertinent data could not be located in the avaiiable'literature.
B. Mutagenicity

Pertinent data could not be located in the available literature.

c. Teratogenicity
Administration of DOP to pregnant rats by i.p. injection has
been reported to produce some teratogenic effects, although less so
than several other phthalates tested (Sihgh, et al. 1972).
D. Other Reproductive Effects
An increased incidence of resorption and fetal toxicity was
produced following i.p. injection of pregnant rats withLQOP (Singh, =t
al. 1972).
E. Chronic Toxicity

2ertinent data could not be located in the available literature.

A
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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 (1979a), which are summarized below, have gone through the process
of publie review; therefore, there is a possibility that these criteria
will be changed.

A. Human

Pertinent data concerning the acceptable daily intake
(ADI) level in humans of DOP could not be located in the available

literature.

ﬁecommended water quality eriterion level for protection
of human health is not available for DOP.
B. Aquatie
Pertinent data is no; available pertaining to the aquatic
¥toxicity of di-d-octyl phthalate; therefore, no criterion could be

drafted.
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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
l,2-diphenylhydrazine and has found sufficient evidence to

indicate that this compound is carcinogenic.



1,2-DIPHENYLHYDRAZINE
Summary

The adverse effects of exposire to l,2-diphenylhydrazine in-
clude damage to both the kidney and liver. Acute LD=, values have
ranged from 300 to 960 mg/kg in experimentally dosed rats. No data
concerning the absorpticn, distribution, or excretion of the 1,2-
diphenylhydrazine have been generated. Benzidine has been identi-
fied as a metabolite in‘uriné of rats exposed to the chemical.
Diphenylhydrazine is carcinogenic in both sexes of rats and in fe-
male nmice.

The only aquatic toxicity daté_for diphenylhydrazine are for
freshwater organisms. Acute toxicity levels of 270 and 4,100 pg/i

were reported for bluegill and Daphnia magna, respectively, and a

single chronic value of 251 pg/l was reported for Daphnia magna.



1,2-DIPHENYLHYDRAZINE
I. INTRODUCTION

This profile is based primarily on the Ambient Water Quality
Criteria Document for Diphenylhydrazine.

Diphenylhydrazine (DPH) has a molecular weight of 184.24, a
melting point of 131°C and a boiling point of 220°C.. DPH is slight-
ly soluble in water and is very soluble in benzene, ether and
alcohol.

The symmetrical isomer of diphenylhydrazine, 1,2-diphenyl-
hydrazine is used in the synthesis of benzidine for use inidyes,
and in the synthesis of phenylbutazone, an anti-arthritic drug.

The reported commercial production of more than 1000 pounds
annually, as of 1977, is most likely an underestimation of the
total amount of diphenylhydrazine available. Diphenylhydrazine i's
produced Ain several synthetic processes as an intermediate and a
contaminant, but there is no way of estimating these substantial
guantities.

II. EXPOSURE

A. Water

The highest reported concentration of 1,2-diphenylhydra-
zine in drinking water is one Pg/l (U.S. EPA, 1975).

B. Food ‘

The U.S. EPA (1979) has estimated the weighted avefage
bioconcentration factor for diphenylhydra;ine éb pe 29 for the
edible portions of fish and shellfish consumed by Americans. This
estimate is based on the octancl/water partition coefficient of

diphenylhydrazine.
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C. Inhalatién
Pertinent data could not be located in the available
literature.
III. PHARMACOKINETICS
Pertinent information could not be located in the available
literature regarding absorption, distribution and excretion.
A. Metabolism
- Various metabélfﬁes, includiﬂg the known carcinogen ben-
zidine, have been identified in the urine of rats. 1l,2-Diphenylhy-
drazine was administered orally (200,400 mg/kg), intraperitoneally
(200 mg/kg), intratracheally (5,10 mg/kg) and intravenously (4,8
mg/kg). The metabolites detected were not dependept upon the base
or route of administration (Williams, 1959). | :
IV. EFFECTS
A. Carcinogenicity
Diphenylhydrazine has been identified as produéing
significant increases in hepafocellular carcinoma at 35 pg/kg/day
and 18.8 pg/kg/day in both sexes of rats; Zymbal's gland squamous-
cell tumors in male rats at 18.8 ug/kg/day; neoplastic liver
nodules in female rates at 7.5 pg/kg/day; and hepatocellular
carcinomas in female mice at 3.75 pg/kg/day (NCI, 1978). Diphenyl-
hydrazine was not carcinogenic in male mice.
B. Mutagenicity ..
No microbial mutagenetic assays with“or without metabolic
activation have been conducted on diphenylhydrazine. An intraperi-
toneal dose of 100 mg/kg had an inhibitory effect on the incoréora—
tion of (BH)~thymidine into testicular DNA of experimental mice
(Sieler, 1377).
Z
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C. Teratogenicity
Pertinent information could not be located in the avail?
able literature.
D. Toxicity
One study reported an LDg, of 959 mg/kg for male rats ad-
ministered DPH as a five percent solution. In the Registry of
quic Effects.of Chemical Substances, the oral LDz, is listed as
301 mg/kg. Neoplasms resulted in rats after 52 weeks with a total
dose of 16~ g/kg DPH administered subcutaneously. In 2 mice
studies, neoplasms resulted after 25 weeks with topical application
of 5280 mg/kg and after 38 weeks with subcutaneous injection of
8400 mg/kg DPH. Liver and kidney~9amage have been implicated in
the adverse effects of diphenylhydrazine chronically administereq
to rats. No experimental or epidemiological studies have béen con-
ducted on the effects of diphenylhydrazine in humans.
v. AQUATIC TOXICITY
A. Acute
Ninety-six-hour LCSO values for freshwater organisms

have been reported as 270 pg/l for the bluegill, Lepomis macro-

chirus, and the 48-hour LC50 for the cladoceran, Daphnia magna,

is 4,100 pg/l1 (U.S. EPA, 1978). No toxicity data for marine
animals could be located in the available literature.
B. Chronic B

A chronic value of 251 pg/l has been obtained for the

freshwater cladoceran, Daphnia Magna (U.S. EPA, 1978). No chronic

tests of diphenylhydrazine are available for marine organisms.



c. Plants
Pertinent data could not be located in the available
literature.
D.. Residues
Based on the octanol/water partition coefficient of 870
for 1,2-diphenylhydrazine, a biocconcentration factor of 100 has
been estimated for aquatic organisms with a lipid content of 8 per-
cent.
'~ 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 proceés of public review; therefore, there is a possibility
that these criteria may be changed. :
A. Humans
No standards were found for humans exposed to diphenylhy-
drazine in occupational or ambient settings.

Recommended draft criteria for the protection of hHuman

health are as follows:

Exposure Assumptions Risk Levels and Corresvonding Criteria
o 107 107 107
2 liters of drinking water 0O 4 ng/1l 40 ng/l 400 ng/l

and consumption of 18.7
grams fish and shellfish (2) .

Consumption of fish and o .019 Hg/1 0-19 ng 1.9 A8/l
shellfish only.
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B. Aquatic
Criterion to protect freshwater aquatic life from toxic
effects of Qiphenylhydrazine have been drafted as a 24-hour aver-
age concentration of 17 Pg/l and not to exceed 38 ug/l at any

time.

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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Mention of trade names or commercial products does not constitute
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OISULFOTON

Summary

Disulfoten is a highly toxic organophosphorous insecticide used on many
agricultural Eropé. The human oral I.DLO is estimated at 5 mg/kg oody
weignt. Exposure results in Eentral nervous system toxicity. The I_D50
for several animal species ranges from 3.2 to 6 mg/kg. Carcinogenic, muta-
genic, and teratogenic studies were not found in the available literature.
The occupational threshold limit value for disulfoton is 10 pg/m>,  Allow-
able residue tolerances for agricultural commoditieé range from 0.3 to 11.0
ppm. .

Although disulfoton is considered toxic to aquatic organisms, specific

studies on aquatic toxicity were not located in the available literature.



I. INTRODUCTION

| Disulfoton is a highly toxic organophosphorous insecticide used in
agriculture to control mainly sucking insects such as aphids and plantfeed-
ing mites. Small amounts are used on home plants and gardens in the form of
dry granulés with low content of active ingredient (u.S. EPA, 1974). Disul-
foton was introduced in 1956 by Bayer Leverkusen (Martin and Worthing,
1974), and today it is produced by only one U.S. manufacturer, Mobay Chemi-
cal Corporation, at its Chemdgrd Agricultural Divisioﬁ in Kansas City, Mis-
souri (Stanford Research Institute (SRi), 1977). An estimated 4500 tonnes
were -produced in 1974 (SRI, 1977). ODisulfoton is magé by interaction of
O;O—diethyl hydrogen phosphorodithicate and 2-(2-ethylthio)ethylchloride
(Martin and Worthing, 1974). Disulfoton is slightly soluble in water and
readily soluble in most organics. Its overall degradation constant is
0.02/day. Disulfoton has a bioconcentration factor of 1.91 and an octanol/
water partition coefficient of 1.0 (see Table 1).
II. EXPOSURE "

A. Water

Disulfoton concentrations are highest during the production pro-
cess. Concentrated liquid wastes are barged to sea (150-200 mi; 240-320
km), and siudge wastes are disposed in landfills.

Agricultural application rates normally range from 0.25 to 1.0
1b/acre (0.28-1.1 kg/ha); to a maximum of 5.0 lb/acre (5.5 kg/ha) for some
uses. Target crops include small grains, sorgum, corn, cotton, other field
crops; some vegetable, fruit and nut crops; ornamentals (Fairchild, 1977).

Disulfoton is considered stable in groundwateT. Less than 10 per-

cent is estimated to decompose in five days (equivalent to 50-250 mi; 80-400

¥
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TABLE 1. PHYSICAL AND CHEMICAL PROPERTIES OF DISULFOTON

Synonyms: Q,0-0lethyl S-(2-(ethylthio)ethyl) phosphorogithioate;
0,0-0iethyl S-(2-(ethylthio)ethyl) dithiophosphate; Thiodemeton;
Frumin; Glebofos; Ethylthiometon B; VUAGT 1964; Di-Syston G;
Disipton; ENT-23437; Ethyl thiometon; VUAQT l-4; Bay 19639; M 74
(pesticide]; Ekatin TD; CAS Red. No. 298-04-4; M 74 (VAN); Bayer
19639; 0Di-Syston; Oithiocdemeton; Oithiosystox; Solvirex; Frumin
AL; Frumin G

Structural Formula: (CoHsQ)o(P=S)SCHRCHRSCoHS
Molecular Wweight: 274.4 . '

Description: Colorless o0il; technical product is a dark yellowisn oil;
readily soluble in most organics

20
4

Melting and/or Boiling Points: bp 629C at 0.0l mm Hg

Specific Gravity and/or Density:, d = 1.144

Stability: Relatively stable fo hydrolysis at pH belaow 8
Overall degradation rate constant (0.02/day)

Solubility (water): 25 ppm at room temp.'
sediment . .5
HxG 1
Vapor Pressure: 1.8 x l0-4 mm Hg at 20°C

Bioconcentration Factor (8CF) and/or
Octanol/water partition coefficient (Kgy): * Kow
8CrF

o
I
O\

Source: Martin and Worthing, 1974; Fairchild, 1977; windholz, 1976;
U.S. EPA, 1980; Berg, et al. 1977.
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km) in a river environment. Decomposition in a lake environment is estimat-
ed to be near 90 percent in one year (U.S. EPA 198Q). = e
B. Food

In a'study by van Dyk and Krause (1978), disulfoton was applied as
a granular formulation at 2 Q/m length in rows during cabbage planting (5
percent active ingredients, rows one meter apart, plants 0.5 meters apart).
The disulfoton sulphone concentration reached a maximum in 18 to 32 days and
decreased to between 0.3 and-6.4 mg/kg 52 days after application. The cab-
bage residue of disulfoton at harvest time was below the maximum limit of
0.5 mg/kg. i

Disulfqton appiied at about 1.5 kg/10 cm-ha (hectare slice) per-
sisted for the first week, and residue levels declined slowly the following

week, After one month, only 20 percent of the amount applied was found.

Disulfoton was not found to translocate into edible parts of - lettuce,

onions, and carrots (less than 5 ppb), but was present at about 20 ppb in

the root system of lettuce (Belanger and Hamilton, 1979).
C. Inhalation and Dermal

Data are not available indicating the number of people subject to
inhalation or dermal exposure to disulfoton. The primary human exposure
would appear to occur duriné production and applicatioag ;Béunu:gj'_ééh
(1976) listed the frequency of illness, by occupational groups caused by
exposure to organophosphorous pesticides. In 1157 reported cases, most ill-
nesses occurred among ground applicators (229) and mixer/loaders (142); the
lack of or refusal to use safety equipment, was a ﬁajor factor of this con-
tamination. Other groups affected were gardeners (10{), field workers ex-

posed to pesticide residues (117),-nursery and greenhouse workers (75), soil

fumigators in agriculture (29), equipment cleaners and mechanics (28), trac-
7

s
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tor drivers and irrigators (23), workers exposad to pesticide drift (22),
.pilots (crop dusters) (17), and flaggers for aerial application (6). Most
illnesses were ; result of carelessness, lack of knowledge of the hazards,
and/or lack of safety equipment. Under dry, hot conditicns, workers tended
not to wear prﬁtective clothing. Such conditions also.tenaéd to increase
pesticide levels and dust on the crops.
III. PHARMACOKINETICS

A. Absarption, Distributicon, and Excretion

Pertinent data could not be lacated in the available literature.

8. Metabolism .

Oisulfoton is metabolized in plants tao sulfoxide and sulfone and
the corresponding derivatives of the phosphorothicate and demeton-S. This
is also the probable route in animals (Martin and weorthing, 1974; Menzie
1974; Fairchild, 1577). ‘

IV. EFFECTS
A. Carcinogenicity, Mutagenicity and Teratogenicity
Pertinent data could not be located in the available literature.
8. Chronic Toxicity and Other Relevant Information

Disulfoton is highly toxic to all terrestrial and aquatic fauna.
Human oral LD = is estimated to be 5 mg disulfoton per kilogram bogy
weight (5 mg/kg). The symptoms produced by sublethal doses are typical of
central and peripheral nervous-system toxicity (Gleason, et al. 1969). The

reported LDy concentrations for other species are summarized below (Fair-
child, 1977).



Species Exposure Route EQSO (ﬁg/kg)

rat oral 5
rat dermal 6
fat . intraperitoneal 5.4
rat intravenous ' 5.5
mouse oral 5.5
mouse intraperitoneal 7
bird _ oral 3.2

Rats survived for 60 days at 0.5 mg/kg/day (Martin and Wworthing 1974). The
no-effect level in the diet was 2 ppm for rats and 1 ppm for dogs (Fair-
child, 1977). '

In rats, single injections of l.i mg disulfoton per kg body weight
caused 14 percent reductions of hippocampal norepinephrine within 3 hours of
exposure. Norepinephrine returned to control levels within 5 days (Holt and
Hawkins, 1978). In female chicks administered with disulfoton intraperito-
neally (single dose 8.6 mg/kg), the total lipid content of tne sciatic
nerve, kidney and skeletal muscles increased whereas that of the brain and
spinal cord remained the same or decreased. When female chicks were orally
administered with disulfoton (0.29 mg/kg daily for 71 days), the total lipid
content in all the organs except the liver and sciatic nerves decreased.
Although degenerative changes were indicated in both exposure studies, no
adverse, effect on the growth of chicks was noted (Gopel and Ahuja, 1979).

Disulfoton applied at 1 to 1.5 kg/ha very markedly decreased the
populations of soil bacteria (Tiwari, et al. l977).A‘

V. AQUATIC TOXICITY

e 96-hour TL~ (equivalent to a 96-hour LCsg) for fathead

minnows was found to be 2.6 mg/l in hard water and 3.7 mg/l in soft water.

p1

22
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Both tests were conducted at 25°C. The corresponding value for bluegills
is estimated to be 0.07 mg/1l (McKee and Weolf, 1963).
VI. EXISTING GUIDELINES AND STANDARDS

A. Human

The occupational threshold limit value for air has been estab-

lished as 1Q0 ug/ms. Established residue tolerance for crops range from

0.3 to 12.0 ppm; Q.75 ppm for most (Fairchild, 1977).

8. Aquatic

Pertinent data could not be located 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. ‘



ENDOSULFAN
Summary

Endosulfan is an insecticide and is a member of the organochlorocyclo-
diene insescticides. &ndosulfan does not appear to be carcinogenic, mutagen-
ic or teratogenic. In humans, chronic toxic effects have not been observed
when endosulfan has been properly handled occupaticnally. Chronic feeding
of endosulfan to rats and mice produced kidney damage, parathyroid hyperpla-
sia, testicular atrophy, hydfopic change of the liver, and lowered survival.
Oral administratiﬁn of endosulfan to pregnant rats increased fetal mortality
and resorptions. Sterility can be induced in embryos in sprayed bird eggs.
At very high levels of acute exposure, endosulfan is toxic to the central
nervous system. The U.S. EPA has qalcu{ated an ADI of 0.28 mg based onm &
NCAEL of 0.4 mg/kg for mice in a chronic feeding study. The ADI establishedf:
by the Food and Agricultural Organization (1975) and World Health Qrganiza-

tion is 0.0075 mg/kg.

Ninety-six hour LC.. values ranged from 0.3 to 11.0 pg/l for five

S0
freshwater fish; from 0.09 to 0.6 Hg/l for five saltwater fish in 48+ or 96-
hour tests; from 0.04 to 380 ug/l (ECSO and LCSO> for seven saltwater

invertebrate species; and from 62 to 166 ug/l for Daphnia magna (48-hour

LCSO)‘ In the only chronic aquatic stﬁdy involving endosulfan, no adverse

effects on fathead minnows were observed at 0.20 pg/l.



I. INTRODUCTION

Endosulfan (6,7,8,9,10,10-hexachloro-1, 5, 5a, 6,9, 9a-hexahydro-6, 9-
methano-2, 4, 3-benzodioxathiepin-3-oxide; C9C16H603S; molecular
weight 406.95) is a light to dark brown crystalline solid with a terpene-
like ddor. Endosulfan is a broad spectrum insecticide of the group of poly-
cyclic chlorinated hydrocarbons called cyclodiene insecticides. It also has

> mm Hg at &0

uses as an acaricite. It has a vapor pressure of 9 x 107
degrees centigrade. It exhibits a solubility in water of 60 to 150 ug/l and
is readily soluble in organic solvents (U.S. EPA, 1979). The trade names of
endosulfan include Beosit, Chlorithiepin, Cyclodan, Insectophene, Kop-Thio-
dan, Malix, Thifér, Thisnuml, Thioden, and Thionex (Berg, 1976).

Technical grade endosulfan has a purity of 95 percent and is composed
of a mixture of two stereoisomers. referred to as alpha-endosulfan and beta- K
endosulfan or I and II. These isdmers are present inm a ratio of 70 parts
alpha-endosulfan to 30 parts beta-endosulfan. Impurities cons}st mainly of
the degradation products and may not exceed 2 percent endosulfandiol and 1
pércent endosulfan ether (U.S. EPA, 1979).

Production: three million pounds in 1974 (U.S. EPA, 1979).

Endosulfan is presently on the Environmental Protection Agency's re-
stricted list. However, significant commercial use for insect control on
vegetables, fruits, and tobacco continues (U.S. EPA, 1979).

Endosulfan is stable to sunlight but is susceptible to oxidation and
the formation of endosulfan sulfate ib the presence of growing vegetatiaon
(Cassil and Drummond, 1965). Endosulfan is readily ad$orbed and absorbed by
sediments (U.S. EPA, 1979). It is metabolically converted by microorgan-
isms, plants, and animals to endosulfan sulfate, endosulfandiol, endosuifan

ether, endosulfan hydroxyether and endosulfan lactone (Martens, 1976; Chopra

#,.gl .
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and Mahfouz, 1977; Gorbach, et al. 1968; Miles and Moy, 1979).. The end-pro-
duct, endosulfan lactone, disappears quickly once formed. Accumulation of
endosulfan sulfate may be favored in acidic socils (Miles and Moy, 1979).
II. EXPOSURE
A. Water

Endosulfan has been detected in water samples from some of the
streams, rivers, and lakes in the United States and Canada and in Ontaric
municipal water supplies. The maximum concentration of endosulfan monitored
in ‘municipal water was 0.083 ug/l, which was found in Ontario municipal
water samples but 68 ug/l has been measured in irrigation run-off (U.S. EPA,
1979). Endosulfén contamination of water results from agricultural runof?f,
industrial effluents, and spills. One serious accidental industrial dis-
charge in Gemmany in 1969 caused a massive fishkill in the Rhine River.
Most of the river water samples contained less than 500 ng/l endosulfan.
Residues in run-éff water frmﬁ sprayed fields can be as high as 220 ug/l
(U.S. EPA, 1979).

8. Food

An average daily intake (ADI) less than or equal to 0.001 mg of
endosulfan and endosulfan sulfate was estimated for 1965-1970 from the mar-
ket basket study of the FDA (Duggan and Cormeliussen, 1972). The U.S. EPA
(1879) has estimated the weighted average bioconcentration factor for endo-
sulfan to be 28 for the edible portions of fish and shellfish consumed by
Americans. This estimate is based on measured steady-state- bioconcentration
studies with mussels. The processing of leafy vegetables causes endosulfan

residues to declire from 11 ug/kg to 6 pg/kg (Cormeliussen, 1970).
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C. Inhalation
In 1970, air samples from 16 states showed an average level of 13.0

3 alpha-endosulfan and 0.2 ng/m3 beta-endosulfan. None of the air

ng/m
samplés collected in 1971 or 1972 contained detectable levels of either iso-
mer (Lee, 1976). Endosulfan residues (endosulfan and endosulfan sulfate)
have been detected in most types of U.S. tobacco products in recent years
(U.S. EPA, 1979). Average residue levels range from 0.12 mg/kg to 0.83
mg/kg for 1971-1973 (Domanski, et al. 1973,1974; Oorough and Gibson, 1972)..
The extent tao which endosulfan residues in tobacco products contribute to
human exposure is not known. Spray operators can be exposed up to S50
)Jg/hour of endosulfan from a usual application of a 0.08 percent spray
(Wolfe, et al. 1972). Non-target deposftion on untreated plants after.
spraying may lead to residues of up to 679 pgskg (Keil, 1972).
D. Dermal

'wOlfe, et al. (1972) estimated that sprayers applying a 0.08 per-
cent aqueous solution are exposed dermally -to 0.6 to 98.3 mg/hour. Endosul-
fan can persist on the hands for 1 to 112 days after exposure (Kazen, et al.
1974).
III. PHARMACOKINETICS

A. Absorption

Undiluted endosulfan is slowly and incompletely absorbed from the
mammalian gastointestinal tract, whereas endosulfan dissolved in céttonseed_
0il is readily though not completely absorbed (Boyd and Oobgs, 1969; Maier-
Bode, 1968). The beta-isomer is more readily absorbed than the alphaisomer.
Alcohols, oils, and emulsifiers accelerate the absorption of endosulfan by
the skin (Maier-Bode, 1968). Inhalation is not considered to be an impo;-
tant route of absorption for endosulfan except in spray operators (U.S. EFA,

1979).
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8. Oistribution

After ingestion by experimental animals, endosulfan is first dis-
tributed to the liver and then to the other organs of the body and the re-
mainder of the 'gastrpintestinal tract (Boyd and Oobos, 1969; Maier-8ode,
1968). In cats, endosulfan levels peaked in brain, liver, spinal cord and
plasma, with the brain and liver retaining the highest concentrations after
administration of a 3 mgs/kg dose (Khanna, et al. 1979).

In mice, 24 hours after oral administration of laC-endcéulfan,
residues were detected in fat, liver, kidrey, brain, and blood (Deema, et
al. 1968).

Data from autopsies of three suicides show levels of endosulfan in
brain which wers much lower than those in liver and kidney, which in turn,
were lower than levels in blood (Coutselinis, et al. 1978). Data from an-
other suicide indicate higher levels of endosulfan in liver and kidneys than
in blood (Demeter, et al. 1977).

C. Metabolism

Endosulfan sulfate is the metabolite most commonly present in tis-
sues, feces, and milk of mammals after administration of endosulfén (Whit-
acre, 1570; Demma, et al. 1966; FMC, 1963). The largest amounts of endosul-
fan sulfate are found in small intestine and visceral fat with only traces
in skeletal muscle and kidney (Desma, et al. 1966). Endosulfan sulfate has
been detected in the brains of two humans who committed suicide by ingesting
endosulfan (Demeter and Heyndrickx, 1978), but not--in the. brains of mice
given nonfatal doses of endosulfan. However, it has beeﬁ detected in liver,
visceral fat and small intestines of mice (Deema, et al. 1966). Other metz-
bolites of endosulfan are endosulfan lactone, endosulfandiol, endosulfan hy-
droxyether, and endosulfan ether (Knowles, 1574; Menzie, 1974). These meta-

bolites have also been found in microorganisms and plants (U.S. EPA, 1979).
e



0. Excretion
The principal route of excretion for endosulfan and endosulfan sul-

fate is in the feces (U.S. EPA, 1979). Other metabolites are also excreted
in the feces and to a small extent in the urine, the metabolites in the lat-
ter being mainly in the form of endosulfan alcohol (U.S. EPA, 1979). In
studies with sheep receiving a single oral dose of radiolabeled endosulfan,
92 percent of the dose was eliminated in 22 days. The organ with the high-
est concentration of radioclabeled endosulfan after 40 days was the Lliver.
Major metabolites did not persist in the fat or in the organs (Gorbach, et
al. 1968). After a single oral dose, the half-life of radiolabeled endosul-
fan in the fecés and urine of sheep was approximately two days (Kloss, et
al. 1966). Following 14 days of dietary exposure of female rats, the half-
life of endosulfan residues was approximately seven days (Do:ough, et al.:
1978).
IV. EFFECTS

A, Carcinogenicity

In bioassays on both mice and rats, orally administered endosulfan

was not carcinogenic even though doses were high enough to produce symptoms
of toxicity (Kotin, et al. 1968; Innes, et al. 1969; Weisburger, et al.
1978).

B. Mutagenicity

Data from assays with Salmonella typhimurium (with and without mi-

crosomal activation) (Dorough, et al. 1978), Saccharomyces. cerevisiae, Esch-

ericia coli, and Serratia marcescens (Fahrig, 1974) indicate that endosulfan

is not mutagenic.
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C. Teratogenicity
Endosulfan did not produce teratogenic effects in rats (Gupta,
1978).
D. Other Reproductive Effects
In rats, endosulfan produced dose-related increases in maternal
toxicity and caused increases in fetal mortality and. resorptions (Gupta, .
1978). Doses of 100 mg/kg reduce hatchability of fertile white leghorn
chicken eggs by 54 percent, but this was dependent on carrier (Dunachie and

Fletcher, 196%9). Alterations in the gonads of the embryos within sprayed

hens' eggs were noted and the progeny of hens and qﬂails, Coturnix Coturnix
japonica, were sterile (U.S. EPA, 1979).
€. Chronic Taxicity .

In the NCI bioassays (Kotin, et al. 1968; Weisberger, et al. 1978)
endaosulfan was toxic to the kidneys of rats of both sexes, and to the kid-
neys of male mice. Qther signs of toxicity were parathyroid hyperplasia,
testicular atrophy in male rats, and high early death rates in male mice.
| In a two-year feeding study with rats (Hazelton Laboratories,
1959), endosulfan at 10 mg/kg diet reduced testis weight in males and low=~
ered survival in females; at 100 mg/kg diet, remal tubular damage and scme
hydropic changes in the liver were induced.

In humans, there has been an absence of toxic effects with proper

handling of endosulfan in the occupational setting (Hoechst, 1966).

-

F. Other Relevant Information

The acute toxicity of endosulfan sulfate is about the same as that

of endosulfan. The LD,J.O for technical endosulfan in rats is ~ 22 to 46
mg/kg and 6;9 to 7.5 mgs/kg in mice (Gupta, 1976). Reagent grade a- and B-

endosulfan are less toxic to rats (76 and 240 mg/kg, respectively; Hoechst,

S aa A
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1967). The inhalation 4-hour LCSO values for rats have been reported as
350 and 80 ug/l for males and females, respectively (Ely, et al. 1967).
Acute toxicities of other metabolites (endosulfan lactone, endosulfandiol,
" endosulfan hydroxyether and endosulfan ether) are less than that of the
parent compound (Dorough, et al. 1978).

At very high levels of acute exposure, endosulfan is toxic to the
central nervous system (U.S. EPA, 1979). Endosulfan is a convulsant and
causes fainting, tremors, mental confusion, irritability, difficulty in uri-
nation, loss of memory and impairment of visual-motor coordination. Acute
intoxification can be relieved by diazepam but chronic effects are manifest-
ed in central nervous system disorders (Aleksandrowicz, 1979).

There appear to be sex differences (see previous Chronic Toxicity

" section) and species differences in sensitivity to endosulfan. Of the-spe-'f

cies tested with endosulfan, cattle are the most sensitive to the neurotoxic
effects of endosulfan and appear to be closer in sensitivity to humans.
Dermal toxicity of endosulfan-sprayed cattle is also high. Typical symptoms
‘are listlessness, blind staggers, restlessness, hyperexcitability, muscular
spasms, goose-stepping and convulsions (U.S. EPA, 1979).

" Endosulfan is a nonspecific inducer of drug metabolizing enzymes
(Agarwal, et al. 1978). Protein deficient rats are somewhat more suscepti-
ble to the toxic effects of endosulfan than controls (Boyd and Oobos, 1969;
Boyd, et al. 1970).

V. AQUATIC TOXICITY
A. Acute Toxicity
Ninety-six hour LCSO values, using technical grade endosulfan,

for five species of freshwater fish range from 0.3 pg/l for the rainbow

trout, Salmo gairdneri, (Macek, et al. 1969) to 11.0 pg/l for carp finger-

_ 7
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lings, Cyprinus carpioc (Macek, et al. 1969; Schoettger, 1570; Ludemamn apd-.

Neumann, 1960; Pickering and Henderson, 1966). Among freshwater invertee

brates, Daphnia maana is reported to have 48<hour LC50 values ranging from

62 to 166 ug/l" (Macek, et al. 1976; Schoettger, 1970), with three other in-
vertebrates yielding 9é-hour LCgq values of 2.3 (Sanders and Cope, 1968)
to 107 pg/l (Sanders, 1969; Schoettger, 1970). Levels of 400 and 800 ng/l
of technical endosulfan damaged the kidrey, liver, _stp_mach and intestine of

Gymonocorymbus ternetzi. The 96-hour Lley value was 1.6 pg/l- (Amminikutty.--

”

and Rege, 1977,1578).

) 'Of the five saltwater fish species tested, the reported 48- or 96-
hour LCqq valueé ranged from 0.09 (Schimmel, et al. 1977) to 0.6 pg/l
(Butler, 1963,1964; Kom and Earnest, 1974; Schimmel, et al. 1977). The

most sensitive species was the spot (Leiostomus xanthurus).

The seven saltwater invertebrate species tested showed a wide range
of sensitivity to endosulfan. The range of ECSO and Lt‘.‘,j0 values is from
0.04 (Schimmel, et al. 1977) to 380 ug/l with the most sensitive species be-

ing the pink shrimp (Penaeus duorarum).

8. Chronic Toxicity
Macek, et al. (1976) provided the only aquatic chronic study in-

volving endosulfan. No adverse effects on fathead minnow, Pimephales orome-

las, parents or offspring were abserved at 0.20 ug/l. Gymonocorvmbus ter-

netzi chronically exposed to 400 and 530 ng/l for 16 weeks evinced necrosis
of intestinal mucosa cells, ruptured hepatic cells-and destruction of pan-
creatic islet cells (Amminikutty and Rege, 1977,1978).
C. Plant Effects
Little data is available concerning the effects of endosulfan on

aquatic micro/macrophytes. Growth of Chlorella wulgaris was inhibited

> 2000 g/l (Knau'f and Schulze, 1973).
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D. Residues

Schimmel, et al. (1977) studied the uptake, depuration, and metabo-

lism of endosulfan by the étriped mﬁllet, Mugil cephalus. When the--eoncen- -
trations of endasuli;;ﬁs I and II and endosulfan sulfate were .combined to
determine the bioconcentration factor (BCF), an average whole-body BCF of
1,597 was obtained. Nearly all the endosulfan was in the form of the sul-
fate. Even though the duration of the study was 28 days, this investigator
questioned whether' a steady-state condition was reached. Complete-depurg=-——-
tion occurred in just twoAdays in an endosulfan~free enviromment. Residues
in pond sediments may be as high as 50 pg/kg B-endosulfan and 70 ug/kg of
endosulfan sulfate.ZBO days after insecticidal endosulfan application (FMC,
1971). .
Dislodgable fesidues on cotton foliage in Arizona declined to 10
percent and one-third for the low-melting. and high-melting isomers, respec-
tively, 24 hours affer application of 1.1 kg/ha endosulfan. However, though
residues had declined to 4 percent and 1l percent respectively, 4 days after
application endosulfan sulfate residues on the leaves increased markedly to
.0.14 pg/en? (Estesen, 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 gone through the process of public
review; therefore, there is a possibility that these criteria will be -
changed. )
A. Human
The U.S. EPA (1979) has recommended a draft criterion for endosdl;
fan in ambient water of 0.1 mg/l based on an ADI of 0.28 mg/day. This ADI
was calculated from a NOAEL of 0.4 mg/kg obtained for mice in a chronic

feeding study (Weisburger, et al. 1978) and an uncertainty factor of 100.

ot
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The American Conference of Gaovermmental Industrial Hygienists
(ACGIH, 1977) TLV time weighted average for endosulfan is 0.1 mg/mj. The

tentative value for the TLY short-ferm exposure limit (15 minutes) is 0.3

mg/m3.

The ADI for endosulfan established by the Food and Agricultural
Organization and the World Health Organization is 7.5 pgskg (FAD, 1975).
B. Aquatic
For endosulfan, the draft criterion to protect frestwater aguatic
life is 0.042 pg/l in a 24~hour average and not to exceed 0.49 pg/l at any
time. Saltwater criteria cannot be developed because of insufficient data

(U.S. EPA, 1979).

e
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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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EN DRIN
SUMMARY )

Endrin does not appear to be carcinogenic. Endrin is
teratogenic and embroytoxic in high doses and produces gross
chromosomal abnormalities when administered intratesticu-
larly. Chronic administration of endrin causes damage to the
liver, lung, kidney, and heart of experimental animals. No
infbrmation about chronic effects in humans is available.

The ADI established by the Food and Agricultural Organization
and World Health Organization is 0.002 mg/kg.

Endrin has proven to be extremely toxic to aquatic orga=-
nisms. In general, marine fish are more sensitive to endrin
with an arithﬁetic Aean LC50 value of 0.73 ug/l, than
freshwater fish with an arithmetic mean LCg, value of
4,42 ug/1l. Invertebr&te species tend to be more resistant
than fish with arithmetic mean LCg, values of 3.80 and

58.91 ug/l for marine and freshwater invertebrates, respec-

tively.
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ENDRIN
I. INTRODUCTION

Endrin (molecular weight 374) is a broad spectrum insec-
ticide of~;he group of polycyclic chlorinated cyclodiene hy-
drocarbons of which the insecticides aldrin and dieldrin are
also members. Endrin is isomeric with dieldrin and is used
as a rodenticide and ovicide. The endrin sold in the U.S. is
a technical grade product containing nét less than 95 percent
active ingredlent. The solubility of endzin in water at 25°C
is about 200 ug/l1 (U.S. EPA, 1979). 1Its vapor pressure is 2
x 107 mm Hg at 25°C (Martin, 1971).

Endrin is used primarily as an insecticide and also as a
rodenticide and avicide. Over the past several years, endrin
utilization has been increasingly restricted (U.S. EPA, 1979.
Endrin production in 1978 was approximately 400,000 .pounds
(U.S. EPA, 1978). Endrin persists in the soil (U.S. EPA,
1979).

II. EXPOSURE
A. Water
Occasionally, groundwater may contain more than 0.1
ug/l. Levels as high as 3 ug/1 have been correlated with
precipitation and run off following endrin applications (U.S.

EPA, 1978).

Concentrations of endrin in finisheé'érinking water
have been decreasing. In a study of ten municipal water
reatment plants on the Mississippi or Missouri Rivers, the’
number of finished water samples containing concentrations of
endrin exceeding 0.1 ng/l decreased from ten percent in 1964-

T

X
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1965 to zero in 1966-1967 (Schafer, et al., 1969). The high-
est concentration of endrin in drinking water in New Orleans,
Louisiana measured by the U.S. EPA in 1974 was 4 ng/l1 (U.S.
EPA, 1974).

B. Food

The general population is rarely exposed to endrin
through the diet. 1In the market basket study by the FDA, the
total average daily intake from food ranged from approx imate-
ly 0.009 ug/kg body weight in 1965 to 0.000S.ug/kg body
weight in 1970 (Duggan and Lipscomb, 1969; Duggan and Corne-
liussen, 1952).

The U.S. EPA (1979) has estimated the weighted av-
erage bioconcentration factor of endrin at 1,900 for the edi-
ble portions of fish and shellfish consumed by Americans.
This estimate is based on measured steady-state bioconcentra-
tion studies in six species (both freshwater and saltwater).

c. Inhalation

Exposure of the general population to endrin via
the air decreased from a maximum level of 25.6 ug/m3 in
1971 to a maximum lével of 0.5 ug/m3 in 1975 (U.S. EPA,
1979).

Tobacco products are contaminated with endrin resi-
dues. Average endrin residues for various typee of tobacco
products have been reported in the range of '0.05 ug/g to 0.2
uwg/qg (Bowery, et al., 1959; Domanski and Guthrie, 1974). )

Inhalation exposure of users and manufactucers of
endrin sprays may be around 10 ug/hour (Wolfe, et al. 1967)
but use of dusts can produce levels as high as 0.41 mg/hour

(Wolfe, et al. 1963).

7
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D. Dérmal

Defmal exposure‘of spray operators can range up to
3 mg/body/hour even for operators wearing standard protective
clothing (Wolfe, et al. 1963, 1967). The spraying of dusts
can lead to exposures of up to 19 mg/hour (Wolfe, et al.
1963).

III. PHARMACOKINETICS
A. Absorption

Endrin is known to be absorbed th:§ugh the skin,
lungs, and gut, but data on the rates of absorption are not
available (U.S. EPA, 1979).

B. Distribution

Endrin is not stored in human tissues in signifi-
cant quantities. Residues were not detected in plasma, adi-
pose tissue, or urine of workers exposed to endrin (Hayes and
Curley, 1968). Measurable levels of endrin have not been de-
tected in human subcutaneous fat or blood, even in persons
living in areas where endrin is used extensively (U.S. EPA,
1979). Endrin residues have been detected in the body tis-
sues of humans only immediately after an acute exposure (U.S.
EPA, 1979; Coble, et al. 1967).

In a 128 day study, dogs were fed 0.1 mg/endrin/kg.
body weight/day. Concentrations of endrin in the tissues at
the end of the experiment were as follows: adipose tissue,
0.3 to 0.8 ug/g; heart, pancreas, and muscle, 0.3 ug/l;
liver, kidney and lungs, 0.077 to 0.085 ug/qg; blood, 0.002 éo
0.008 ug/g (Richardson, et al., 1967). In a six month feed-

ing study with dogs at endrin levels of 4 to 8 ppm in the



diet, concentrations of endrin were l.ug/g in fat, 1 ug/g in
liver, and 0.5 ug/g in kidney (Treon, et al.,. 1955).
c. Metabolism

In rats, endrin is readily metabolized in the liver
and excreted as hydrophilic metabolites including hydroxyen-
drins, and l2-ketoendrin (also known as 9-ketoendrin). Hy-
droxyendrins and especially 12—ké£§éhdrin have been reported
to be more acutely toxic to mammals tﬁan the parent compound
(Bedford, et al., 1975; Hutson, et al., 1975). The l1l2-keto-
endrin is also more persistent in tissues. Female rats me=-
tabolize endrin more slowly than males (Jager, 1970).

D. Excretion

Endrin is one of the least persistent chlorinated
hydrocarbon pesticides (U.S.. EPA, 1979). Body content of en-
drin declines fairly rapidly after a single dose or when a
continuous feeding experiment is terminated (Brooks, 1969).
In rats, endrin and its metabolites are primarily excreted
with the feces (Cole, et al., 1968; Jager, 1970). The major
metabolite in rats is anti-l2-hydroxyendrin which is excreted
in bile as the glucuronidé.. 12-Ketoendrin was observed as a
urinary metabolite in male rats; the major urinary metabolite
in female rats is anti-1l2-hydroxyendrin-O-sulfate (Hutson, et
al., 1975). )

In rabbits, excretion is primarily urinary. In fe-
males, endrin excretion also occurs through the milk. Al-
though endrin is rapidly eliminated from the body, some of '
itsxmetabolites may persist for longer periods of time (U.S.

EPA, 1979).

A

797



IV. EFFECTS
A. Carcincgenicity : -

In lifetime feeding studies with Osborne~Mendel
rats, endrin was neither tumorigenic nor carcinogenic (Deich=
mann, et al., 1970; Deichmann and MacDonald, 1971; Deichmann,
1972). A recent MCI biocassay concluded that endrin was not
carcinogenic for Osborne-Mendel rats or for B6C3Fl mice
(DHEW, 1979). However, a different conclusion has been
reached by Reuber (1979) based only on oné stuéy (National
Cancer Institute, 1977), compared with eight other inconclu-~
sive or unsatisfactory studies.

B. Mutagenicity

Endrin (1 mg/kg) administered intratesticulacly
caused chromosomal aberrations in germinal tissues of rats,
including stickiness, bizarre Eonfigurations, and abnormal
disjunction (Dikshith and Datta, 1972, 19739.

c. Teratogenicity

An increased incidence of club foot was found in
fetuses of mice that had been treated with endrin (0.58 mg/
kg) before becoming pregnant (Nodu, et al., 1972).

Treatment of pregnant'hamsters with endrin (5 mg/
kg) produced the following congenital abnormalities: open
eye, webbed foot, cleft palate, fused ribs, and meningoen~
cephalocele (Ottolenghi, et al., 1974; Chernoff, et al.,
1979). Treatment of pregnant mice with endrin (2-5 mg/kg).
produced open eye and cleft palate in the offspring (Otto-

lenghi, et al., 1974). Single doses which produced terato-

£
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genic effects in hamsters and mice were one-half the LDgj
in each species (Ottolenghi, et al., 1974).
D. Other Reproductive Effects

Endrin given to hamsters during gestation produced
behavioral effects in both dams and offspring (Gray, et al.,
1979). In another study endrin produced a high incidence of
fetal death and growth retardation (Otﬁolenghi, et al.,
1974). '

E. Chronic Toxicity

Mammals appeared to be sensitive to the toxic ef-
fects of endrin at low levels in their diet. Significant
mortality occurred in deer mice fed endrin at 2 mg/kg/day iq
the diet (Morris, 1968). The mice exhibited symptoms of CNS
toxicity including convulsions. Lifetime feeding of endrin
to rats at 12 mg/kg/day in the diet decreased viability and
produced moderate increases in congestion and focal hemor-
rhages of the lung; slight enlargment, congestion and mott-
ling of the liver, énd slight enlargement, discoloration or
congestion of the kidneys (Deichmann, et al., 1970). After'
19 months on diets containing 3 mg/kg/day endrin, dogs had
significantly enlarged kidneys and hearts (Treon, et al.,
1955).

Chronic administration of relatively §mall doses of
endrin to monkeys produced a characteristic.change in the
electroencephalogram (EEG); at higher doses, electrographic
seizures developed. EEG and behavior were still abnormal

three weeks after termination of endrin administration; sei-

S
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zures recurred under stress condition; months after termina-
tion of endrin administration (Revin, 1968). _
F. Other Relewvant Information

Endrin is more toxic, in both acute and chronic

studies, than other cyclodiene insecticides (U.S. EPA,

1979).

- | Female rats metabolize and eliminate endrin more
slowly than males (Jager, 1970) and are more sensitive to en-
dfin toxicity (U.S. EPA, 1979). Dogs and .monkeys are more
susceptible to endrin toxicity than other species (U.S. EPA,
1979).

Endrin, given in equitoxic doses with delnav, DDT,
or parathion gave lower than expected LDgy values, sug-
gestive of antagonism. Endrin given in equitoxic doses with
aldrin (a closely related compound) or chlordare gave higher
than expected LDgy values suggestive of synercgism (Kep-
linger and Deichmann, 1967). Humans poisoned acutely exhibit
convulsions, vomiting, abdeominal pain, nausea, dizziness,
mental confusion, muscle twitching and headache. Such symp-
toms have been elicited by doses as low as 0.2 mg/kg body
weight. Any deaths have usually occurred through respiratory
failure (Brooks, 1974).

V. AQUATIC TOXICITY
A. Acute .

The toxic effects of endrin have been extensively
studied in freshwater fish. LCgq values for static ’
biocassays ranged from 0.046 ug/l for carp fry (Cvprinus

carpio) f£cy to 140.00 ug/l for adult carp (Iyatomi, et al.,

/ -
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1958). Excluding the results of age factor differences for
this species, adjusted static LCgy values ranged from

0.27 ug/l for large mouth bass (Microptecus salmoides)

(Fabacler,.l976) to 8.25 ug/l for the bluegill (Lepomis

macrochirus) (Katz and Chadwick, 1961). The LCgqg values
for flow-through assays were 0.27 ug/l for the bluntnose

minnow (Pimeplales notatus) to 2.00 ug/l for the bluegill

(U.S. EPA, 1979). Twenty-five LCgy values for 17 species
of freshwater invertebrates were reported, and ranged from

0.25 ug/l for stoneflies (Pteronarcys californica) to 500.0

wg/l for the snail, (Physa gyrina) (U.S. EPA, 1979).

For marine fish, LCgqy Values ranged from 0.005

ug/l for the Atlantic silversides (Menidia menidia) (Eisler,

1970) to 3.1 ug/l for the northern puffer (Sphaeroides macu-

latus). A total of 17 species were tested in 33 bioassays.
The most sensitive marine invertebrate tested was the pink

shrimp, (Penaeus duordrum) with an LCgp value of 0.037

uwg/l, while the blue crab (Callinectes sapidus) was the most

resistant, with an LCgq of 25 ug/l.
B. Chronic
Freshwater fish chronic values of 0.187 ug/l and
0.257 ng/l were reported for fathead minnows (Pimephales
promelas) (Jarvinen and Tyo, 1978) and flagfishn(Jordaﬁella
floridae) Hermanutz, 1978), respectively, in life cycle
toxicity tests. No freshwater invertebrate species have bggn

chronically examined. The marine £fish, the sheepshead minnow

(Cyprinodon variegatus) has provided a chronic value of 0.19

ué/l from embryolarval tests (Hansen, et al., 1977). The

Wrene
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grass shrimp (Palaemcnetes pugio) must be exposed to less

than a chronic concentration of 0.038 ug/l for reproducéive
success of this marine invertebrate species (TylerShroeder,
in press).

c. Plants

Tox ic effects were elicited at concentrations for

_freshwater algae ranging from 475 ug/l for Anacystis nidu-

la;as (Batterton, 1971) to >20,000 ug/l for Scenedesmus quad-

ricauda and Oedogonium sp. Marine algae appeared more sensi-

tive wtth effective concentration ranging from 0.2 ug/l for

the algae, Agmenellum guadruplicatum (Batterton, 1978), to

1,000 ug/l for the algae Dunaliella tertiotecta (U.S. EPA,

1979).
D. Residues
Bioconcentration factors ranged from 140 to 222 in
four species of freshwater algae. Bioconcentratiqn factors

ranging from 1,640 for the channel catfish Ictalurus puncta-

tus (Argyle, et al. 1973) to 13,000 for the flagfish Jordan-

ella floridae (Hermanutz, 1978) have been cbtained. Among

four marine species, bioconcentratien factors ranging from
1,000 to 2,780 were observed for invertebrates and from 1,450
to 6,400 for marine fish. Residues as high as 0.5 ppm have

been found in the mosquito fish, Gambusia- affinis (Finley, et

al. 1970) and fish frequently have contained levels above 0.3
ppm (Jackson, 1976).
VI. EXISTING GUIDELINES AND STANDARDS

B?th the human health and aquatic criteria derived by

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

The U.S. EPA (1979) has calculated an ADI for en-
drin of 70 ug from a NOAEL of 0.1 mg/kg for dogs in a 128 day
feeding study and an uncertainity factor of 100. The U.S.
EPA (1979) draft criterion of 1 ug/l for endrin in ambient
water is based on the 1 pg/l maximum allowable concentration
for endrin in drinking water proposed by the Public Health
Service in 1965 (Schafer, et al., 1969) and on the calcula-
tions by EPA. Human exposure 1s assumed to come from drink-
ing water and fish products only.

A maximum acceptable level of 0.002 mg/kg body
weight/day (ADI) was established by the Food and Agricultural
Organization (1973) and the World Health Organization.

A time weighted average TLV for endrin of 100
ug/m3 has been established by OSHA (U.S. Code of Federal
Regqulations, 1972) and ACGIH (Yobs, et al., 1972).

The U.S. EPA (40 CFR Part 129.102) has promulgated
a toxic pollutant effluent standard for endrin of 1.5 ug/l
per average working day calculated over a period of one
month, not to exceed 7.5 ug/l in any sample representing one.
working-day's effluent. In addition, diseharge. is not to ex-

-

ceed 0.0006 kg per 1,000 kg of production.
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B. Agquatic

The draft criterion for the protection of fresh-

water aquatic life is 0.0020 ug/l as a 24 hour average con-

centration not to exceed 0.10 ng/l. For marine organisms,

the draft criterion is 0.0047 ug/l as a 24 hour average not

to exceed 0,031 ug/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
epichlorohydrin and has found sufficient evidence to in-

dicate that this compound is carcinogenic,
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1-CHLORQ-2, 3-EPOXYPROPANE
(Epichlorshydrin)

Summary

The adverse health effects associated with exposure to epichloronydrin
are extreme irritation to the eyes, skin, and respiratory tract. Inhalation
of vapor and percutanegus absorption of the liquid are the normal human
routes of entry. Exposure to epichlorohydrin usually results from occupa-
tional contact with the chemical, especially in glycerol and epoxy resin op-
erations. Pulmonary effects have been well documented. Recent studies have
demonstrated epichlorohydrin to be a potent carcinogen to nasal tissue in
experimental animals. Cytdgenic studies both in vitro and in vive in humans
and experimental animals have indicated epichlorchydrin to be an active
clastogenic agent. No data on the concentration of epichlorohydrin in drink-
ing water or foods have been reportad. Studies on the evfects of epichloro-

hydrin to aquatic otganisms could not be located in the available literature.

Pl
Joo=4



I, INTRODUCTION

This profile is based primarily on a comprehensive review compiled by
Santodonato, et al. (1979). The health hazards of epichlorcohydrin have also
been reviewed. by the National Institute for Occupaticnal Safety and Health
(NIOSH, 1976) and the Syracuse Research Corporation (SRC, 1979).

Epichlorohydrin (CHZOCHCHZCl; molecular weight 92.53) is a color-
less liquid at rooh teﬁpérature with a distinctive chloroform-type odor.
The boiling point of epichlorchydrin is 116.a°c, and its vapor pressure is
20 mm HQ at 2906. These factors ~contribute to the rapid evaporation of
the chemical upon release inéo the environment.

_Epichlorohydrin is a reactive molecule forming covalent bonds with bio-
logical macromolecules. It tends to react more readily with polarized
groups, such as sulfhydryl groups.

" The total U.S. production for epichlorohydrin was estimated at 345 mil-

-1ion pounds in 1973 (Oesterhof, 1975), with 160 million pounds used as feed-
stock for the manufacture of glycerine and 180 million pounds used in the
production of epoxy resins. Production levels for the year 1977 have been
estimated at 400 million pounds.

II. EXPOSURE
A. Water

No ambient monitoring data on epichlorohydrin are available from
which reliable conclusions on the potential exposure from drinking water may
be made. However, if a major release of epichlorchydrin were realized, the
chemical is stable enough to be transported significant distances. The rate
of evaporative loss would give an estimated half-life of about two days for
epichlorohydrin in surface waters (to a depth of 1lm). The only repo;ted

contamination of a public water supply resulted from a tank car derailment
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and subsequent spillage of 20,000 gallons (197,000 pounds) of epichlorshy-
drin at Point Pleasant, West Virginia on January 23, 1978. Wells at the

depth of 25 feet were heavily contaminated. More specific information is

not yet available.

B. Food

Epichlorohydrin is used as a cross-link in molecular sieve resins,
which are, in turn, used in the treatment of foods (21 CFR 173.40). Food
starch may be etherified with epichlorohydrin, not to exceed O
alone or in combination with propylene oxide, acetic anhyd ce
anhydride (21 CFR 172.892). No data concerning concentrations of epichloro-
hydrin in foodstuffs has been generated.

C. Inhalation

Numercus environmental sources of epichlorohydrin have been identi-
fied (SRC, 1979). Epichlorohydrin is released into the atmosphere through
waste ventilation processes from a number of industrial operations which re-
sult in volatilization of the chemical. ' No quantitative monitoring informa-
tion is available on ambient epichlorohydrin concentrations. High concen-
trations have been observed in the immediate vicinity of a factory discharg-

ing epichlerohydrin into the atmosphere, but these were quickly despersed,

with no detection of the chemical at distances greater than 600 M (Fomin,

1966) .
III. PHARMACOKINETICS

A. Absorption ..

Absorption of epichlorohydrin in man and animals occurs via the
respiratory and gastointestinal tracts, and by percutanecus absorption (U.S.
EPA, 1979). Blood samples obtained from rats after 6 hours exposuré to

(l“C)epichlorohydrin at doses of 1 and 100 ppm in air revealed 0.46+0.19

and 27.8+4.7 ug epichlorohydrin per ml of plasma, respectively. The rates
60~ 6
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epichlorchydrin per ml of plasma, respectively. The rates of uptake at
these exposure levels were determined as 15.48 and 1394 ug per hour, and the
dose received was 0.37 and 33.0 mg/kg (Smith, et al. 1979).

B. Distribution

The distribution of radioactivity in various tissues of rats fed

(14C)-epichlorohydrin has been examined (Weigel, et al. 1978). The chemi-
cal was rapidly absorbed with tissue saturation occurring within two hours
in males and four hours in females. The kidney and liver accumulated the
greatest amounts of radioactivity. Méjor routes of excretion were in the
urine (38 to 40 percent), expired air (18 to 20 percent), and the feces (4
percent). The appearance of large amounts of 14c02 in expired air sug-
gests a rapid and extensive metabolism of (lac)-epichlorohydrin in rats.

C. Metabolism

Limited data concerning mammalian metabolism of epichlorchydrin

suggest in vivo hydrolysis of the compound, yielding alpha-chlorchydrin
(Jornes, et al. 1969). Upon exposure to radioactively-labeled epichlorchy-
drirn a small percentage of the radioactivity wés expired as intact epi-
chlorohydrin, while a large percentage of the radioactivity was excreted as
14C02, indicating a rapid and extensive metabolism of the (14C)epi-
chlorohydrin. Metabolites in the urine have been obtained by these re-
searchers, but the final analysis as to the identity of the compounds is not
yet complete. Van Duuren (1977) has suggested a metabolite pathway of epi-
chlorohydrin to include glycidol, glycidaldehyde and epoxy-propionic acid.

D. Excretion - p )

The percentages of total radioactivity recovered in the urine and

expired air as ll‘COz were 46 percent and 33 percent in the 1 ppm grBup,

and 54 percent and 25 percent in the 100 ppm group, respectively. Rats
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orally treated with 100 mg/kg excreted 51 percent of the administered epi-
chlorohydrin in the urine and 38 percent in expired air, while 7 to 10 per-
cent remained in the body 72 hours after exposure. Tissue accumulation of
radioactivity was highest in kidneys and liver.
IV. EFFECTS

A. Carcinogenicity

Epichlorohydrin appears to have low carcinogenic activity following
dermal application. In two studies, epichlorchydrin applied topically to
shaved backs of rats or mice did not induce any significant 6ccurrence of
skin tumors (Weil, 1964; Vvan Quuren, et al. 1974). However, subcutaneous
injection of epiﬁhlorohydrin at levels as low as 0.5 mg have resulted in the
induction of tumors at the injection site.

Extensive inhalation studies have recently identified epichlorohy-
drin as a potent nasal carcinogen in rats. At concentrations of 100 ppm,
significant increases in the occurrence of sguamous cell carcinomas. of the
nasal turbinates have begn observed. Such tumors have Heen reported in
.lifetime exposure studies at 30 ppm but noﬁ at 10 ppm (Nelson, 1577, 1978).

Several recent epidemiological studies have suggested the risk of
cancer as a result of occupatiénal epichlorohydrin exposure. Both respira-
tory cancers and leukemia are in excess among some exposed worker popula-
tions, but this increase was not shown to be statistically significant
(Enterline and Henderson, 1978; Enterline, 1979). The data suggest a laten-
cy period of roughly 15 years before the onset of carcinogenic symptcms. A
second survey has failed to substantiate these findings (Shellenperger, et

al. 1979). However, this survey used a younger study population with less

exposure to epichlorohydrin.

#7’-6‘*
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B. Mutagenicity

Epichlorohydrin has been shown to cause reverse mutations in sev-
eral organisms (SRC, 1979).

Cytogenetic studies with experimental animals have revealed in-
creased aberrations in animals treated with epichlorohydrin. Both mice and
rats have displayed dose-dependent increases in abnormal chromosome morpho-
logy at exposure levels ranging from 1 to 50 mgs/kg (Santodonato, et al.
1979).

In humans, the clastogenic properties of epichlorohydrin have been
reported in workers occupaﬁionally exposed to the chemical and in cultured
"normal", lymphoéytes exposed to epichlorohydrin (SRC, 1979). Cytogenetic
evaluation of ‘exposed workers has shown an increase of somatic cell chromo-
some aberrations associated with concentrations ranmging from 0.5 to 5.0 ppm
(2.0 to 20 mg/m3) (SRC, 1979). Such chromosomal damage appears to be re-
versible once exposure to the chemical céases. ‘

C. Teratogenicity

Pregnant rats and rabbits exposed to 2.5 to 25 ppm epichlorohydrin
during days & to 15 or days é to 18 of gestation showed a mild teratogenic
response (John, et al. 1979). However examinations of all fetal tissue have
not been completed. The ‘incidence. of resorbed fetuses was not altered by
exposure to epichlorohydrin at the doses employed.

D. Other Reproductive Effects

The antifertility properties of epichlorohydrin have been examined
by several investigators. Administration of 15 mg/kg/day of epichlorohydrin
for 12 days resulted in reduced fertility of male rats (Halen, 1970). Five
repeated doses of 20 mg/kg were more“effective in rendering male rats in%er-

tile than was one 100 mg/kg dose or five 50 mg/kg doses (Cooper, et al.
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1974). The suggested mode of action of epichlorohydrin is via the in vive
hydrolysis of the compound which prbduces alpha-chlorohydrin. Altered re-
productive function has been reported for workers accupationally exposed to
epichlorohydriﬁ'at concentrations less than 5 ppm.

E. Chronic Effects

Two species of rats and one specie aof mice (both sexes) were ex-
posed to 5 to 50 ppm epichlorohydrin for six hours per day, five days per
week for a total of 65 exposures. All species and sexes displayed inflamma-
tory and degererative changes in nasal tissue, moderate to severe tubular
nephrosis, and gross liver pathology at 50 ppm exposure (Quast, et al.
'l979a). The saﬁe research group has also examined the effect of 100 ppm
exposure for 12 consecutive days. The toxicity to nasal tissues was similar
(Quast, et al. 1979b).

Altered blocd parameters (e.g. increased neutrophilic megamyelo-
cytes, decreaséd hemoglobin, hematocrit, and erythrocytesi have been ob-
served in'rats exposed to 0.00955 to 0.04774 ml epichlorohydrin per kg body
weight administeréd intraperitoneally (Lawrence, et al. 1972). 'Lesions of
the lungs and reduced weight gains were also observed.

Toxicity studies with various animal species have established that epi-
chlorochydrin is moderately toxic by systemic absorption (Lawrence, et al.
1972). Acute oral LDSO values in experimental animals have ranged frcm
155 to 238 mg/kg for the mouse and from 90 to 260 mg/kg in the rat. Inhala-
tion LCsy values range from 360 to 635 ppm in rats, te- 800 ppm in mice
(SRC, 1979). Single subcutaneous injections of epichdorohydrin in rats at
doses of 150 or 180 mgs/kg have resulted in severe injury to the kidney

(Rotara and Pallade, 1966).
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Accidental human exposures have been .reviewed (NIOSH, 1976; Santo-
donato, et al. 1979). Direct exposuré to epichlorohydrin vapor results in
severe irritation of the eyes and respiratory membranes, followed by nausea,
vomiting, headache, dyspnea, and altered liver function. A significant de-
crease was reported in pulmonary function among workers exposed to epichlor-
ohydrin in an epoxy-resin manufacturing process. Workers were simultaneo;s-
ly exposed to dimethyl amino propylamine.

V.  AQUATIC TOXICITY

Pertinent data could not be located in the available literature.
VI. EXISTING GUIDELINES AND STANDARDS.

Existing ocbupational standards for exposure to epichlorohydrin are re-
viewed in the NIOSH (1976) criteria document. The NIOSH recommended envi-
ronmental exposure limit is a 2 mg/m3 10-hour time-weighted average and a
19 mg/m3 15-minute ceiling concentration. The current Occupational Safety
and Health Administration standard is an 8-hour time-weighted average con-

centration of 5 ppm (20 mg/m3).
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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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ETHYL METHACRYLATE

Summary

Information on the carcinogenic and mutagenic effects of ethyl methac-
rylate was not found in the available literature. Ethyl methacrylate has,
however, been shown to cause teratogenic effects in rats.

Chronic occupational exposure to ethyl methacrylate has not been re-

ported in the available literature.

Data concerning the effects of ethyl methacrylate on aguatic organisms

were not found in the available literature.
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ETHYL METHACRYLATE

I. INTROOUCTION

Ethyl methacrylate (molecular weight 114.15) is the ethyl ester of
méthacrylic’acid. It is a crystalline solid that melts at less than 75°C,
has a boiling point of ll7°C, a density of 0.9135, and an index of refrac-
tion of 1.4147. It is insoluble in water at 25°C and is infinitely solu-
ole in alcohol and ether (Weast, 1975). It possesses a characteristic un-
pleasapt odor (Austian, 1975).

Widely known as "Plexiglass" (in the polymer form), ethyl methacrylate
is used to make polymers, which in turn are used for building, automotive,
aerospace, and furniture industries. It is also used by dentists as dental
plates, artificial teeth, and orthopedic cement (Austian, 1975).

II. EXPOSURE

Ethyl methacrylate is used in large quantities and therefore has poten-
tial for industrial release any envircnmental contamihation. Ethyl methac-
rylate in the polymerized form is not toxic; however, chemicals used to pro-
duce ethyl methacrylate are extremely toxic. No monitoring data are avail-
able to indicate ambient air or water levels of the compound.

Human exposure to ethyl methacrylate from foods cannot be assessed due
to a lack of monitoring data.

Bioaccumulation data on ethyl methacrylate were not found in the avail-
able literature.

[II. PHARMACOKINETICS -
Specific information on the metabolism, distzibution, absorption, or

elimination of ethyl methacrylate was not found in the available literature.
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No evidence has been found of the presence of ethyl methacrylate in the
human urine. Therefore, it is hypothesized that it is rapidly metabolized
and undergoes complete oxidation (Austian, 1975). -

Iv. EFFECTS
A. Carcinogenicity and Mutagenicity
Information on the carcinogenic and mutagenic effects of ethyl
methacrylate was not found in the available literature.

8. Teratogenicity

Ethyl methacrylate is teratogenic in rats. Female rats were given
intraperitoneal injections of 0.12 mg/kg, 0.24 mg/kg, and 0.41 mg/kg, on
days 5, 10, ahd 15 of gestation. These doses were 10, 20, and 33 percent,
respectively, of the acute intraperitoneal LD50 dose. Animals were sacri-
ficed one day before parturition (day 20). '

Deleterious effects. were observed in the developing embryo and fetus.
Effects were compound and generally dose-related. A 0.1223 ml/kg injected
dose resulted in unspecified gross abnormalities and skeletal abnormalities
in 6.3 percent and 5.0 percent of the test animals, respectively, when com-
pared to the untreated controls. A dose of 0.476 ml/kg resulted in gross
abnormalities in 15.7 percent of the treated animals and skeletal abnor-
malities in 11.7 percent of the treated animals (Singh, et al. 1972).

C. Other Reproductive Effects and Chronic Toxicity

Information on other reproductive effects and chronic toxicity of
ethyl methacrylate was not found in the available -literature.

D. Acute Toxicity ‘

Lower molecular weight acrylic monomers such as ethyl methacrylate

cause systemic toxic effects. Its administration results in an immediate



increase in respiration rate, followed by a decrease after 15-40 minutes. A
prompt fall in blood pressure also occurs, followed by recovery in 4-3
minutes. As the animal approaches death, respiration becomes labored and
irreqular, lacrimation may occur, defecation and Aurination increase, and
finally reflex activity ceases, and the animal lapses into a coma and dies
(Austian, 1975).

Acrylic monomers are irritants to the skin and mucous membranes.
when placed in the eyes of animals, they elicit a very severe response and,
if not washed out, can cause permanent damage (Austian, 1975).

As early as 1941, Qeichmann demonstrated that injection of 0;03
cc/kg body weight ethyl methacrylate caused a prompt and sudden fall in
blood pessure, while respiration was stimulated immediately and remained at
this level for 30 minutes. The final lethal dose (0.90-.12 cc/kg) brought
about respiratory failure, although the hearts of these animals were still
beating (Oeichmann, 1941).

Work by Mir, et al. (1974) demonstrated that respiratory system
effects alone may not kill the animal, .but that cardiac effects may aiso
contribute to the cause of death (Austian, 1975).  Twelve methacrylate
esters and methacrylic acid were tested on isclated perfused rabbit heart.
Concentrations as low as 1 part in 100,000 (v/v) produced significant ef-
fects. The effects were divided into three groups according to the rever-
sibility of the heart response. Ethyl methacrylate was placed in "Grous 1",
in which the heart response is irreversib.l_e at‘_hall concentrations
(1:100,000; 1:10,000; 1:1,000). Five percent (v/v) caused a 4l.2 percent
decrease in the heart rate of isolated rabbit heart. The same concentration
reduced heart contraction by 64 percent and coronary flow by 61.5 pércent

(Austian, 1975).
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The findings of Oeichmann (1941) that ethyl methacrylate affects
blood pressure and respiration is substantiated by studies of Austian
(1975). Response following administration of ethyl methacrylate was charac-
terized by a biphenic response, an abrupt fall in blood pressure followed by
a more sustained rise. Austian (1975) also found that the respiration rate
is increased, the duration of effect being approximately 20 minutes, after
which time the respiration rate returned to normal.

In the available literature LDgg values were found for only rab-
bit and rat; these were established by Deichmanm in 1941. The oral value
for'the rat is 15,000 mg/kg, as opposed to 3,654-5,481 mg/kg for the rab-
bit. Inhalation valués for the rat have been reported to be 3,300 ppm for 8
hours (Patty, 1962). DOeichmann also established a skin toxicity LD50 for
rabbit which was greater than 10 ml/kg. This was substantiated by another
test which showed that moderate skin irritation (in rabbits) does result
from ethyl methacrylate exposure (Patty, 1962).

VI. EXISTING GUIDELINES AND STANDARDS
Information on existing guidelines and standards was not found in the

available literature.
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FERRIC CYANIDE
I. INTRODUCTION .

Ferric cyanide is a misnomer and is notllisted as a specific compound
in the comprehensive compendia of inorganic compounds (Weast, 1978). There
are, however, a class of compounds known as "iron cyanide blues" consisting
of various salts where the anions are the ferricyanide, [Fe(CN)6]3°, or
the ferrocyanide, [Fe(CN)é]a‘, and the cations are either Fe(III) or
Fe(II) and sometimes mixtures of Fe(II) and potassium (Kirk and Othmer,
1967). The empirical formula of the misnamed ferric cyanide, Fe(CN)3,
corresponds actually to one of the ferricyanide compounds, the ferric ferri-
cyanide with the actual formula Fe[Fe(CN) ], also known as Berlin green.
The_ agid from whichA these salts are derived is called ferricyanic acid,
H3[Fe(CN)6] (also known as hexacyanoferric acid), molecular weight
214.98, exists as green-blue deligquescent needles, decomposes upon heating,
and is soluble in water and alcohol. In this EPA/ECAQC Hazard Profile only
ferric ferricyanide, Fe[Fe(CN)éj, and ferric ferrocyanide,
Fea[Fe(CN)6]3, are considered; other ferrocyanide compounds are re-
ported in a separate EPA/ECAQ Hazard Profile (U.S. EPA, 1980).

These compounds are colored pigments, insoluble in water or weak acids,
although they can form colloidal dispersions in aqueous media. These pig-
ments are generally used in paint, printing inks, carbon paper inks, cray-
ons, linoleum, paper pulp, writing inks and laundry blues. These compounds
are sensitive to alkaline decomposition (Kirk and Othmer, 1967).

II. EXPOSURE .

Exposure to these compounds may occur occupationally or through inges-

tion of processed food or contaminated water. However, the extent of Tood

or water contamination from these compounds has not been described in the
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available literature. Prussian Dblue, potassium ferric hexacyanoferrate
(II), has been reported as an antidote against thallium toxicity. When
administered at a dose of 10 g twice daily by duodenal intubation, it pre-
vents the intestinal reabsorption of thallium (Dreisbach, 1977).
III. PHARMACOKINETICS
A. Absorption and Distribution
Pertinent data could not be located in ﬁhe évailable literature.
B. Metaboliém
There is no apparent metabolic alteration of these compounds. As
for the other ferrocyanide and ferricyanide salts, these compounds are not
cyanogenic (Gosselin, et al. 1976);
C. Excretion .
No information is available for ferric hexacyanoferrates (II) or
(I11), but information is available for other related ferrocyanide and fer-
ricyanide salts (U.S. EPA, 1980; Gosselin, et al. 1976) which seems to be
rapidly excreted in urine apparently without metabolic alteration.
IV. EFFECTS

A. Carcinmogenicity, Mutagenicity, Teratogenicity, Chronic Toxicity,
and Other Reproductive Effects .

Pertinent data could not be located in the available literature.
B.  Acute Toxicity |
No adeguate toxicity data afe available. All ferrocyanide and
ferricyanide salts are reported as possibly moderately toxic (from G.5 to
5.0 mg/kg as a probable lethal dose in humans) (Gosselin, ‘2t al. 1976).
V. AQUATIC TOXICITY '
Pertinent data could not be located in the available literature reg§rd-

ing the aquatic toxicity of ferric cyanide.
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VI. EXISTING GUIDELINES AND STANDARDS

Pertinent data could not be located in the available literature.
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FLUORANTHENE
SUMMARY

No direct carcinogenic effects have been produced by
fluoranthene after administration to mice. The compound
has also failed to show activity as a tumor initiator or
promoter.  However, it has shown cocarcinogenic effects
on the skin of mice when combined with benzo(a)pyrene, in-
creasing tumor incidence a;xd decreasing thmor latency.

Fluoranthene has not shown mutagenic, teratogenic or ..

adverse reproductive effects.

Daphnia magna appears to have low sensitivity to fluoran-—

thene with a reported 48-hour -ECSO of 325,000 pg/1. The -
bluegill, however, 1is considerably more sensitive with an
observed 96-hour LCg, value of 3,980. The 96-hour LCgj
for mysid shrimp is 16 pg/l, and a reported chronic value
is 16 pg/l. Observed 96-hour EC50 ‘values based on cell

numbers for fresh and saltwater algae are over 45,000 Pg/l.



FLUORANTHENE

I. INTRODUCTION |

This profile is based on the Ambient Water Quality
Criteria Document for Fluoranthene (U.S. EPA, 1979).

Pluoranthéne (1,2-benzacenapthene, M.W. 202) is a poly-
nuclear aromatic hydrocarbon of molecular £ormula chHIO‘
Its physical properties include: melting point, llioc; boil~
ing point, 375°C; water solubility, 265 pg/1 (U.S. EPA,
1978).

Fluoranthene is chemically stable, but may be removed
from water by biodegradation processes (U.S. EPA, 1979).
The compound is relatively insoluble in aqueous systems.
Fluoranthene may be aasorbed and concentrated on a variety
of particulate matter. Micelle formation through the action
of organic solvents or detergents may occur. (U.S. EPA,
1979). t

Flouranthene is produced.from the pyrolytic processing
of coal and petroleum and may result from natural biosyn-
thesis (U.S. EPA, 1979).
II. EXPOSURE

Fluoranthene is ubiquitous in the environment; it has
been monitored in food, water, air, and in cigarette smoke
(U.S. EPA, 1979). Sources of contamiqa;iog include indﬁs—
trial effluents and emissions, sewage, soil infiltration,
and road runoff (U.S. EPA, 1979). Monitoring of drinking
water has shown an average fluoranthene concentration ‘of

27.5 ng/l in positive samples (Basu, et al. 1978). Food

=/ 7T~
/03-4



levels of the compound_are in the ppb range, and will in-
creaée in smoked or cooked foods (pyrolysis of fats) (U.S.
EPA, 1979). Borneff (1977) has estimated that dietary in-
take of éluoranthene occurs mainly from £fruits, vegetables,
and bread.

An estimated daily exposure to fluoranthene has been

prepared by EPA (1979):

Source BEstimated Exposure

Water 0.017 pg/day
Food 1.6 - 16 pg/day
Air 0.040 - 0.080 pg/day

Based on the octanol/water partition coefficient, the
U.S. EPA (1979) has estimated weighted average bioconcen-
tration factor of 8390 for fluoranthene for the edible por-
tion of fish and shellfish consumed by Americans.
III. PHARMACOKINETICS
A. Absorption
Based on animal toxicity data (Smythe, et al.
1962), fluoranthene seems well absorbed following oral or
dermal administration. The related polynuclear aromatic
hydrocarbon (PAH), benzo(a)pyrene, is readily absorbed across
the lungs (Vainio, et al. 1976). -
B. Distribution
Pertinent information could not be located in
the available literature. Experiments with benzo(a)pyrene

indicate localization in a wide variety of body tissues,

primarily in body fats (U.S. EPA, 1979).

i
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c. Metabolism

Pertinent information could not be located in
the availablé literature. By analogy with other PAH com-
pounds, fiuoranthene may be expected to undergo metabolism
by the mixed function oxidase enzyme complex. Transforma-
tion oproducts produced by this action include ring hydroxy-
lated products (following epoxide intermediate formation)
and conjugated forms of these hydroxylated products (U.S.
EPA, 1979).

D. Excretion

Pertinent information c¢ould not be located in
the available literature. Experiments with PAH compounds )
indicate excretion through the hepatobiliary system and the
feces; urinary excretion varies with the degree of formation
of conjugated metabolites (U.S. EPA, 1979).

IV. EFFECTS
A. Carcinogenicity

Testing of fluoranthene in a marine carcinogenesis
biocassay failed to show tumor production following dermal
or subcutaneocus administration of fluoranthene (Barry, et
al., 1935).

Skin testing of fluoranthene as a tumor promoter
or initiator in mice has also failed to shdw activity of
the compound (Hoffman, et al., 1972; VanfDuuren and Gold-
schmidt, 1976). ,
Fluoranthene has been demonstrated to have car-

cinogenic activity (Hoffmann and Wynder, 13963; Van Duuren
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and Goldschmidt, 1976).~ The combination of fluoranthene
and benzo(a)pyrene produced an increased number of papil-
lomas and carcinomas, with shortened latency period (Van
Duuren and Goldschmidt, 1976).
B. Mutagenicity
Fluoranthene failed to show mutagenic activity
in the Ames Salmonella assay in the presence of enzyme actiQa-
tion mix (Tokiwa, et al. 1977; La Voie, et al. 1979).
c. Teratogenicity
Pertinent information could not be located in
the available literature. Certain PAH compounds (7,12-di-
methylbenz(a)anthracene and derivatives) have been shown
to produce teratogenic effects in the rat (Currie, et al.
1970; Bird, et al. 13970).
D. .Other Reproductive-Effects
Pertinent information c¢ould not be located in
the available literature.
E. Chronic Toxicity
Pertinent information could not be located 1in
the available literature.
v. AQUATIC TOXICITY
A, Acute Toxicity
The 936-hour LC;, value for the bluegill, Lepomis

macrochirus, is reported to be 3,980 Fg/l’(U.S. EPA, 1978).

The sheepshead minnow, Cyprinodon variegatus, was exposed

to concentrations of fluoranthene as high as 560,000 pg/l

with no observed LC50 value (U.S. EPA, 1978). The fresh-
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water invertebrate Daphnia magna appears to have a low
sensitivity to fluoranthene with a reported 48-hour ECSO
value of 325,000 Pg/l. The 96-hour LC50 value for the salt-

water mysid shrimp, Mysidopsis bahia, is 16 pg/l.

B. Chronic. Toxicity
There are no chronic toxicity data presented on
exposure of fluoranthene to freshwater species. A chronic
value for the mysid shrimp is 16 pg/L.
g c. Plant Effects

The freshwater alga, Selenastrum capricornutum,

when exposéd to fluoranthene resulted in a 96~hour EC50
value for cell number of 54,400 Eg/l. On the same criterion,

the 96-hour ECSO value for the marine alga, Skeletonema

costatum, is 45,600 pg/l (U.S. EPA, 1979).
D. Reéidues
No measured séeady-state bioconcentration factor
(BCF) 1is available for flucranthene. A BCF of 3,100 can
be estimated using the octanol/water partition coefficient
of 79,000.
VI. FXISTING GUIDELINES AND STANDARDS
A. Human
The World Health Organization (1970) has established
a recommended standard of 0.2 pg/l for all:--BAH compounds
in drinking water. ’
Based on the no-effect level determined in a single
animal study (Hoffman, et al. 1972), the U.S. EPA (1959)
has estimated a draft ambient water criterion of 200 pg/l

for fluoranthene. However, the lower level derived for

A
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total PAH compounds is expected to have precedence for fluor-

anthene.
B. Aquatic
"For fluoranthene, the draft criterion to protect
freshwater aquatic life is 250 pg/l as a 24-hour average,
not to exceed 560 pg/l at any time. For saltwater life,

the criterion is 0.30 pg/l as a 24-hour average, not to

exceed 0.69 pg/l at any time.
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SUMMARY

The major source of formaldehyde contamination in the envi-
ronment is combustion processes, especially automobile emissions.
Formaldehyde is a recogﬁized component of photochemical smog. A
recent source of concern is the release of formaldehyde from
resins used in home construction and insilation.

Bicaccumulation of formaldehyde is considered unlikely due
to its high chemical reactivity. Formaldehyde rapidly degrades
in the atmosphere by photochemical processes; however, it can
also be formed by the photochemical oxidation of atmospheric
hydrocarbons.

Formaldehyde is rapidly absorbed via the lungs or gut; fol-
lowiné-absorption into the blood, however, éormaldehydeidis-
appears rapidly due to reactions with tissue components and
because of its metabolism.

The U.S. EPA's Carcinogen Assessment Group recently con-
cluded that "there is substantial evidence that formaldehyde is
likely to be a human carcinogen." This finding was based on pre-
liminary results from a chronic inhalation study of formaldehyde
which reported carcinomas of the nasal cavity in 3 rats after 16
months of exposure. This type of tumor i§ extremely rare is'-
unexposed rats of the strain used in the study. -

There is an extensive data base showing that formaldehyde is
mutagenic in microorganisms, plants, insects, cultured mammalian
éells, and mice. It was negative in a teratogenicity assay.

Formaldehyde is known to be a mucous membrane irritant in humans:

X
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it is also known to be an allergen in sensitive individuals.

I. INTRODUCTION

This profile is based on a U.S. EPA report entitled "Inves-
tigation of Selected Potential Environmental Contaminants:
Formaldehyde" (1976) and other selected references.

Formaldehyde (HCHO; molecular weight 30.03) is a colorless
gas having a pungent odor and an irritgting effect on mucous mem-
branes. It has the following physical/chemical properties (U.S.

EPA, 1976; Windholz, 1976):

Boiling Point: ~19.2°C

Melting Point: -92°C

Density in Air: 1.067

Solubility: : soluble in water and many

organic solvents.

A review of the production range (includes imporﬁation)
statistics for formaldehyde (CAS No. 50-00-0) which is listed in
the initial TSCA Inventory (1979a) has shown that between 2 bil-
lion and 7 billion pounds of this chemical were produced/imported
in 1977.%/

Formaldehyde is usually sold as an agqueous solution contain-
ing 37% formaldehyde by weight; it is alsolavailable as a linear

-

:/ This production range information does not include any .
production/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 contained in the Inventory Reporting
Regulations (40 CFR 710).

b
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polymer known as paraformaldehyde and a cyclic trimer known as
trioxane. Formaldehyde is used in the production of urea-formal-
dehyde resins, phenol-formaldehyde resins, polyacetal resins,
various other resins, and as an intermediate in the production of
a variety of chemicals. Manufacture of resins consumes over 50%
of annual domestic formaldehyde préducticn. Urea=-formaldehyde
and phencl-formaldehyde resins are used as adhesives for particle
board and plywood, and in making foam insulation. Polyacetal
resins are used to mold a large variety of plastic parts for

automobiles.‘appliances, hardware, and so on (U.S. EPA, 1976).

II. EXPOSURE

NIOSH (1976) estimates that 1,750,000 workers are poten-
tially eprsed to formaldehyde in the workplace.

A. Environmental Fate

Fo:maldehyde and nascent forms of formaldehyde can underéo
several types of reacticns in the environment including depoly-
merization, oxidation-reduction, and reactions with other
atmosﬁheric and aquatic pollutants. Formaldehyde can react
photochemically in the atmosphere to form H and HCO radicals;
once formed, these radicals can undergo a wide variety of
atmospheric reactions (U.S. EPA, 1976). Hydrogen peroxide can
also be formed during photodecomposition of formaldehyde (Purcell
and Cohen, 1967; Bufalini et al., 1972). The atmospheric half-
life of formaldehyde is less than one hour in sunlight (Bufaiini

et al., 1972).



Even though formaldehyde is often used as a bacteriocide,
there are some microorganisms which can degrade the chemical
(U.S. EPA, 1976). Kamata (1966) studied biological degradation
of formaldehyde in lake water. Under aerobic conditions in the
laboratory, known quantities of formaldehyde were decomposed in
about 30 hours at 20°C; anaerobic decomposition toock about 48
hours. No decomposition was noted in sterilized lake water.

Paraformaldehyde slowly hydrolyzes and depclymerizes as it
dissolves in water to yield aqueous formaldehyde. Trioxane has
more chemical and thermal stability:; it is inert under aqueous
neutral or alkaline conditions. In dilute acid solutions, it
slowly depolymerizes (U.S. EPA, 1976).

B. Bioconcentration
| Formaldehyde is a natural metabolic product and does not
bioconcentrate (U.S. EPA, 1976).

c. Environmental Occurrence

Environmental contamination from formaldehyde manufacture
and industrial use is small and localized compared with other
sources. Combustion and incineration processes comprise the
major sources of formaldehyde emissions. Stationary sources of
formaldehyde emissions include power plants, manufacturing facil-
ities, home consumption of fuels, incineraﬁbrs, and petroleum
refineries. Mobile sources of formaldehyde e&issions include
automobiles, diesels, and aircraft. Tﬁe automobile, however,, is
the largest source of formaldehyde poLlution. It is estimated
that over 800 million pounds of formaldehyde were released to the

air in the United States in 1975; of this amount, over 600

YV 4
/04 -6



million pounds are estimated to result from the use of automo-~
biles. In addition to formaldehyde, automobile exhaust also
contains lafée quantities of hydrocarbons. Through.phogbchemical
processes in the atmosphere, these hydrocérbons are oxidized to
formaldehyde, among other things, further adding to the environ-
mental load of form;ldehyde (U.S. EPA, 1976).

Urea~formaldehyde foam insulation has been implicated as a
soufce of formaldehyde fumes in homes insulated with this
material. Wood laminates (plywood, cﬁip board,” and particle
board) commonly used in the construction of mobile ho&es are also

kXnown to release formaldehyde vapors into the home atmosphere

(U.S. EPA, 1979b).

III. PHARMACOKINETICS

A, Absorption

Under normal conditions formaldehyde can enter the body
through dermal and occular contact, inhalation and ingestion. On
dermal contact, foimaléehyde reacts with proteins of the skin
resulting in crosslinking and precipitation of the proteins.
Inhalation of formaldehyde vapors produces irritation and
inflammation of the bronchi and lungs; once in the lungs,
formaldehyde can be absorbed into the bloocds Ingestion of
formaldehyde is followed immediately by inflammation of the
mucosa of the mouth, throat, and gastrointestinal tract (U.S.
EPA, 1976). Absorption appears to occur in the intestines .

(Malorny et al., 1965).



B. Distribution

Following absorption into the blood stream, formaldehyde
disappears rapidly due to condensation reactions with tissue
components and oxidation to formic acid (U.S. EPA, 1976).

c. Metabolism

The main metabolic pathway for formaldehyde appears to
involve initial oxidation to formic acid, followed by further
oxidation to CO, and H,0. 1In rats fed radiolabeled formaldehyde,
40% of the radiolabel waé recovered as respiratory CO, (Buss et
al., 1964). Liver and red blood cells appear to be the major
sites for the oxidation of formaldehyde to formic acid (U.S. EPA,
1976; Malorny et al., 1965).

D. Excretion

Some of the formic acid metabolite is excreted in the urine
as the sodium salt; most, however, is oxidized to CO, and

eliminated via the lungs (U.S. EPA, 1976).

IV. HEALTH EFFECTS

A. Carcinogenicity

Watanabe et al. (1954) observed sarcomas at the site of
injection in 4 of 10 rats given weekly subcutaneous injections'of
formaldehyde over 15 months (total dose 260 mg per rat). Tumors
of the liver and omentum were reported in two ‘other rats. The
authors do not mention any controls.

Groups of mice were exposed to formaldehyde by inhalatiéﬁ at

41 ppm and 81 ppm for one hour a day thrice weekly for 35 weeks.

After the initial 35-week exposure to 41 ppm, the mice were
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exposed for an additional 29 weeks at 122 ppm. No tumors or
metaplasias. were found, although numerous changes were observed
in respiratory tissues (Horton EE“éi" 1963). The study is
considered flawed for several reasons: mice were not observed
for a lifetime; survival was pcor; many tissues were not examined
histologically (U.S. EPA, 1976; U.S. EPA, 1979b).

In a lifetime inhalation sﬁudy of the combination of hydro-
chloric acid (10.6 ppm) and férmaldehyde (14.6 ppm) vapors in
rats, 25/100 -animals developed squamous cell carcinomas of the
nasal cavity (Nelson, 1979). Nelson also reported that big-
chloromethyl ether, a known carcinogen, was detected in the
exposure atmosphere: however, concentrations were not reported.

\ In a report of interim reéults (after 16 montﬁs of a 2-year
study) from a chronic inhalation study of formaldehyde in rats
and mice, the Chemical Industry Institute of Toxicoiogy (1979)
reported that squamous cell carcinomas of the nasal cavity were
observed in three male rats exposed to 15 ppm of formaldehyde
(highest dose tested). This type of tumor is extremely rare in
unexposed rat of the strain used in this study.

Following receipt of the CIIT (1979) study, the U.S. EPA's
Carcinogen Assessment Group (1979c¢) concluded tgat "there isl
substantial evidence that formaldehyde is likgly to be a human
carcinogen." The unit risk calculation (the lifetime cancer risk
associated with continuous expoéure to 1 ug/m3 of formaldehyde)
hased on the preliminary results from CIIT is estimated to be 3.4

-5
X107, This estimate may change when the final results of the

CIIT study become available.
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B. Mutagenicity
There is an extensive data base showing that formaldehyde is

mutagenic in several species including mice, Drosophila, plants,

Saccharomyces cerevisiae, Neurospora Crassa, and several species
of bacteria. Formaldehyde also prodgced unscheduled DNA syn-
thesis in a human cell line. These and other early reports of
mutagenic activity have been reviewed by Auerbach et al. (1977)
and U.S. EPA (1976).

Reports in the recent literature have supported the finding
that formaldéhyde is a mutagen: Magana-Schwencke et al. (1978)

in a study with S. cerevisiae; Wilkens and MacLeod (1976) in

E. coli; Martin et al. (1978) in an unscheduled DNA synthesis
test in human HeLa cells; Obe and Beek (1979) in sister chromatid
exchange assays in a Chinese hamster ovary (CHO) cell line and in
cultured human lymphocytes. '

C. Teratogenicity

Formaldehyde has been found negative in teratogenicity
assays in beagle dogs (Hurni and Ohden, 1973) and rats (Gofmekler
and Bonashevskaya, 1969).

D. Other Reproductive Effects

No changes were observed in the testes of male rats exposed
to air concentrations of 1 mg/m3 of formaldehy&e_for 10 days
(Gofmekler and Bonashevskaya, 1969).

E. Other Chronic Toxicity

Groups of rats, guinea pigs, rabbits, monkeys, and dogs’were

continuously exposed to approximately 4.6 mg/m3 of formaldehyde

for 90 days. Hematologic values were normal, however, some
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interstitial inflammation occurred in the lungs of all species
(Coon et al., 1970).

F. Other Relevant Information

Formal&ehyde-vapor is quite irritating and is a major cause
of the mucous membrane irritation experienced by people exposed
to smog. Dermatitis from exposure to formaldehyde is a common
problem in workers and consumers who contact the chemical
reqularly. Formaldehyde is also known to be an .allergen in

sensitive individuals (U.S. EPA, 1976).

V. AQUATIC EFFECTS

The use of formalin (aqueocus formaldehyde) as a chemothera-
peutant for control of fungqus on fish eggs and ectoparasites on
fish is a widely accepted and successful technique. However,
unless certain criteria are meg formalin may cause acute toxic
effects in fish (U.S. EPA, 1976). The acute toxicity of formalin
to fish has been reviewed by the U.S. Department of Interior
(1973). Analysis of toxicity levels indicates that a wide range
of tolerances exist for different species; striped‘bass appear to
ve the most sensitive with an LCggy of 15 to 35 ppm. |

The Lcso of formaldehyde for Daphnia magna is reported to

range between 100 to 1000 ppm (Dowden and Bennett, 1965). The
48~hour median threshold limit (TLm) for Ddphnia‘“was about 2 ppm
(McKee and Wolf, 1971).

No effects were observed in crayfish (Procambarus blandingi)

exposed to 100 ul/l of formalin (concentration unspecified) for

12 to 72 hours (Helm, 1964).

4
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VI. EXISTING GUIDELINES

The OSHA standard for formaldehyde in workplace air is a
time weighted average (TWA) of 3 ppm with a ceiling concentration
of 5 ppm (39 CFR 23540). The NIOSH recommended standard is a
ceiling concentration of 1.2 mg/m3 (about 0.8 ppm) (NIOSH, 1976).

The ACGIH (1977) recommends a ceiling value of 2 ppm (3 mg/m3).

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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FORMIC ACID

Summary

There is ;10 information available on the possible carcinogenic, muta-
genic, teratogenic, or adverse reproductive effects of formic acid.

Formic acid has been reported to produce albuminuria and hematuria in -
humans following chronic exposure. Exposure to high levels of the compound
may produce circulatory collapse, renal failure, and secondary ischemic
lesions in the liver and Reart. | ‘

Formic acid is toxic to freshwater organisms at concentrations ranging

from 120,000 to 2,500,000 ug/l. Dgphnia magna was the most sensitive fresh-

watér species tested. Marine crustaceans were adversely affected by expo-

sure to formic acid at concentrations from 80,000 to 90,000 ug/1l.
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FORMIC ACID

I. INTRODUCTION

Formic acid (CAS registry number 64-18-6) is a colorless, clear, fuming
liquid with a pungent.odor (Hawley, 1971; Windholz, 1976; Walker, 1966). It
is a naturally formed product, produced by bees, wasps, and ants (Casarett
and Ooull, 1975). Formic acid has widespread occurrence in a large variety
of plants, including pine needles, stinging nettles, and foods (Fﬁria anﬁ
Bellanca, 1971; Walker, 1966). Industrially, it is made by heating carbon
monoxide with sodium hydroxide under heat and pressure, or it may be formed
as a coproduct from butane oxidation (Walker, 1966). It has the following

physical and chemical constants (Windholz, 1976; Walker, 1966):

Property Pure 90% 85%
Formula: CH202 — ———
Malecular Weight: 46,02 — —
Melting Point: 8.4%¢ -48¢ -12°¢
Boiling Point: 100.5%¢ ~— —

Sy e 20 25 25
Density: 1.220 4 1.2022_,5 L. 19a25
Vapor Pressure: 33.1 torr @ 20°
Solubility: Miscible in water,alcchel,

and ether; soluble in
acataone,benzene, and toluene

Demand (1979): 67.5 million lbs. (CMR, 1979)
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Formic acid is marketed industrially in 85, 90, and 98 percent agueous solu-
tions. It is also available at 99+ percent purity on a semicommercial
scale. Formic acid is used primarily as a volatile acidulating agent; in
textile dyeing and finishing, including carpet printing; in chemical syn-
thesis and pharmaceuticals; and in taning and leather treatment (CMR, 1979;
Walker, 1966).
II. EXPOSURE
A. Water
Formic acid has been detected in raw” sewage, in effluents from
éewege treatment plants, and in river water (Mueller, et al. 1958). It has
also been identified in effluents from chemical plants and paper mills (U.S.
EPA, 1976).
B. Ffood
A large variety of plants c.‘ontain free formic aid; it has been
detected in pine needles, stinging nettle, and fruits (Walker, 1966). It
has been identified in a number of essential oils, including petitgrain
lemon and bitter orange (Furia and Bellénca, l97l).‘ Formic acid is also re-
ported to be a constitutent of strawberry aroma (Furia and Bellanca, 1971).
In the U.S. this chemical may be used as a food additive; allowable limits
in food range from 1 ppm in non-alcoholic beverages to 18 ppm in candy
(Furia and Bellanca, 1971). It may also occur in food as a result of migra-
tion from packaging materials (Sax, 1975).
C. Inhalation )
Ambient air concentrations of formic acid range from 4 toc 72 ppb
(Graedel, 1978). Emission sources include forest fires, plants, tobacco

smoke, lacguer manufacture, and combustion of plastics (Graedel, 1978). "It

Z
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has also been identified in the liquid condensate from the pyrolysis of
solid municipal waste (Orphey and Jerman, 1970).
0. Dermal
Pertinent data were not found in the available literature.
III. PHARMACOKINETICS
A. Absorption
Acute toxicity studies in animals and poisoning incidents in man
indicate that formic acid is absorbed from the respiratory tract and from
the gastrointestinal tract (Patty, 1963; NIOSH, 1977).
8. DOistribution |
Pertinent data were not found in the available literature.
C. Metabolism
Formate may be oxidized to produce carbon dioxide by the activity
of a catalase-peroxide complex, or it may enter the folate-dependent ane
carbon pool following activation and proceed to carbon dioxide via these
rections (Palese and Tephly, 1975). Species differemces in the relative
. balance of these two pathways for the metabolism of formate have been postu-
lated in order to explain the greater accumulation of formate in the blood
of monkeys administered methanol, compared to rats similarly treated (Palese
and Tephly, 1975).
0. Excretion
Following intrsperitoneal administration of l“C formate to rats,
significant amounts of l“COZ were detected in th_e.se sanples (Palese énd
Tephly, 1975). .
IV. EFFECTS

A, Pertinent data could not be located in the available literature.’
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B. Chronic Toxicity .
Chronic human exposure to formic acid has been reported to produce
albuminuria and hematuria (Windholz, 1976).
C. Othez.: Pertinent Information
Formic acid is severely irritating to th skin, eyes, and respira-
tory tract (NIOSH, 1977). Gleason (1969) has indicated that exposure to
high levels of compound may produce circulatory collapse, renal failure, and
secondary ischemic lesions in the liver and heart.
V.  AQUATIC TOXICITY
A. Acute Toxicity
Dowden and Bennett (1965) demonstrated a 24-hour LCey value of

175,000 ug/l for bluegill sunfish (Lepomis macrochirus) exposed to formic

acid. Bringmann and Kuhn (1959) observed a 48-hour Lt:50 value of 120,000

Mg/l for waterfleas (Daphnia magna) exposed to formic acid..

Verschueren (1979) reported that a formic acid concentration of

2,500,000 ug/1 was lethal to freshwater scuds (Gammarus pulex) and 1,000,000
Mg/ 1 was a perturbation threshold value for the fish Trutta iridea.

Portmann and Wilson (1971) determined &48-hour LCsy values rang-

ing from 80,000 to 90,000 ug/l for the marine shore crab (Carcinus maenas)

exposed to formic acid in static renewal bioassays.
B. Chronic Toxicity
Pertinent data were not found in the available literature.
C. Plant Effects
McKee and Wolf (1963) reported that formic acid at a concentration
of 100,000 ug/l was toxic to the freshwater algae, Scenedesmus sp.
D. Residue |

Pertinent data were not found in the available literature.

E
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vI. EXISTING GUIDELINES AND STANDARDS
A.  Human
The eight-hour, TWA exposure limit for occupational exposure to
formic acid is 5 ppm (ACGIM, 1977).
8. Aquatic
Hahn and Jensen (1977) have suggested an aquatic toxicity rating
range of 100,000 to 1,000,000 ug/l based con 3é-hour LCSO values for agua-

tic organisms exposed to formic acid.

1
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FORMIC ACID
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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 dJdocuments.
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.

[08- 2



FUMARONITRILE

Summary

Information on the carinogenic, mutagenic, or teratogenic effects of
fumaronitrile was not found in the available literature. Wsy values for
injected mice and orally dosed rats were 38 and 50 mg/kg, respectively. Re-

ports of chronic toxicity studies were not found in the available literature.
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FUMARGCNITRILE

I. INTRODUCTION

This' profile is based upon relevant literature identified through
mechanized bibliographic searches such as TOXLINE, BIO0SIS, Chemical
Abstracts, AGRICOLA and MEDLARS, as well as manual searches. Despite
approximately 70 citations for fumaronitrile, approximataly 95 percent of
these concérﬁéd the—chemistfy of fumaronitrile or its reactions with other
chemicals. Apparently, the chief use of fumaronitrile is as a chemical in-
termediate in the manufacture of other chemicals, rather than end uses as
fumaronitrile per se. Undoubtedly, this accounts for its low profile in the
toxicological literature.

Fumaronitrile or trans-l,2-dicyancethylene (molecular weight
78.07) is a soliq that melts at 96.80C (Weast, 1975), has a boiling point
of 186°C, and a specific gravity of 0.9416 at 25°C. It is soluble in
water, alcohol, ether, acetone, chloroform, and benzene. Fumarcnitrile is
used as a bacteriéide (Law, 1968), and as an antiseptic for metal cutting
fluids (Wantanabe, et al., 1975). It is used to make polymers with styrene
numerous other compounds. This compound is easily isomerized to the cis-
form, maleonitrile, which is a bactericide and fungicide (Ono, 1975). It is
conveniently synthesized from primary amides under mild conditions (Cam-

pagna, et al., 1977).

II. EXPOSURE
| Human exposure to fumarcnitrile from foods cannot be assessed, due
to a lack of monitoring data.

Sicaccumulation data on fumaronitrile were not found in the avail-

able literature.
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III. PHARMACOKINETICS
Specific information on the metabolism, distribution, absorption,
or elimination of fumaronitrile was not found in the available literature.

Iv. EFFECTS

A. Carcinogenicity, Mutagenicity, Teratogenicity, Reproductive
Effects, and Chronic Toxicity

Pertinent data could not be located in the available literature.
B. Acute Toxicity
LDSO values for injected mice and orally dosed rats were 38 and
50 mg/kqg, respectively (Zeller, et al., 1969). ‘
V. AQUATIC TOX;CITY
Data concerning the effects of fumaronitrile to aquatic organisms
were not found in the available literature.
VI. EXISTING GUIDELINES AND STANDARDS
Data concerning existing guidelines and standards for fumaroni-

trile 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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HALOMETHANES-
Summary

The halomethanes are a subcategory of halogenated hydrocarbons. There
is little known concerning thé chronic toxicity of these compounds. Acute
toxicity results in central nervous system depression and liver damage. The
fluorchalomethanes are the least toxic. .None of the halomethanes have been
demdnstrated to be carcinogenic; hﬁweQer, chloro-, bromo-, dichloro-, bromo-
dichloro-, and tribromomethane have been shown to be mutagenic in the Ames
assay. There are no available data on  the tefatogenicity of the halo-
methanes, although both dichloromethane and bromodichloromethane have been
shown to affect the fetus.

Brominated methanes appear to be more toxic to aquatic life than chlor-
inated methanes. Acutehﬁbxicity data is rather limited in scope, Sut Te-

veals toxic concentrations in the range of 11,000 to 550,000 ug/l.



I.  INTRODUCTION ,

This profile is based on the Ambient Water Quality Criteria Oocument
for Halomethanes (U.S. EPA, 1979).

The