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2, 4-DICHLOROPHENGCL
I. INTRODUCTION
This profile is based on the Ambient Water Quality Criteria Document
for 2,4-dichlorophencl (U.S. EPA, 1579).
2,4-0ichlorcphnenol is a colorless, crystallinme solid having the empiri-
cal formula CH,Cl0 and a molecular weight of 163.0 (Weast, 1975).
It has the following physical and éhemical properties (Sax, 1975; Aly and

Faust, 1965; Weast, 1975; Kirk and Othmer, 1964):

Melting Point: ‘ 450 C
Boiling Point: 2109 C at 760 mm Hg
- Vapor Pressure: 1.0 mm Hg at S3.00 C
Solubility: - slightly soluble in water at neutral pH;

dissolves readily in ethancl and tenzans

2,4=-Dichlorophencl is a commercially produced, substitutad ghenol used

entirely as an intermediate in the manufacture of industrial and agricultur-

al products such as the herbicide 2,4-dichlorcphenoxyacetic acid (2,4-D),
germicides, and miticides.

-Little cata exists regarding the persistence of 2,4-aichlorophenol in
the environment. Its low vapor pressure and non-volatility from agueous
alkaline solutions would cause it tg be only slowiy removed from surrace
water via volatilization (U.S. EPA, 1979). Studies have indicated low ab-
sorpticn of 2,4-dichlorophencl from natural surface waters by varicus clays
(Aly and Faust, 1964). 2,4-Dichlorophenol is -photolabile in aqueous solu-
tions (Aly and Faust, 1964; Crosby and Tutass, 1966) and can be degraded
microbial;y to succinic acid in 'soils and aguatic environments (Alexander

aﬂd Aleem, 1941; Ingols, et al., 1966; Lcos, et al., 1967).
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II. EXPOSURE
A. Water

Sources of 2,4-dichlorophenol in water are agricultural run-off (as
‘a contaminant and metabolic breakdown product of bioccides) and manufacturing
waste discharges (U.S. EPA, 1579). Recent experiments under conditions sim-
ulating the natural environment have not demonstrated that 2,4-dichlorophe-
nol is a significant product resulting from chlorination of phenol-contain-

ing wastes (Glaze, et al. 1978; Jolley, et al. 1978).
| B. Food

Contamination of food with 2,4-dichlorophenol would probably rasult
from use of the herbicide 2,4-0 (U.S. EPA, 1575).

The U.S. EPA (1979) has estimated the weighted averags bioconcen-
tration factor for 2,4-dichlorophenol to be 37 for the edible portions of
fish and shellfish consumed Dy Americans. . This estimate is based on ths
octancl/water partition ccefficient.

C. Inhalation

Pertinent information  regarding direct evidence “indicating that
humans are exbosed to significant amounts of -2,4-dichlorophencl through
inhalation has not beeh_fcund in the available literature.

I1I. PHARMACOKINEfICS
A. Absorption

Pertinent information regarding the absorption of 2,a-dichiorophe4
nol in humans or animals was not found in the available literature, although
data on toxicity indicate that 2,4-dichlorophencl is absorbed after oral
- administration (Deichmann, 1943; Kobayashi, et al. 1972). Due to its high
‘lipid solubility and low ioﬁization at physiological pH, Z,A-dichloroﬁhenol
is .expected to be readily absorbed after oral administration (U.S. EPA,

1979).
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8. Distribution
Pertinent information dealing directly with tissue distribution
after 2,4-dichlorophenol exposure was not found in the available literature.
Feeding of 2,4-D (300 - 2000 pg/g feed) to cattle and sheep (Clark, et zl.
1975) and Nemacide (50 - 800 pg/q feed) to laying hems (Sherman, et al.
1972) did not produce detectible residues of 2,4~dichlorophenol in muscle or
fat. Cattle and sheep had high levels of 2,4~dichlorophenol in kidnmey and
liver; hens had detectible levels of 2,4~-dichlorophenol in liver and yolk.
C. Metabolism
Pertirent information dealing directly with metabolism of admini-

[

stzreg 2,4-cdichlorcphencl was not found in the availapble literature. 1In
. . s 14
mice, urirary metabolites of ~'C-labelled gamma or beta benzene nexacnlor-
i {hexzchloracyl a i iic : s
ide (hexzchlorccylohexane) included 2,4-dichicrorhenol and its glucuronide
and sulfate conjugates (as 4-5 percent of %otal metatcliies) (Kurinara
=~ =3y

1573).

0. Excretion

Pertinent information dealing with excretion of administerad 2,

4=

dichlorophenol was not found in the available literature. After oral admi-

nistration of 1.6 mg Nemscide to rats over a 3-day pericd, 67 percen

that compound 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 hours (Shafik, et al. 1973).
Iv. EFFECTS )

A. Carcinogenicity

Insufficient data exist to indicate that 2,4-dichlorophencl® is a

carcinogenic agent. The only study performed (Boutwell and Bosch,

1959)

suggested that 2,4-dichlorophencl may promote skin cancer in mice after ini-
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tiation with dimethylbenzanthracene‘and when repeatedly applied at a concen-
tration high enough to damage the skin; An analysis of the data of Boutwell
and Bosch using the Fisher Exact Test indicated that the' incidence of papil-
lomas in 2,4-dichlorophencl-treated groups was significantly elevated over
" controls, while the incidence of carcinomas was not (U.3. 2PA, 1575).
8. Mutagenicity, Teratogenicity and Other Reproductive Effects

No studies addressing the mutagenicity, teratogenicity or other
reproductive effects of 2,4-dichlorophenol in mammalian systems. were found
in the available literature.. However, genctoxic effects of 2,4-dichlorophe-
nol have been feported in plants. Exposure of flower buds or root cells of
vetch, (Vicia .fabia) to solutions of 2,4-dichlorophencl, 0.IM and 62.5 mg/l,
respectively, caused meiotic and mitotic changes inciuding alterations of
chrocmosome stickiness, lagging chromoscme armaphase bridges and fragmentation
(Amer and Ali, 1952, 1949, 1374). The relaticnship of such changas in plart
cells to potentizl changes in mammalian cells has not tezsn established (U.S.
ERa, 1979).

C. Chronic Toxicity

One report (Blesiberg, et al. 1964) suggested that 2,4-dichlorophe-
N0l was invcoived in inducing chloracne and porphyria in workers manufactur-
ing 2,4-dichlerophenol and 2,4, 5-trichloropnencl and exposed to acetic acid,
phenol, monochloroacetic acid, and sodium hydroxide.. Since various dioxins
(including ohe associated with chloracne) have been implicated as contami-
nants of 2,4,5-trichlorophencl, the fole of 2,4-dichlorophenol in causing
chloracne and porphyria is not conclusive (Huff and Wassom, 1574).

In a study (Kobayaski, et al. 1972) in which male mice were fed
Z,A-dichlorophenol at estimated daily doses of 45, 100 and 230 mg/ké Body

weight, no adverse effects were noted except for some microscopic nonspeci-
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fic liver changes after the maximum dose. Parameters evaluated included
body and organ weights and foed consumption, as well as hematolegical and
histological changes.
0. Other Relevant Information
2,4-Dichlorophenol appears to be a weak uncoupler of oxidative
phosphorylation (Farguharson, et al. 1958; Mitsuda, et al. 1963). Values on
odor threshold for 2,4-dichlorophencl in water range from 0.65 to 6.5 pg/l,
depending on the temperature of water (Hoak, 1957).
V.  AQUATIC TOXICITY
A. Acute Toxicity
T#c 96-hour assays nave peen performed examining the acute effect;

Y

of 2,4-dichlcozophenal in freshwater fish. An LC., value of 2,020 ug/l fo. -/
, 50 ?

the bluegill, Lepomis macrochirvs, (U.S. 2PA, 1978), and an LC o vaiug of

g, $mm . anmala N ;
hzad minnow, Plmeshalss promelas, (Pﬂlpp:, 2t

al. manuscript), have keen reperted. Tws studiss on the freshwater cliado-
ceran, Daohnia maana, have oroduced 48-hour static LC5O values of 2,51.+

and 2,6C0 pg/l (Kopperman, st al. 1974; U.S. EPA, 1978). .

Cnly orme marine fish or invertebrate species has been tested for

=

the zcute effects of 2,4-dichlorcphenol. Hizti, =t al. (1933) observed cnly
a moderate reaction to a concentration of 20,000 pg/l in mountain bass, a
species endemic to Hawaii.
3. Chronic Toxicity
Data. for the chronic effects of 2,4-dichlorophenol for either
freshwater or marine organisms were not located in the available literature.
C. Plant Effects :
Concentrations of 2,4—dichlorophenol that caused a 56 percent r=-

duction in photosynthetic oxygen production or a complete destructicn of
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chlorophyll were 50,000 or ld0,000 pg/l, respectively, in algal assays with

Chlorella pyrenoidosa (Huang and Gloyna, 19638). An earlier study by. Black-

man, et al. (1953) reported a ‘concentration of 2,4-dichlorophenol that
caused a 50 percent reduction in chlorophyll to be 28,320 pg/l in the cuck-
weed, Lemna minor. No marine plant species have been examined.
D. Residues
A pioconcentration factor qf 130 has been estimated from the octa-
nol-water partition coefficient of 2,4-dichlorophenol for aquatic organisms
_having a lipid content of eight percent. The estimated weighted average
pioconcentration facter for the edible pertion of aquatic organisms is 37.
E. Miscellaneous
Flavor impaifment studies indicated that the highest concentration
of 2,4-dichlorcphercl in the exposure water which would mot cause tainting
¢t the sdible portion of 7ish ranged 7rom 0.4 pg/l for the largemecuth bass

{(Micropterus. salmgides), to 14 pg/l for the bluegill (Lepomis macrochirus).

The value for the rainbow trout (Salmo gairdneri) was 1 g/l (Shumway and

Palansky, 1973). -
VI. EXISTING GUIDELINES AND STANDARDS

Neithar the human he3lth acT the aquatic criteria derived oy 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

Based  upon the prevention of adverse organoleptic effects, the

draft interim criterion for 2,4-dichlorophenol in water recommended by tﬁe
U.S. EPA (1979) is 0.5 ug/l, although the recommended draft interim criter-
ion could be 371 pg/l based on calculations by the U.S. EPA (1979) from sub-

acute ‘toxicity data in mice.
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8. Aguatic
The draft criterion for protecting freshwater organisms is 0.4 pg/l
as a 24-hour average concentration, not to exceed 110 ug/l. No criterion

was derived for marine organisms (U.S. £PA, 1979).
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DISCLAIMER

This report represents a survey of the potential health
-and environmental hazards from exposure to the subject chemi-
cal. The information ccontained in the report is drawn chiefly
from secondary sources and available reference documents,
Because of the limitations of such sources, this short prciile
may not reflect all available information including all the
adverse health and environmental impacts presented by the
subject chemical. This document has undergeng scrutiny to
ensure its technical accuracy.
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2, 6-DICHLOROPHENDL

Summary

There is no available informstion on the gossitle carcincgenic, terato-
genic, or adverse reproductive effects of 2,6-dichlorophenol.

The compound did not show mutagenic activity in the Ames assay. A sin-
gle report haé indicated that 2,6-dichlorophenol produced chromosome aberra-
tions in rat bone marrow cells; details of this study were not available for

evaluation. . -

Prolonged administration of 2,é-dichloroghenol may produce hepatoxic
~effects. Pertinent data on the toxicity of 2,é-dichloroohenol to aguatic
organisms were not found in the available literature. However, EPA/ECAQ
Hazard Profiles. on related compounds may be consulted, including meta-

chlicropnenol, 2,4,3-trichlioropnenol, and 2,3,4,6-tetrachliorophenol.
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I. INTROBUCTION
2,6-Dichlorophenol, CAS registry number 87-65-0, exists as white nee-
dles and has a strong penetrating odor resembling o-chlorophenol. It has

the following physical and chemical constants (Weast, 1972; Hawley, 1971):

Fermula: C’HaClzc
O &
Mo lecular Weight: 163
Melting Point: 68°C - 69°C
Boiling Point: - 219% - 220% (740 torr)
Vapor Pressure: torr @ 59.5°C
pH: 6.79
Production: unknown )

2,8-Dichlorcphenc] is produced as 2 by-product from the cdirsct chlerinsticn
of phencl. It is used primarily as a starting ~=*eriai for the manufacture
L

of trichlorophenols, tetraéhlorophenols, and pentachlorophenols (Do ldens,

19645 .
II. EXPOSURE
4.  Water o~

¥
Phenols occur naturally in the environment and chlorophenols are

associated with bas taste and odor in tap water‘\ﬁéék, 1857). 2,5-Dichlero-
-phenol has a taste and odor threshold of 0.002 mg/l and 0.C03 mg/l, respec-
tively (Mckes and Wolf, 1963). Piet and DeGrunt (1975) found unspecified
dichlorophenols in Dutch surface waters at 0.01 to 1.5 ug/l, and Burtt-
schell, et al. (1959) demonstrated that chlorination of phenol-containing
water produced, among other products, 2,6-dichlorophenol in a 25-percent
yield after 18 hours of reaction.
B. Food

Pertinent data could not be located in the available literature. -
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c. Inhalation
Olie, et al. (1977) reported finding dichlorophenois in flue gas
condensatas from municipal incinerators. The levels were not quantified.
D. Dermal
Pertinent data could not be leccated in the availahle literature;
however, it is known that dichlorophencls are. less toxic by skin contact
than monc-chlorophenols and less likely to be absorbed through the skin
(Colcens, 1964).
III. PHARMACOKINETICS
A. Absorption
Pertinent data couid not be located in the availan
8y comparison with other chlorophenols, it is expected that 2,6-dichlocropne-
nol will be absorbed through the skin and from the gastrointestinal tract
(U.S. EFA, 15979). |
8. Distribution
Pertiment data could not be located in the avaiiaple litersturs.
Tne high lipid solubility of the comgound would suggest that unexcrated com-
pound distributes to adicoAse"tissues.
c. Metabolism and Zxcretion
Pertirent data could not be located in the availaple literature.
By cohparison with other chlorophenols, it is expected that 2,é-dichlorophe-
nol is repidly eliminated trom the body, primarily as urinary sulfate and
glucuronide conjugates (U.S. EPA, 1979).
IV. EFFECTS
A.  Carcinogenicity

Pertinent data could not be located in the available literature.-
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8. Mutagenicity
2,6-Dichlorophenol’ did . not show mutagenic activity in the Ames
~assay (Rasanen, et al. 1977). Chromosome &berrations in rat bone marrow
cells have teen observed following compound acdministration (routz and dosage
not indicated) (Chung, 1978).
C. Teratogenicity and Other Reproductive Effects
Pertinent data could not be located in the available literature.
0. Chronic Toxicity
Administration of 2,6-dichlorophencl to rats (rpute'and dosage not
specified) has been reported to produce hepatic degemeration (Chung, 1978).
E. Cther Relsvant Information A
In vitro tests nave indicated that 2,é6-dichlorophenol will inhibit
liver mitochondrial respiration (level not specified) (Chung, 1978).
V. AQUATIC TOXKICILTY
A. Acutsz
Mcleese, et al. 1979) reported a S52-hour lethal threshold limit

of 15,100 ug/l for marine shrimp (Crangon seotemspinesa) exposed to 2,6-di-

chloroprenol.
B. Chronic Toxicity, Plant Effects and Residues
Pertinent data could. not be located in the available literature.
VI. EXISTING GUIDELINES AND STANDARDS
A. . Human
Based on the organoleptic properties of 2,é-dichlorcphenol, a
water auality criterion of 3.0 ug/l has been recommended by the U.S. EPA
(1979).
8. - Aquatic
No existing criteria to protect fresh and saltwater organisms were

found ‘in the available litersature.
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2,4-DICHLORCPHENOXYACETIC ACID

Summary

Oral administration of 2,4-Dichlorophenoxyacetic acig (2,4-D) failed to
produce carcinogenic effects in mice or dogs; however, feeding teschnical
grade 2,4-D did produce tumors in a study with rats. Subcutanecus adminis-
tration of the isooctyl ester of 2,4-D has been reported to produce reticu-
lum cell sarcomas in mice.

A single study has indicated that 2,4-D produped mutagenic effects in

Saccharomvces. Other investigations have failed to show mutagenic effects

of the compound Salmonella, Drascechila, Saccharsmyces, or the deominant

‘lethal assay with mice,
2,4-D and several of its esters failed to snow teratogenic efrects in
mice; the prooylene glycol cutyl ether ester of the comoound droduced an in-

crease in clz7t palates in tihis study. Stucdiss in namsters orally zcminis-

vestigation using oral administration of 2,4-D to rats found teratogenic ef-

fects. A three-ceneration feeding study of 2,4-D to rats incicatad feto-

wn

toxic effects at z dosage of 1,320 com.

Toxicity tests on a variety of aquatic organisms generally have demon-
strated that various esters of 2,4-D are more toxic than the 2,4-D acid, di-
methyl amine, or sodium salt. ?reshwater trout and bluegill sunfish were
adversely affected by the propylene glycol butylether (PGEE) ester at con-
centrations of 900 to 2,000 pg/l. Daphnids and freshwater seed shrimp were
sensitive to the PGBE ester at concentrations of 100 to 300 pg/l. Chronic

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

AI. INTRODUCTION

2,4-Dichlorophenoxyacetic acid, CAS Registry number .94~75-7, commonly
known as 2,4-0, is a white or sligﬁtly-yellow crystalliﬁe'ccmpound which is
odorless when pure. 2,4-D has the following physical and chemical sroper-

ties (Herbicide Hancbock, 1979):

OCH,cooH
Cl
€1
Formula: S O N ph ity
LTt
. Molecular wWeignt: 221.C
Melting Foint: 155°C-138°C (technical);
140°C-141%C (oure)
Qiling Point: 1200C 2 0.4 torr
- . = -=20
Censity L.383-"
Vaccr Pressure: 0.4 torr @ 1&0°2
Soiunility: Acetone, alcchel, cicxane ether,
iscprooyl alcohol; siightly
soluble in benzene, solubility in
water 0.09g/100g, H-0
Production: Unknown

2,4-D is used as an herbicide -along with its various salts and esters,
which vary its sclubility properties. It is used mainly to control broad-
leafed plants in pastures, and right-of-ways, and, and to keesp lzkes and
ponds free of unwanted submersed and emersed weeds.

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

available; however, after treatment for water milfoil in reservoirs in
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Alabama and Tennesses, the Tennessee Valley Authority found the ccncentra-
tion at downstream monitoring 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 (Gangst, 1979).

{0

Focd

The Food ahdADrug 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 samples of meat (Day, et 2l. 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 the fat and muscle tissue and no detectable amount of

2,4-dichlcrephenol. After seven days withdrawal from the 2,4-0 diet, these

fish wers monitored for three weeks. after the water in a pond was treated
~with a 2,4-D ester. T7he nighest tissue concentration reached was J.
eight davs after =zopiication. Subsequently, the herdicide cr its metaboliitz

f=4 )

was 2aliminzted rapiciy. Clams and oysters accumulate mere 2,4-D than 2o

Partinent Zziz were not found in the avallstle liters
ever, some 2,4-0 esters which are much more volatile than the parent cca-
'pound have been monitored in air up to 0.13 pg/m3 (Farwell, et al. '1976;
Stanley, et al. 1971).

D. Dermal

Pertinent data were not found in the available literatura.
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III. PHARMACOKINETICS
A. Absorption
Human absorption of 2,4-0 following oral intake is extensive;
Kohli et al. (1974) héve determined abscrpticn of 75 to 90 percent of the
total dietary intake of the compound. Animzl studies have indicatecd that
the gastrointestinal absorption of 2,4-D esters may be less efficient than
that of the free acid or salt form of the compound (NRCC, 1$78).
8. Distribution
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 muscls show levels lcwer than these determinad
in the blood (MRCC, 1978). . Witharawal of dietary compound preduced almest
complete tissue loss of residuas in seven-days (Clark, et ai. 1373).
Small amounts of pghenoxy herbicides are passad
through tha mother's milk {3jerks, et al. 1372).
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Sauerhoff, et al. (1978) determineﬁ that following oral adminis-
tration of 2,4-D to human volunteers, the major amcunt sxcreted in the urine
was free ccmpound; 3 smzller zsmount was sxorsted 3s = coniugate. Tisses
analysis of sheep and cattle fed 2 4-D have shown unchanged compcound 2nd
2,4-dichlerophencl to be present (Clark, et al. 1975).

D. Excretion

Elimination of orally administered 2,4-0 by humans is primarily

through the urine (95.1 percent of the initial dose); the half-life of the

compound in the body has been estimated as 17.7 hours (Sauerhoff, et°®al.

1978). Clark, et al. (1964) have reported urinary elimination of 96 percent
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of an oral dose of labelled. 2,4-D within.72 hcurs by sheep; approximately
1.4 percent of the administered dose was eliminated in the feces.
The plasma half-life of 2,4-D has Ceen astimated to be from 11.7

to 33 hours in humans (NRCC, 1978).

IV, EFFECTS
A. Carcincgenicity
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 tumors ih females and malig-
nant tumors in males following feeding of technical 2,4-D; a parallel study
with dogs fed technical compound did not show carcinogenic effects (Hansen,
et al. 1971},
Mice were administered maximum tolerated goses of 2,4-D and its
cutyl, isooropyl, and iscoctyl esters in a long-term carcinogenicity study.

Carcinogeric z7fects were 3&en aicer subcutaneocus acministraticn of cthe iso-
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8, Mutzgericity
No mutagenic effects of 2,4-0 1in tests with Salmonells,

Szccharomvees, or Oroscohila were observed (Fahrig, 1974). Siebert and

127t) have recorited mutagenic effacis followipng traziment of

Saccharomyces cerevisiae strain D4 with aqueous 2,4-D solution (1,000 mg/1).

Gavage or intraperitoneal administration of 2,4-D to mice failed
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 produced no significant teratogenic effects. There was a
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significant increase in cleft palate deformities after administration of the
propylene glycol butyl ether ester of 2,4-D (Courtney, 1974).

Subcutanecus injection of the two isopropyl esters and the iso-
octyl ester of 2,4-D in pregnant mice has been reported to produce terato-
nenic affects (Caujolle, et al. 1947), although the DMS3 vehicle used is,
itself, a teratogen. Bage, et al. (1973) have also reported teratogenic ef-
fects in mice following injection of 2,4-D.

Qral administration of 2,4-D to hamsters resulted in the produc-
tion of some terata (Collins and Williams, 1971). S$tudies with rats report-
ed that oral administration of the parent compound or its isooctyl and butyl
estars, and butoxy sthancl and dimethylamine salts, precduced teratcgenic ef-
Tects (Khera z2nd McKinlev, 1972), However, Schwetz, =t al. (1971) weres un-
ablexL:f%how teratogenic effects in rats following the oral administration

. 1 - -~ = b Y S e L _—de -
Sl cr progylene glycol cutyl ether ssters.

o. Cirer Reproductive Z7Tz2cts
- Embryctoxic efvaclts Tollowing succutanecus administration of 2,4-0
to ::sﬂﬁant mirs hzve keen raported (Czuiclle, et 21, 1967; Bz2g2, et 2l
1973, o~
» _
Fetotoxic effects of the compound and its esters have been report-
=7 zfter orzl adninistration of mavimzlly folsrated deosss (Schwefz, 2% 3l

1971; Khera and McKinely, 1972).

Results of a three-generation study of rats fed 2,4-D indicate
that at dietary levels up to 500 ppm, no reproductive effects are produced;
at levels of 1,500 ppm, a decrease in survival and body weights of weanlings
was observed (Hansen, et al. 1971). Bjorklund and Erne (1966) 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 administration of 2,4-0 or its
amine salt have indicated renal and hepatic effects (Bjorklund and Erne,
1971; 2jorn and Northen, 1948); tﬁe chemical purity of the material adminis-
tzred is not known. A feeding study in rats has reported histopatholcgical
liver changes at dietary levels of 2,4-D equivalent to 50 mg/kg (Dow Chem-
ical, 1962).
V. AQUATIC TOXICITY
A. - Acute Toxicity
The National Research Council of Canada (1978) has reviewed the
toxic effects of 2,4-D to fish. | For the bluegill sunfish (Lencmis
macrocnirus), 2,4-) acid and 2,4-0 dimetnvl amine producec noxic effects at

concentrations greater than. 100,000 pg/l. At 2,4-C concentrations of 335,GG0

ug/l or lass, rc increassc mertalitiss were reporitasd except In pink salmen.
Tre iscpreopyl, butyl, ethyl, Gtuitoxy ethanci, and PGSz 2stais  producsc
BT e 1 - - -~ - . - . - o -~
43-ncur LCgy wvalues of 900, 1,300, 1,400, 2,120, and from 1,000 to 2,1C0
ug/l, respectively

[,

For other fish species, the results Tollow a similzr trend in that

the =sters tend to be more toxic than other formulations. Meshan, et al.

(@]

(1274) ceonductsd fssts of various fermulaticns of 2,4-D con cocho salmon foy

and fingerlings (Oncorhycus Kituteh), chum salmon fry (0. keta), pink salmon

fry (0. .gorbuscha), sockeye salmon smolts (Q. nerka), Oolly Varden

(Salvelinus malma), and rainbow trout (Salmo gairdneri). The butyl ester

was the most toxic ester tested, with concentrations of 1,000 pg/l cr
greater producing nearly 100 percent mortalities in all species tested. The

PGBE ester was similar in toxicity to the butyl ester. Rainbow trout were

reported to have shown a 48-hour LCSO value of 1,100 ug/l on exposurs to
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the PGRE ester of 2,4-D. Harlequin fish (Rasbora heteromorpha) showed a
48-hour LCSO value of 1,000 ug/l on exposurs to the butoxyethyl ester of
2,4-0 (National Research Council of Canada 1978). Rehwoldt, et al. (1977)
have obsezved 96-hour LC., values of 26,700; 40,000; 70,1G0; 70,7G0;

S4,600; 96,50C; and 300,600 ug/l for banded killifish (Fundulus diaphanus),

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

(Libistes reticulatus), - pumpkinseed sunfish (Lepomis gibbosus), carp

(Cvorinus carpio), and American eel (Anguilla rostrata), respectively,

exposed to commercial techmical grade 2,4-D.

Sanders (1970) conducted a comparative study on the toxicities of
various fotmulaticns of 2,4-D for six speciss of
The PGBE ester was generally most toxic, while the dimethyiamine salt was

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

cested, witn 48-nour static Llqy values greater than 100,000 ug/l for all

acna) and  sesZ  snrimg

3

rmolations tesied. The watzerflea (Laconiz

0

{Cypricopsis vicua) wers most sensitive tc the PGEE ester, witn 48-hour

LCsy values of 100 and 320 wg/l, respectively.  Scuds  (Gammarus

fasciztus), sowbugs (Ascellus brevicaudus), and freshwater grass shriro

(Palzemonetes kadiakensis) were also moderately sensitive, with " 48-hour

LCSO values ranging from 2,200 to 2,700 wg/l.  Sarders and Cope (1563)
reported a 96-hour LC;y value of 1,600 wpg/l  for stonefly naiacs

(Pteronarcy californica) exposed to the butoxyethanmol ester of 2,4-0. Tech-

nical grade 2,4-D produced a 96~-hour LCSO value of 14,000 pg/l. Robertson
and Sunting (1976) reported 96-hour LCqy values rénging from 5,320 to

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

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

nolamine salt was 120,000 to 167,000 ug/l.
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Among marine invertebratss, those of commercial significance have
been examined for toxic effects on exposurs &g 2,4-D formulations. Butler
(1963) determined the S$6-hcur median effective concentration based on shell

of 2,4-0. The 2,4-D acic

m
[0
tn
er
(]
2}
O

growth for oystars as 140 pg/i for the PGE

had no detectable eifect at exposures of 2,000 pg/l -for S$é-hours. Rutler

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

acid at a concentration of 2,000 pug/l for 48-hours. Sudak and Claff (1560)

found a 96-nour LCBO value of 5,000,000 ug/l feor fiddler crabs (lUca

pugmax) exposed to 2,4-D.

McKee and Wolf (1963) have reviewed the toxic effects of 2,4-D to
aguatic orgaenisms. Toxic concentrations as 1cw as 1,000 ug/l preducsd a 40
percent mortality for fingeriing bluegills exposed to 2,4-D butyl ester. In
general, esters of 2,4-D were reported to be more toxic than sodium salts of
2,4-3.

-

3. Chronic Toxicity

~}

Rehwolct, et al. (1970) exposec several species of fish to 130
pug/l 2,4=D for ten months and observed no overt effects to any tested
species. The percent reduction of brain acetylcolineéterase ranged from 16
percent in whita perch to 35 percent in American eels. In breeding experi-
ments with guppies, a 100 pg/l concentration of 2,4-D had no significant er-
fect on the reproductive process of the species under experimental condi-
tions. Cope, et al. (1970) examined the chronic effects of ?GBE ester of
2,4-D to bluegill sunfish. Fish were exposed to the herbicide in one-eighth
acre ponds centaining initial concentraticns of wup to“l0,000 ug/l. Altera-

tions in spawning activity, and the occurrence of pathological lesions of

the liver, brain, and vascular system were reported for a period of up to 84
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days. ' Mount and Stechan (1967) exposed l-inch fathead minncws (Pimephales
promelas) to. a continuous series of concentrations of the butoxyethanol
ester of 2,4-0 ranging from 10 to 310 pg/l for a 10-month period. No deaths
of deletericus effects, including abnormal spawning activity and recucecd
survival of eggs from exposed fish; were observed.

In static-renewal tests, Sigmon (1979) reported that the percent
pupation and the percent emergence of Chironomus larvae were significantly
reduced. by exposure to 1,000 or 3,000 pa/l 1,4-D (acid equivalent in Weedone
Lv-4 formulation).

C. Plant Effects

50,000 ug/i 2,4-3 Tor 24 hours and ocbserved depressed growin rates.

“duced the cell numbers of Scenedesmus to cne percent of conirol lsvels,

Chlemydomenas to 48 percent of contrcl lavels, Chlorella tg 46 cerzent cf

d _——r =3Iy (HE R0 =t

control levels, and . Euglena to 90 percent of control lsvels within 4 to 12

days. The bluegreen algae (Nostoc muscorum) displayed a &8-percent reduc-

tisn in growth when ewposaed to 100 pgr/l 2,4-D0 (Csrci 2nd Cavazzini, 1973).

Singh (1974) exposed Cylindrospermum to 2,4-D sodium salt at concentrations
ranging  from» 100;000 to 1,200,000 pg/l and - repcrted that concentrations
above 800,000 ug/l caused growth to cease completely. McKee and Wolf (1963)
reviewed the effectiveness of 2,4-D' in control.of emergent aquafic,plants
and reported that concentratidns ranging from 6,000 to 100,000 ug/l have

been effective in contrclling a number of species.
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D. Residue
Cope, et al. (1970) examined residues of the PGEE ester of 2,4-D

in the freshwater vascular plant, Potamogeten nodosus, in a one-eighth zcre

oong trestad with single 100 to 10,000 pg/l applicaticns of the chemical. A

. ; C i e ips S s
racuzl capalsticn of the herbicide to insignificant lavels was cemenstratad

)

within three months.

Schultz and Gangstad (1976) reported that the flesh of fish ex-
posed to 2,4-D 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 lQO Hg/l level
realized in the water two weeks after application.

The Naticrmal Rasearch Council of Canada (NRCC) (1978) has raviewed

v

the bigconcentration cdata and asscciated residuss of 2,4-0 in 2 numbter of
studies. NRCC indicated that a relatively short half-life of less than two
days is found fTor Tish and oyster. - At watar concentracions of 130 to 2zC0

MG/Ll, the bicconcentration of 2,4-D various acuatic inveristorates was ons o

two orders of magnitude greater thnan in the water. Cysters (Crassostica
virginizs) wers rzgoried to have a bioconcentraticn fachor of 18C when ax-

posed to the butoxyethanol ester of 2,4-D. The freshwater bluegili and hos-

quito fish (Cambusia affinis) had bicconcentration factors ranging from 7 to
S5, rssgesctiive tc water concaentrations. Fish fed g dist containing 2,4-C

biocencentrated the 2,4-D .acid by less than 0.2.
VI. EXISTING GUIDELINES
A. Human
The acceptable daily intake of 2,4-D for humans has been estab-
lished at 0.3 mg/kg (FAQ, 1969).
3. Aguatic

Pertinent data wers not found in the available literature.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposures to the subject chéemi-
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 1its technical accuracy. '
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1,2-DICHLOROPROPANE

Summary

Tre majcr environmental scurce of dichloropropare is from the use of a
mixfure of dichloropropanes and dichloropropenes 3as a soil fumigant. On
chronic exposure of rats to dichloropropanes the only cobserved effect was a
lack of normal weight gain. There is no evidence that dichloropropanes are
carcincgens or teratogens. Dichloropropanes nhave produced mutations in tac-
teria and caused chromosomal aberrations in rats. -

Aguatic ;oxicity tests of 1,2-dichloropropane are limited to four acute
investigaticns. Two obsesrved 94-hour LC values for the bluegill are
280,000 and 320,000 wg/l and the 48-hour LCSO value for Daphnia macna is
52,500 - ng/l. A saltwater fish has a reported Sé-hour LC:O vaive of

240,000 Lg/l.

-937 .



1,2-DICHLOROPROPANE

I. INTRCDUCTION

This profile is btased on the Ambient Water Quality Criteria Document
for Dichlorooropanes/Dichloroprocenss (U.S. EPA, 1979).

l,?-Dichloropropane (1,2-P0C, -molecular weignt 112.59) is a liguid at
envirormental temperatures. This isomer of dichloropropane has a boiling
-point of 96.40C, a density of .1.156 g/ml, a vapor pressure of 40 mm Hg at

0

19.49C and a water solubility of 270 'mg/lCO at 20°C (U.S. EPA, 1879).

‘0

Mixtures of 1,2-dichloropropane and cis-trans-1l,3-dichloropropens are used
as soil fumigants. For the purposes of discussion in this hazard profile
dccument, diéhlorcoroname refers to the 1,2-dichlorooroocsne isomer.  When
neated to decomposition temperatufes, 1,2-cichicropropans emits nighly tfoxic
fumes of phosgene (Sax, 1975).

II. =XFCSUEE

Dichlorepronane can enter the zcuatic envircnmant as diszcharcas
 frem industrial! and manufacturing processes, as run-off from agricultural
land, and from municipal effluents. This compouncd was identifisd 'but rot
quantified in New Orleans drinking water (Cowly, et ai. 1575).
B. Food

Information was not found concerning ﬁhe concentration of dichloro-
propane in commerical foodstuffs; therefore, tﬁe amount of this compound in-
gested by humans through food ‘is not.known. The U.S.. EPA (1979) has esti-
mated the bioconcentration factor (8CF) of dichloropropane to be 20. This
estimate is based on the octanol/water partition coefficients of dichloro-

propane. The weighted average BCF for edible portions of all aquatic organ-

isms consumed. by Americans is calculated to be 5.8.
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C. Inhalation.

Atmospheric levels of dichloropropane have not besn positively
determined. However, it is known that 5-10 percent of the dichloroprogane
which is applied to the scil as a fumigant is released to the air (Thcaas
and McKeuty, 1973).

III. PHARMACOKINETICS
A. Absorption, Distribution and Metabolism

Pertinen£ data could not be located in available l;terature

searches regarding the absorption of dichloropropane.
B. Excretion

. 3 - - b e de $ - -~ 2T L . R :. -
Bartinen data czuld not o lccated  in available iiterature

[t SN

m
4

searches regarding excretion of dichloropropane. In the rat, approximately
S0 percent of zn orally administered dose of dichlorcorooane was elimimated

in the urine in 24 hours {Hutson, et al. 1971).

A. TCarcinogenicity
Only one study is reported on the carcinogenicity of dichloro-
propane. Heppel, et al. (1943) repeatedly exposed mice (37 exposure
pericds) to 1.76 mg dichloropropane per liter of air. Of the 80 mice, only
three survived the exposure and subsequent observation period; however, the
three survivors had multiple hepatomas at the termination of the experiment
(13 months of age). Due to the high mortality, an evaluation based on this
study cannot be made.
B. Mutagenicity
DeLorenzo, et al. (1977) and Bignami, et al. (1977) , showed
dichloropropane to be mutagenic in S. tyohimurium strains TA 1535 and TA

100. DOichloropropane has alsc been shown to cause mutations in A. nidulans

737



(Bignami, et al. (1977), and to cause chromosomal aberrations in rat bone
marrow (Dragusanu and Goldstein, 1975).
C. Teratogenicity
Pertinent information couid not be locgted in availabie literaturs
searches regarding teratogenicity.
D. Other Reproductive Effects
Pertiment information could not be located regarding other repro-
ductive effects.
E. Chronic Toxicity

Pertinent information .could not be located in available literature

im

searches regarding chronic toxiciity studiss of dichloropropane exposur

%)}

humans. In one study by Heppel, et al. (1948) réts, guinea pigs, and dogs
were exposed to AQO ppﬁ of dichloropropane for 128 to 140 daily seven hour
period {(given five cays per week). Thne only erfect. observed was a decreased
welght in rats.
V.  AQUATIC TOXICITY
A. Acute Téxicity _

Two obssrved 9é-hour LCSO values for ths bluegill, Lasomis

macrochirus, upon exposure tao l,2—dichloropropane were 280,000 and 320,000

na/l - (Dawson, et al. 1577; U.S. EPA, 1978). In the only freshwater inverte-

‘brate study reported, the 48-hour 'LCSO for Daohnia maagna is 52,500 wg/l

(U.S. EPAR, 1979). . Tidewater silverside, (Menidia bewvllina), has an

observed 96- hour LCSO of 240,000 pg/l (Dawson, et al. 1977).
B. Chronic Toxicity . -
Chronic data are not available for any saltwater or freshwater

species.
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C. Plant Effects

The pnytotoxicity of 1,2-dichlorcpropane has not been investigated.
D. Residues
No information available

=g B R O

VI. EXISTING CUIDELINES AND STANDARDS

Neither the human health nor the aquatic criteria derived by the U.S.
EPA (1579), which are summarized below, have gone through the process of
public review; therefere, there is a possibility that these criteria will be
changed. *

A. Human

The TLY for dichlercorspane is 75 oem (330 o

/-..3\ [T NamE e
o NSl e i AUV .

Ind. Hyg., 1977). The draft water criteria for dichloropropane is 203 ug/1

(U.S. EFA, 1579).

- P I - -~ B : Jvn = -3 3 e = -
For 1,2-dizhlozoprepane, the preceosed dret™t criterla to groiect

S mmnlm, gm E T’ lolota) b ~ ; H 7 I
rreshwater aquatic 1ife are 520 pg/l a Z4-hcur average anc the concentraiicn

should not exceed 2,100 uwg/l at any time. Criteria are not available for

sgltwater speciss {(U.S. EPA, 1979).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
czl. The information contained in the report is drawn chiefly

from secondary sources an available reference documents..
Because of the limitations of such sources, this short profil.

-may not reflect all available information including. all the
adverse health an environmental 1impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.
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DICHLOROPROPANES/DICHLOROPROPENES
SUMMARY
The major environmental source of dichloropropanes and

dicnloropropenes is from the use of these compounds as scil fumi-
gants. Some mild kidney damage has besn cbserved in rats chroni-
cally exposed to 1l,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 carcinogens.

Aquatic toxicity studies suggest that the acute toxicity

<

th

e L

. . - .. .
the dichloroprorvanes decreases as the distance beitween the

chlcrine atecms increases. As an example, the reported 96-hour

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

than 220

conding ceported 43-nour “CSO values ar= 25,900, 22,050, and
282,000 pg/l, respectively. Similar results have been obtained
with marine organisms.

The dichloropropenes are considerably more toxic in acute
2xXxposure than the dichloropropanes. For 1,3-dichlorprcpens,
the 96-hour LCSO value for the bluegill is 6,060 ng/l compared

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

the correspoﬁdinq values are 6,150 .and 282,000 pg/l,-respectivelya
The ECcqy based on chlorophyll a fcr a freshwater alga, is 4,950
pg/l for 1,3-dichloropropene, and 48,000 for l,3—dichloropsopane.
Data on measured residues could not be located in the available

literature for any saltwater or -freshwater species.
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I. INTRODUCTION
This profile is based on the Ambient Water Quality Criteria

Document for Dichloropropanes/Dichloropropenes (U.S. EPA, 1879).

’g

Dichleorcpropanes (molecular weight 112.99) and dichloropre-

penes {moleculzr weight 110.97) are ligquids 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 1.1l to 1.22.

The principal uses of dichloropropanes and dichloropropenes are

as soil fumigants for control of nematodes, in oil and fat sol-
vants, and in dry cleaning and degreasing processas (Windholz,
1878). When heated to decomposition temperatures, 1l,2-dichloropro-

pane emits hignly toxic fumes of phosgene, while 1,3-dichloropros

th

pene gives Off ccxic fumes of caloriges (Sax, 1975). Production

3

0,

0

of mixtures Of nloropreorcanes/dichlicropropenes . approachzsa 60

2}
(1

million pounds per year grior to 197

(U.S. EPa, 1979).

—

ii. EXPOSURE .
| A. Water
Dichloropropanes and dichloropropenes can enter the
aguatic environment in discharges from industrial and manufactur-
ing processes, as run-off from agricultural land, and from munici-
pal effluents. ' These compcunds have been identified but not
guantified -in New Orleans drinking water (Dowty, et al. 197S5),
B. Food
Information was not found in the available litera}ure
concerning the concentrations of dichloropropanes and dichloro-
propenes in commercial food stuffs. . Therefore, the amount of

these compounds ingested by humans is not known. The U.S. EPA
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(1979) has estimated the weighted average bioconcentration fac-
tors (BCFs) of dichloropropanes and dichloropropenes to range
petween 2.9 and 5.8 for the edible portions of fish and shellfish
consumed Dy Americans. This estimate is based on tine octanol/
water partition coefrficients of these compounds.
cC. 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 that, in California alone, about 72 tons (8 percent of

n 1971 (

@)
}=t
}e

(ol

the pesticide used) were released tOo the atmosphere
State Dept. Agric. 1971).
III. PHARMACOKINETICS

A. Apsorption, Distriouticn-and Metabolism

-
e

[a}

tinent information regarding the zabsorpticn, dis-
tributicn, and metabolism of the dichloropropanes and dicnlocropcro-
penes'could not be located in tﬁe available information.
3. Excretion
No human data are available on the excretion of dichlor-
opropanes or dichloropropenes. In the rat, 80 to 90 percent
of an orally administered dose of dichloropropane or dichloropro-
pene was eliminated by all routes within 24 hours (Hutson, et
al. 1971). Approximately 50 percent of the administered dose
was eliminated in the urine within 24-hours.“
Iv. EFFECTS
A. Carcinogenicity
Iﬁformation'concerning the carcinogenicity of mixtures

OfL dichloropropanes and dichloropropenes c¢could not be located

- -G4p-2



in the available literature. However, cis-1,3-dichloropropane
nas produced local sarcomas at the site of repeated subcutaneous
iniections (Van Duuren, et al., in press). No remote treatment-
related tumors were observad.
B. Mutagenicity
Mixtures of 1l,2-dichloropropane and 1,3~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

.,
9]
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cavapble of being produce
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C. Teratogenicit;

[\]

nd Cther Reproductive Effects

Pertinent information could not be located in the

1)

Innhglation exposure of r:

§

3, gulnea pigs, and <cgs
o 400 ppm of 1,2-dichloropropane for 128 to 140
perinds (5 days per week) decreased ncrmal weight gain in rats
(deppel, et al., 1948). Inhalation exposures of rats toc 3 ppm
2f 1,3-dichloropropene, 4 hours a day, for 1253 ctc 130 days pro-
.duced cloudy swelling in renal tubular epithelium which disap-
peared by 3 months after exposures ended (Torkelson and Oven,
1977).
v. AQUATIC TOXICITY

A, Acute Toxicity

.

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

1,2-, and 1l,3-dichloropropane under similar conditions yielded

36-hcur LCSO values of 97,900, 280,000, and greater than 520,000

s -749-



mg/l, respectively (U.S. EPA, 1978). .These data suggest that
toxicity decreases as the distance between the chlorine atoms

increases. A reported 96-hour LC50 for 1,3-dichloropropene is

r

. E
wS CrJ

-
I'n

6,060 ng/l for -the bluegill, approximate mEgni-

0]
O

- -
e

y
$79). Under

'_.l

r 1,3-dichlorcpropane (U.S. EPA,

rn
o)

tude lower than
static test conditions, reported 48-hour LCSO values for 1,1l-,
1,2-, and 1,3-dichloropropanes are 23,000, 52,500 and 282,000
BG/L, respectively, (U.S. EPA, 1978) for the only freshwater

invertebrate species tested, Daphnia magna. The 48-hour LCSO

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

conditizcns is 6,120 pg/)1 (U.S. EPA, 1978).

The 96-nour LCqq values for the saltwater sheepshead

minnow, Cyprinodon variegatus, expesed to 1l,3-dichloropropane
and 1,3-dichioropropene were 36,700 ug/1l and 1,770 Lg/Ll, respec-

cF1

Tivealy

3
Q.
fu
Ay
(o))

|

.5. 2Pa, 31%73). Dawscn, et al. (1277) ob
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-

s

r
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Q
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\ o~ i

tidewazer silver

91

. V3 A1 A
2, Menicia

(]

Ul
3

aour Ligg of 240,000 pg/1 for
bervilina, Cor exposure to 1l,Z-dichloropropane.

For Mvsidopsis vania, tne 96~hour LC50 for i1,3-dichloro-

oropene was one-thirteenth that for 1,3-dichloroprorane, i.e.,
790 pg/1l and 10,300 pg/l, respectively (U.S. EPA, 1278).
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, Pimenhales oromelas, exposed to 1,3-

dichloropropene was 122 pg/l1 (U.S. EPA, 1978). The chronic value

»

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

chloropropane in a life cycle study (U.S. EPA, 1978).
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C. Plant Effects
for 1,3-dichlicropropene, the 96-nour ECSO values,

based on chloropnyll a concentrations and cell numbers of the

n

. Sy -
shwater zlga, Se

’.-—l

< gnascrum

(1]
(9]

apricernutum, were 4,330 ug/l and

>

+960 ug/l, respectively. The respective values obtained for
1,3-dichloropropane were 43,000 and 72,200 pg/l. Thus, the pro-
pene compound is much more toxic than the propane compocund, as

is true fcr the bluegill and Daphnia magna.

D. Residues
Measured steady-state bioconcentration factors (BCF)

= .. - !
£€5r anv dichloro

are not availabls

R}

rogane <or dichleoroprcrene
in any fresh or saltwater species. Based on octanol/water coet-
ficients of dichloropropanes and dichloroprcoenes, the U.S. EPA,

{1379, has estimated the bioconcentration facters for these com-
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In the non-aquatic environment, movement of 1,2-dichloro-
propane in the scil rasulis from diffusion in the vapor phass,
as these compounds tend to establish an equilibrium between the
vapor phase, water and absorbing pnases (Leistra, 1370;. 1,2-
dicblorbpropane appears to undergo minimal degradation in soil
with the major route of dissipation appearing to be volatiliza-
tion (Roberts and Staydin, 1976).

Following field applicaticn, movement of 1,3-dichlorcpro-
pene in soil results in vapor-phase diffusion (Leistra, 1910).
The distribution of 1,3-dichloropropene within soils depends
cn soil conditions. For example, cis-1,3-dichlcrobenzene is

chemically nydrolyzed in moist soils to the corresponding cis-
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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
Neither the human health nor the aquatic criteria derived
pv U.S. EPA (1979), whicn 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. Hvg., 1977). The draft water criterion

1
=]

w

-y
12

9]
fu
(&}

for dicnloropropane is 202 ug/L. The

)

23, 1

ot

y'

water criterion for dichlorovropenes is 0.63 yg/l (J.8.

&3]
g
N

1979).
B. Aquatic

The draft criteria for the dichioropropanes and di-
Chloropcrorenes to protect fresiwater aguatic life are as follcws

(U.s. EPA, 1979):

Concentrztion not
to be exceeded
Compound 24-Hour Average at any time
l,l1-dichloropropane . - 410 Pg/l 930 uwg/L
1,2-dichloropropane 920 Pg/l 2,100 pg/l
1,3-dichloropropane 4,800 pg/l 11,000 npg/1
1,3-dichlorcpropene 18 pg/l . 250 ng/1

The draft criteria to protect saltwater species are as follows

(U.S. EPA, 1979):



Compound

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

1,3-dichloropropene

24-dour Average

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

_975’3..

Concentration not
to be exceeded
at any time

not derived
910 pg/1
180 pg/1
14 pg/l
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DISCLAIMER

This report represents a survey 2f£f the votential health
and environmental hazards from exposures to the subject chemi-
cal. The information containeéd in the repert is drawn chiefly
from secondary sources and available reference’ documents.
Because of the limitations of such scources, this short profile
-may not reflect all available information including all the
adverse health and environmental 1imzacts presented by the
subject chemical, This document has und2rgone scrutiny to
ensure its technical accuracy.
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DICHLORCPROPANGL

Summary

There was no evidence found in the available literature to indicat

[§1]

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 raesults in toxi-
city similar to that induced by carbon tetrachloride, including hepato- and
nephrotoxicity. Data concerning the effects of dicﬁloropropanol to aquatic

ocrganisms was not. found in the available literature.
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I. INTRODUCTION

This profile is based on computerized searches of Toxline, Biosis, and
Chemical Abstracts, and review of other appropriate information sources as
availatle., Oichloroprogancl (molecular weight 128.9), a colorless, viscous
liquid with a chloroform-like odor, refers to four isomers with the mole-
cular formula CsH.0Cl,. The physical properties of each isomer are

given below.

Boiling Point Density Solubility (Weast, 1576)
Water Alcohol Ether
2,3-Dichloro-l-propanol  1820C 1.368  slight ‘miscible miscible
1,3-Dichloro-2-propanol 1740c 1.367 very very miscitle
3,3-Dichloro-l-propanol  82-83CC S 1.31¢ nct listed
1,1-Cichicrc=-2-grcpanaol 146-143CC 1.5334  siignt verv very

Additiomal physical data and synonyms of the above isomers are avaii-

5 ] R = -~ iy - / \ ~p bia)) Mif S e i V- [l -~
in Heilzoren (1945), Fairchilg (1979), Sax (1979}, Windholz (1273), and
NiskIaramranas

[0181C I

- il

chleride. It is used as a solvent for hard resins and nitrocsllulcse, in
the manufacture of photograghic and Zapon laccuer, as z czment for cellu-
loid, and as a oinder. for water colors (wingholz, 1976). The compounda is
considered tec te z mederate firs hazard when exposed tc heat, flame, or oxi-
dizers, and a disaster haéard in that it may deccmpose at-high temperatures
to phosgene gas (Sax, 1979).
II. EXPOSURE

Dichloropropénol was detectable in the air of a dlycerol manufacturing
plant in the UfS.S.R..(Lipina and Belyskov, 1975). Unreacted dichloropro-
panol was also found in the wastewater effluent of a halchydrin manufacéur-

ing plant (Aoki 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 dichloroproparol was not found in the available
literature. -
III. PHARMACOKINETICS

Pertinent data could not be located in the available literature on the
metabolism, diétfibution, absorption, or excretion of dichlofopropanol.

IV. EFFECTS |

A. Carcinogenicity

Pertinent data could not be leccated in the available literaturs.

¥y

Mutzgenicity

2,3-0ichloropropanol and 1,3-dichloropropancl were evsluzted for
mutagenicity by 2 modified Ames assay using S. tychimurium strains. Scme
evidence of mutagsnic activity was seen, but the authors felt that further
evidence and clarificaticn of the metabalic activation pathway tc mutacens

via haloalkanolis were necessary (Nakamura, et al. 1979).

cr

C. Teratogenicity, Other Reproductive £ffects and Chronic Toxicity
Pertinent data could not be located in the available literature.
D.  Acute Toxicity '
2,3-Dichloropropanol was found to have an oral LDsy in the rat
of 90 mg/kg. The lowest published lethal concentration (LC ) in rats is
500 ppm by inhzlation for 4 hours. A dose of 6,800 ug in the eye of the
rabbit caused severe irritation (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 inhalatlion exposurs in rats of 125 ppm/4 hrs. [JTen
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-
chlorcoropanol intoxication as being similar to carbon tetrachloride poison-
ing, 1i.e., centrzl nervous depression; hepatotoxicity, including bhepatic
cell necrosis and fatty infiltration; and renal toxicity, including fatty
' degeneration and necrosis of the renal tubular epithelium (Sax, 1579; Gos-
selin, et al. 1978).

V.  AQUATIC TOXICITY

Data concerning the effects of dichloropropancl to aquatic organisms
were not found in the available literature. ‘ |
VI. EXISTING GUIDELINES AND STANDARDS

A, muTEn

The maximum allewable concentrzticn of dichlorcpregancl in the
working enviromment air in theAU.S.S.R. is 5 mg/m3.(Lipina and Belvzkov,
15735).

The maximum allowabia concentration in Class [ wzters for the pre-
duction of drimking water is 1 mg/l (Verschueren, 1977).

3. Acuatic. |
The organoleptic 1limit in water set in the U.S.S.R. (1$70) is 1.0

ma/l (Verschueren, 1977).
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This report represents a survey of the potential health
and envirconmental hazards from exposure to the subject chemi-
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Because of the limitations of such sources, this short profile
may not reflect all available information including all the
adverse nealth and environmental 1impacts presented by the
subject chemical, This document. has undergone scrutiny to
ensure its technical accuracy,
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1, 3-DICHLORCPROPENE

SUMMARY

Tre major envircnmentzl scurcz of dichlorcpropesnes is from the use of 2
mixture of dichloropropenes and dichloropropanes as a soil fumigant. On
chronic exposure  of rats to dichloropropere mild kidmey damage was observed.
Dichloropropene has produced subcutaneous tumors at the site of injection,
and has been shown to be mutagenic in bacteria.- However; not encugh intor-
mation is available to classify this compound as a‘barcinogen.

Tre bDluegill (Lepomis macrochirus) has a reported 96-hr LC.. value of

30
&6C60 ug/l; Capnnia wmadna nasS a reported 48-nr C=O of 812C pg/l. Faor the
-~
saltwater invertebrats, Mysicecgsis bshis, & rzpertsd Sé-hr LCSO value is
790 pg/l. In the only - leng-term stuedy avallapie, the value obfzined for
Z,2-dichloroprozens toxicity to fainzac minnmcws (Pizeshales promelzs) in an
“emzryc-larval test is 122 1g/l. EBases on chlorephyll 2 corzantrations ans

cell numbers; the 96-hr ECSO values for the freshwater alga . Selenastrum

capricernutum are 4,930 and 4,980 Lg/l, rtaspectively; fcr the marine

" -
P =

1)
)]

Skeletonema costatum, the respective values are 1,000 and 1,040 pg/l.
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1, 3-DICHLCOROPROFENE

I. INTRODUCTION

This profile is based on the Ambient water Quality Criteria Oocument
for Dichlorcproganas/Cichloropropenss (U.S. ;ra: 1575a).

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
the two isomers is approximately 0.275 opercent. When heated to
decomposition. temperaturés, 1,3-dichloropropene gives off toxic fumes of
Sax, 1575).  Mixturss of cis- and trans- 1,3-dichioronmTopgene and
1,2-dichioropropane are wused as soil fumigants. In this document,
dichloroprepene will refer to either cis- or trans-l,3-dichloropropene. For

more information regarding the dichioropropenes, ithe reader is referred to

the EPA/EZCAQ Hazztd ProTils on Dichloronropanes/Dichlornpreopenes (5.5, EF3,

Dichloropropene can enter the aguatic enviromment in the discharges
from incustrial and manufacturing processes, in run-off {rom agricultural
land, or from municipal effluents. This compound has been identified but
not quantified in New Orleans drinkiﬁg water (Dowty, et al. 1975).

8. Food

.
i

Information was found in the availabls liferszture concerning th

()]

concentration of dichloropropene in commercial foodstuffs. Thus, the amount
of this compound ingested by humans is not known. The U.S. EPA (197%a) has
estimated the weighted averags bioconcentration factor (8CF) of dichloropro-

pene to be 2.9 for the edible portions of fish and shellfish consumed by
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Americans. This estimate is based on the dctanol/water partition coeffi-
cient of dichloropropere.
C. - Inhalation
Atmospheric levels of dichloropropens have not besn measurad. How-
ever, it is estimated that about 8 percent of the dichloropropene which is
spplied to the soil as a fumigant is released to the atmosphere (U.S. EPA,
1979a).
III. PHARMACCKINETICS
A. Absorption
Data on the absorption, distrioution and metabolism of dichloropro-

- 3 Lt . ~ I YA - J A - - -
t locatad in ths availables litasrature.

m

nct ©
Data -on the excreticon of di;hlorcprc;ene oy numans could nol ce
located in the available literature. In the raf, hcwevef, znzroximaiasly EC
percent of an orzally administsrad deosge of Zichisrocozgarszs was elimimaizd in
the urine within 24 hours (ruisen, et al. 1871).
Iv. EFFECTS
A. Carcinogenicity'
van Duuren, et al. (1979) investigated the ability of dichloropro-
pene to act as a tumor initiater or cromciar in mouse skin, eor o nzusa
tumors after subcutaneous injection. Dichloropropene showed no initiation
or promoticn activity, and only local sarcomas developed in mice following
subcutanecus administration. In none of the studies were treatment-related
remote tumors- cohserved.
8. Mutagenicity
DeLorenzo, et al. (1977) and Neudecker, et al. (1977) reported that
dichloropropene was mutagenic in S. typhimurium stfains TAL535 and TAlQQ but

et .

not in TAl1978, TA1l537, or TAS8. 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 reactive as the trans-isomer.

C. Teratogenicity and Other Reproductive Effects
nent inTormation rtegarding the teratogenicity and other
reproductive effects could not be located in the available literaturs.

D. Chronic Toxicity

On exposurs of rats to 3 ppm dichloropropene for period of 0.5, 1,

2 or &4 nhours/day, 5 days a week for é months (Torkelson and Qyen, 1977), or
fats, quinea pigs, and rabbits to 1 or 3 ppm of dithloropropene, 7 hours per
day for lZS-lBQ days over a 180-day periocd, only rats exposed 4 hcurs/day at
The only <

3.0 oem showed an sffect (U.S. EPA, 1575a). was 3

cloudy swelling of the renal tubular epithelium which disaopezarzsd 3

QL
o
<

months after exposures ended.
V. AQUATIC TCXICITY
A. Acuis Toxicity

ests on the bluegili, Lepomis macrochirus, yielded a 96-nr LC.A
” e

value of 6060 pg/l for 1,3-dichlorcpropens expssure. For Daphnia mazcia, the

48-hr LC5y wvalue is 6,150 ug/l (U.S. EPA, 1978). The observed 9é-nt

LCSO for the saltwater myrid shrimp, Mysidopsis banhia, is 790 ug/l (U.S.
£Pa, 1978).
8. 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 96-nr

EC50 values for the freshwater alga, Selenestrum capricornutum, ars 4,950

3 -987-



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

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

1978).
D. Residuss
Measured steady-state bloconcentration fTactors (BCF) are not avail-
able for.l,S-dich;oropropene. A BCF of 19 has been eStimated based on the
octonol/water coefficient for 1,3-dichloropropene (U.S. EPA, 1579a).
E£. Other Relevant Information |
Following field application, movement *of 1,3-dichloropropene in
soil results in vapor-phase diffusion (Leistra, 1970). The distribution of
1,3-gickloroorogene within scils depends on soil conditicrs.
cis-1,3-dichloropropane is éhemically hydrolyzed in moist soils to the cor-
responding cis-3-chloroalkyl alcchol, which can be microbially degraced to
carbon Gioxide ana water oy ~ssugomonas sp. (Van Dijk 1574).

VI, ZXISTING GUIDZLINES AND ST2RMDARD

e T 7 + ¥ F Y - y - o s v 4 e
ieither the numan nealth nor tng aguatic criteria cerives by ULS.

[

(R}

(197%a), which are summarized oelow, have gone through the process of public
revizw; therefors, there is a possipility that these criteria will =e
changed.
A. Human
The draft water criterion for 1,3-dichloropropene is 0.63 ug/l
(U.S. EPA, 19793a)..
B. Aguatic
"The draft criterion to protect Freshwater;soecies is 18 pg/l as =
24-hr average not to exceed 250 ug/l at any time. For marine species, the
value is S;Sfpg/l as a 24-hr average not to exceed 14 pg/l at any time (U.S.
EPA, 1979).

A 768"



1. 3-DTCHLOROPROPENE

REFERENCES

DeLorenzo, F., et al. 1977. Mutagenicity of pesticides containing 1,3-di-
chloropropene. Cancer Res. 37: 3

Daowty, 8., et al. 1975. Halogemated hydrocarcons in New Orleans drinking
water and blecod plasma. Science 87:°75.

‘Hutson, D.H., et a ‘1971. Excretion and retention of components of the
soil fumlgant D-D R) and their metabolites in the rat. Focod Cosmet.
* Toxicol. - 677.

Leistra, M. 1970. . Distribution of 1,3- dlchloropropene over the phase in
soil. Jour. Agric. Food Chem. 18: 112a

Neudecker, T., et al. 1977. In vitro mutagenicity of the soil nematocide,
1,3-dichloropropene. hxperlentla 32: 8.

Sax, NI, 1975 Bangerous. Prpertlss of Industrial Matsrisls.,  Reinhold
)

Book Corp., New York )

N

Torkelson, R.R. and F. Oven. 1577. The toxicity of 1,3--dichlorcpronens as
gdetermined v repeated exposure of laboratory znimzls. Hour. Am. Ing. Hva.
ASsSOc. 38: 217

@]
jorl

o4, ;9 2. In-depth studiss on heslth and envirommsntal impacts
selected wataer pollutants. an Tact No. 68-0l-4646.
.

~U.S. EZPA., 1979a. Oichloropropanes/Dichloropropenes: Ampient Water GQuality
Criteria (Oraft) ., '
3
.S. EPA. 19799. Dichlorcpropanes/Richloroprepenes: zPA/ZCA0 Hazarc Pro-
1 . :

Yan Dijk, J. 1575. COCegradation of 1,3-dicrniorcpropenes in the soil. Agro-

Ecosystems. 1l: 193.

Van Ouuren, et al. 1979. Carcinogenicity at halogenated olefinic and
aliphatic hydrocarbons. (In press).



No. 82

Dieldrin

Yaalth and Eavironmental Zffacts

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

APRIL 30, 1980

-é? ;7‘9 -



DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exDosure to the subject chemi-
cal. The information contained in the regort is drawn chiefly
from secondary sources and avzilable raf

ference documents.
Because of the limitations of such sources, this short profile

may not reflect all available inZormation including all the
adverse health and environmentzl imgpacts presented by the
subject chemical, This document has undergene scrutiny o

ensure 1its technical accuracy.

-97/-



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.
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DIELDRIN
SUMMARY
Dieldrin is a compouna belonging to the group of cyclodiene

insecticides. The chronic toxicity-of low dcses of dielidrin
includes shortened life span, liver changes ana teratogenic effects.
The induction of hepatocellular carcinoma in mice by dieldrin
leaas to the conclusion that it is likely to be a human carcinogen.
Dieldrin has oeen found to be non-mutagenic in several test sys-
tems. The WHO's acceptable daily intake fo; dieldrin is 0.0001

mg/kg/day .
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investigated in numerous studies. The 9o-hour LC

tihe common fresnwater fisnh range from 1.l %to Zod upg/l. Tha acute

tests; LC., values for estuarine invertebrates range from 0.70

o

o]
to 240 ng/l. The only regorted chronic valuss are 0.11 ug/i

for steel head trout (Salmo guirdnes) in an embryolarval study
/1

ana 0.4 pug 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 £ish and inverteprates.
3lioconcentration factors were 128 for a fresnwater alga, L1395

for Daphnia magna, 2943 for the channel catfish, ana 8000 for

the edible tissues of the Eastern oyster.
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DIELDRIN

I. INTRODUCTION

This profile is based on the draft Ambient Water Quality
Critaria Document fcr Aldrin and Dieldrin (U.S. ZPA, 1979).
Dieldrin is a 'white crystalline substance with a melting point
of 176-177°C and is soluble in.ofganic solvents (U.S. EPA, 1979).
‘The chemical name ' for dieldrin 1is l,2,3,4,lOflthexachlor~6,7—
epoxy-1,4,4a,5,6,7,8,8a~octohydro-endo, exo—l,4:S,8-dimethaﬁona;h-
thalene.

Dieldrin is extremelv stable and versistant in the envircn-

PR - ] = ] - T - » 4 Foe . - - v ] -
arsistance 1s due to 1tgs eytremeliv low wola=zilic

v
N P4

‘ment. Its

g

7

(L.78 x 10~ mm Hg at ZDOC) and low solubilitv in water (186

pg/L at 25-29°C). The time reguired for 93 percent of ths digldrin

to disappear from solil nas been estimated to wvarvy from 5 to 25

years depending on the. microobial £flcra of the 35011 (Edwarzds,
g

1966} . Patil, et al. (1572} reported that dieldrin was not de-
graded or metabolizad in sea water or polluted water.
Dieldrin was primarily used as a otroad spectrum insecticide

until 1974, when the U.S. EPA restricted its use to t

D

rmite con-
trol by direct soil injection, and non-food seed and plant treat-
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, 19879). This decrease in use 5as been
attributed primarily to inc:easéd insect :esistance to dieldrin
and to development of substitute materials. Although the prgduc-
tion of dieldrin. is restricted in. the United States, formulated
products containing dieldrin are imported from Europe (U.S.

EPA, L1979).

A J7Y-



1I. EXPOSURE
A. Water

Dieldrin has been applieé to vast areas of agricul-
trural land and acuatic arsas in the United States, and in most
parts of &the world. As a result, tnis pesticide 1is found in
most fresh and marine waters. Dieldrin has been measured in
many fréshwaters of the United States, with mean concentrations
ranging from 3 to 395 ng/l in surface water and from 1 to 7 ng/1
in drinking water (Eéstein, 1976). Levels as high as 56 ng/1

have been found in drinking water (Harris, et al. 1977). The

P § -
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mated to be 723 days (MacKay and Wolkoff, 1973).
B. Food

Dieldrin 1s one o©of the most stable and persistant

~J

orcancchlorine gesticides (liash and %Woolson, 1887), =2nd becauss
it is Llipophilic, 1t accumulates in the food chain (wurster,
l97l).A Its persistance in soil varies with the %tvwoe of scil.
(Matsumura and Boush, 19567).

The U.S. EPA (1971) estimated that 99.5 percent of
all human beings have dieldrin residues in their tissue. These
residues are primarily due to contamination of foods of animal
origin. The overall concentration df dieldrin in the diet in
the United States has been calculated to be approximately 43

o~ dm 4 -
asclracted

ng/g of focod consumed (Epstein, 19768). The U.S. EPA h:

fu
(4}

[™h

the weighted average bioconcentration factor for dieldrin to
be 4,500 in the edible porticn of £fish and shellfish consumed

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

Vs
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steady-state bioconcentration studies in several species of fishn
and snellfish.
c. Inhalation

Dieldrin enters the air th

~

ough wvaricus mechanizsns,
such as spraving, wind action, water evaporation, and adhesion
to particulates. The U.S. EPA detected dieldrin in more than
85 percent of the air samples tested between 1970-1972, with
the -mean levels ranging from. 1 to 2.3 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.

3
r
(]

)

United

[

Las

poan
"

Although dieldrin is no longer used

{

States, there is. still the possicility. of airborne contamination

D. Dermal
o - Y EPR - g -~ M ] - = T -
Darmai =xposure to diesldrin is limited ©c those 1na-
PR B | e em oo [ . - =~ - - S PO BN
VOLVESL il 103 maituLalcldrlre Or appLicatlion as a pesticice. H“CLIE,

darmal abscrpiion cather than inhalation. The ban on the manufac-
ture of dieldrin in the United States has greatly reduced the
£isk of exposure.
III. PHARMACOKINETICS
A. Absorption
The absorption of dieldrin by the upper gastrointes-
tinal tract begins almost immediately after Sdral administration
'in cats and has been found to vary with the amount of solyent
used (Heath and Vandekar, 1964). These authors also demonstrated

that absorption takes place via the portal vein, and that dieldria
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could be recovered from the stomach, small intestine, large intes-~
tine and feces one hour after oral administration.

B. Distribution

3

“a distributicon of dieldrin has been studied in numer-
ous feeding experiments. 'Dieldrin has an affinity for fat, but
high concentrations are also reported in the liver and kidney,
with moderate concentrations in the brain one and Ewo 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 concegtration in the fat was 474 times that in the blood,

s,

wh tion in &the liver was

37
ek LS

)

iAo
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U

the concentr poroximateiy 28

the blood concentration.

(=

Additional animal studies on. the distribution of di

D

()

ad

drin have snown that concentrations in tissues are dose rela

vary with the sex ¢f the animal (Walker, =t al.

9693 .

[

and may

3

£

Matthews, et al. {(i3971) £found that female rats administered oral
doses of dieldrin had higher tissue levels of the compound than
male rats. The females stored the ccmpound predominatly as diel-
drin. In males, other metabolites, identified as keto-dieldrin
trans-~-hydro-aldrin and a polar metapolite, 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 0.356
Pg/g in one individual exposed to aldrin (aldrin is metabolized
to dieldrin) (Dals and Quinby, 1953;. The Aean concentrations
of dieldrin in the fat, urine, and plasma of pesticide workers
were 5.67, 0.242 and 0.0185 mg/g, respectively (Hayes and Curley,

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

to dieldrin and the concentration of dieldrin 'in the blcod and

A Q77 -



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

187

) .
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 (Wong and Terriere, 1965).

The metabolism of dieldrin has been studied in several

n
'3
D
0
~
(b
n
e
W
5]

ncluding micz, rats,. rabobits, and shee=D. Disldr:
metabolites have been identified in the urine and feces in the
form of several compounds wmore polar than the pvarent compound

{l.5. ERA, 13739). sedford and Hutson .(1976) summarized the four

»

o
Q

. P N
LNCWn metascld

roducts of dieldrin in rcdents as 6,7-Lrzans-

R

dinydrozy-dinydro—-aldrin {trans-diol} and tri-cyclic dicarporylii
acia (botﬁ of wnich are products of the transfcrmation c¢f the
epoxy group), the syn-iz-hydroxy-dielidrin  (a mconc-hydro deriva-
tive), and the pentachloroketone. Male rats have been' found
to metabolize dieldrin more rapidly than females (U.S. EPA, 1979),
and differences in the metabolism of dieldrin have been found
between species (Baldwin, et al. 1972).

D. Excretion

[t
[as]

Dieldrin is excreted mainly in -th 2c2s and, tO some

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

(U.S. EPA, 1979). However, rabbits fed 14

C-dieldrin over a 21
week period excreted 42 percent of the radioactivity by the end

of 22 weeks, with -2 to 3 times as much excreted in the urine

3
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as in the feces. Robinson, et al. (1869) found that 99 percent
of the dieldrin fed to tcats for 3 weeks was excreted during a
subsequent 90-day observation period. The half-life of dieldrin

in the liver and blcod was 1.3 days for the perio

jo})

of rapid =2limi-
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 ccncentration of dieldrin in &the urine of the
general human population is 0.3 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,; 1967). The halrc-1

for dieldrin in tne ptlocdéd of humans ranges £rcom 141-5%2 day

with a mean of 389 days (Hunter,.et al. 1569). Jager (1970;
c2ported -the half-lifs tc pe 260 Jdays. 3Bescause there 13 a rela-
tionship beitwesn the ccncantraticn of disldrin in thz 21004 and
that 1n adigcsze and cther tissues, it ssems likely that the halif-

life in the blood may reflect the over-all half-life in other

tissues (U.S. EPA, 1879;.

A. Carcinogenicity
Dieldrin has produced 1liver tumors in several strains
of mice according to six reports of chronic feeding studies (NCI,
1976 (43 FR 2450); Davis 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 (Treon and Cleveland, 1965; Cleveland, 1965;

_977,
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Fitzhugh, et al. 1964; Deichman, et al. 1987; Walker, et al.
1969; Deichmann, et al. 1970).

The only information concerning the carcincgenic poten-
drin- in man 1is an occugpational study by Verstesg
and Jager (1973). The workers had 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 efifects, incluéihg cancer, were observed.

‘B. Mutagenicity

Microbial assays concerning the mutagenicity of aldrin

s

and dieldrin have yielde i

negat
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0% activaticon system was added (Fahrig, 1573; Bidwell -~ =t al.
H

ost-mediated assav and a domi-

1375; MMarsnall, et al. 1976). A h

nznt lethal test, &isc yleldsa negative resulcts (bidwell, et
al 1879) Majumdéar, et al. (1%77),  however, found diszldri
ST e mutagenic in 3.  typhiphimurium, ‘altaocugn these Mgsitive

)
r=sults were .questioned Dbecause . several differences existaed: be-

tween their srocedures and those reccmmended (U.S. EPRPa, it ..

O
L]

A decrease in the mitotic index was observed in vivo

W“ith mouse bone marrow cells and in vitro with human lung cells

treated with 1 mg/kg and 1 pg/ml dieldrin, respectively (Majumdar,
et al. 1976).
D. Teratogenicity

In 1967, Hathaway, et al. established that J'4C—di

1Y

1-
drin could cross the placenta in rabbits. Dieldrin caused signifi-
cant 1increases in fetal death in hamsters, and increased fetal

anomalies (i.e. open eye, webbed foot, cleft palate, and others)

980~



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/Xg) {(Ottolenghi, et al. 1974). »

Uowever, in 3ubseguent studies no evidence has been

[d]

found that dieldrin causes teratogenic effects in mice anéd rats
(Chernéff, et al. 1975) or mice (Dix, et al. 1977).
D. Other Reproductive Effects
Deichmann (1872) reported that aldrin and disldrin
(25 mg/kg/diet) fed to mice for six generations affected ferti-
“lity, gestation, viability, lacfation, and survival of the young.

3 178 -
However, nc caan
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in mice administered dieldrin for day 6 through 14 of cestaticn

at doses alreadv mentioned in this report (0Ottclenghi, 2% 21,

u

‘
i

1374).

ne other eifescts produced by chronic administration

Q

Oof dieldrin to mice, rats, and dogs include shortened life span,

incr

1Y)

zsed liver to body weight ratio, varicus changes in Lliver
histology, and the induction of hepatic enzymes (U.S. EPa, 1979).

F.  Other Relevant Information

Since aldrin and dieldrin are metabolized by way of
the mixed function oxidase (MFQO) svstem and dieldrin has been
found to induce the production of these enzymes, any inducer
or inhibitor of the #MFO erzyvmes should aff;ct tae metaboliasm
of dieldrin (U.S. EPA, 1979). Dieldrin fed in low doses grior

to an acute dose of dieldrin alters its metabcoclism (Baldwin,

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. 1972).
V. AQUATIC TOXICITY
A. Acute Toxicity
The acute toxicity of dieldrin has been investigated
iﬁ numerous studies. Reported 96—hour LC50 values for freshwater

fish are 1.1 tc 9.9 Pg/l-for rainbow trout, Salmo gairdneri (XKatz,

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

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

1957); and 8 to 32 pg/1l for the bluegill, Lepomis macrochirus

. and Heande

=

£2n,

[
b=

(Henderson, et al, 1939, Macek, et zl. 1282; Tarzwe

¢

1957y . . Freshwater invertebrates appear to be more wvariable in

their sensitivitv to acute dieldrin toxicity. The 96-hour LC_
vazldigs rznge from J.3 ugs/Ll for the stone fly (3anders ana Cope,
19687 £o 740 pg/l £cr ths crayfish (Szncers, 1872;.

The ;cutefp 50 values IZor elght saltwater [ish species
cange from 0.66 to 24.0 pg/l in flow-through testé (Butler, 1953;
Earnest and Benville, 1972; Korn and Earnest, 1974; Parrish,

et al. 1973; Schoettger, 1970; and Lowe, undated). LC values

Y

i

ranging from 0.7 to 240.0 B9/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; 1978).
B. Chronic Toxicity
‘Chronic toxicity has been studied in two species of
freshwater fish. The chronic value for steelhead trout (Salmo

gairdneri) from an embro-larval study is 0.11 Hg9/1l (Chadwick
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and Shumway, 1969). For the guppy, Poecilia reticulata,- in a

life-cvcle test, the chronic value is 0.4 Fg/l (Roelofs, 1371).

C. Plant EZf£fects
Freshwater plants are less sensitivs to disldrin than

freshwater £fish or invertebrates. For example, a concentration
Oof 100 pg/l caused a 22 percent reduction in the biomass of the

alga Scenedlesmus quadricaudata (Stadnyk and Campbell, 1971),

and 12,300 Pg/l reduced growth by 50 percent in the diatom, Navi-

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

saltwater plant species growth rate was reduced. at concentrations
of aporoximately 9350 Fﬁ/l {Batterton, et al. 1971).
D. Residues
Bioconcentration factors (BCF) have Dbeen determined

Zor S £frsshwater species (U.S. EPA, 1373). Representative BCT

values are 128 £for the alga, Scencdeasmus obliguus {(Reineriz, 1972,

-

1395 for Daepnhniz magna (Reinert, 1972), 2385-2993 for the channel

catfish, Ictalurus punctatus (Shannon, 1977a; 1977b) andéd §8,258

for the vearling 1lake trout, Salvelinus namaycush (Reinert, etz

al. 1974). The edible tissue of the Eastern ovster, Crasscstrea

virginica, had a BCF value of 8000 after 392 days of =axposure

(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 desrived
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.
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A. Human

The current exposure level for dieldrin set by O0SHA
is an air time-weighted average of 250 Pg/m3 for skin absorption

- ~

(37 TR 22139). In 1965, the U.5. Public Health Service Advisory

Committee recommended that the drinking water standard for diel-
drin be 17 ng/l (Mrak, 1969). - The b.v. Food and Agricultural
Organization/World Health Organization's acceptable daily intéke
for dieldrin is 0.0001 mg/kg/éay (Mrak, 19589).

The carcinogenicity data of Walker, et al. (1972)
were used to calculate the draft ambient water gquality
~=2

{ na /L (0.8, Z2a, 1279y, Thiz lave

O - .
O di=2ilrin Oor 4.2 ¥

[

keeps the lifetime cancer risk for humans below 10~
B. Aguatic
The drait criterion to protect freshwater 1life is

-~

i, L as a Z+=-ncur avarage; ths concentration shculd nc
Pk~ 2=

exceed 1.2 ug at any time. TO protect salitwater aquatic life,

the draft criterion 1is 0.0069 ug/l as. a 2i-hour ave
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 availlable reference documents.
Because of the limitations of such sources, this short proiile
may not reflect all available ianformaticn including 211l the
adverse health and environmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure its technical accuracy.



0,0-0IETHYL DITHICPHOSPORIC ACID

Summary

There is no available information to indicate that o,o0-diethyl dithio-
phosphoric acid produces carcinogenic, mutagenic, teratogenic, or adverse
reproductive effects.

A possible metabolite of the compound, o,0-diethyl dithicphosphoric

acid, did not show mutagenic activity in Drosophila, E. coli, or Saccha-

romyces.

The pesticide phorate, which ‘may release o,0-diethyl dithiophosghoric
acid as a metébolite, has shown some teratogenic effects in develeoping chick
embryos and adverse reproductive effects in mice.

An azcute velue of 47.2 ug/l has teen reportied
to a diethvl dithicohaosghoric acid analogue, dicxathion. A& svpergistic

toxic effect with the latier chemical and malathion is sucgestad.
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I. INTRODUCTION

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

A. Water .

Pertirent data were not found in the available literature; how-

ever, if Foundvin water, its presence would most likely be due to microbial

acticn on phorate or disulfoton (Baugnton, et al. 1575), or as a contaminant

of arny of the above gesticides for which 1t .is & starting compound.
8 Food
Pertinent Zatz were nct Tound In the avelilazcls lltsIsturs; ncw-
ever, if oresent In Tocd, the compound woulcd protably criginmats foom the
same sources discussed above. Organophosphorus pesticide residues have heen
found in food (Vettcrazzi, 1975).
C. Inhalation
Partinent dztz were nct found in the availabls litsraftures; mow-

ezver, mgjor exposure could come from fugitive emissions in manufacturing
facilities.
D. Dermal

Pertinent data were not found in_the-availablg literature.
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ITI. PHARMACOKINETICS
A. Absorption
Information relating specifically to the absorption of 0,o0-diethyl
dithophosphoic acid was not found in the available literature. Acute toxi-
city studies with the pesticides disulfoton and 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 available 'literature. Oral
administration of labelled phorate, the S-~(ethyl thio)methyl derivative of
o,o-diethyl,_dithiophosphoric acid, to cows accumulated in liver, kidney,
lung, aiimentary tract, and glandular tissues; fat samples showed very low

residues (dowman and Casida, 1333).

~ Y =
c. Metabclism
- - - - - - - = . { 3 A A 1 s -~
rertinsnt cate weTe nol found in the availables litsrawure. Hziab-
V& mm ak - ot 3 A [P P 14~10%} Tz - -t T N p Aand s
clism studies with disulfcton (8ull, 1783) and pghoratz (Zowman and Casila,

1958) indiczte that both comncunds are sceonverted to disthyl c&os:hcrodithis-
ate, diethyl phorghorothicate, and diethyl phosphats.

D. Excretion

Pertinert dzta werz not found in the zvailable iibarzture. 2asad

[77]

on animal studies with related organophosphorous compounds, 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,o-diethyl dithicphosphoric atid,

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

A -9?575’-



long-term feeding. No carcinogenic effects were noted in either species
(NCI, 1978).
B. Mutagenicity
Diethyl phosphorothiocate, a possible metabolite of the parsnt ccm-
pound, did not show mutagenic activity in Orosophila, E. coli, or §§EE§§'
romyces (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
cral Teeding study conducted in miée with phorate (0.8 to 3.0 pgm) indiiated

o .
i g 14 ~
comeoung did

~f -~ T TR Sy
~ i e - }J -

-

(NCI, 197%9).
" E. - Chronic Toxicity
Chronic fegeding " of technical dicxathicn produced hyperplastic
o7 m2ls o

3

rodolizs in liver

n

2, . o,n-Diethyl dithicohoscheoric zgid, like
other organcophosphates, 1is expected to produce cholinesterase inhibition
(NAS, 1977).
V. AQUATIC TOXICITY

A.  Acute

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

trout (Salmo - gairdneri) - exposed to the dithicdioxane = analogue °* cf

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

7 %76 -



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

erature.
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal., The information contained in the report is drawn chiefly
from secondarv sources. and avallablie reference documsnts.
Because of the limitations of such sources, this short profile
may not reflect all available infecrmation 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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0,0-DIETHYL-S-METHYL PHOSPHORCOITHIOATE

Summary

There is no available information on the possible carcinogenic, muta-
genic, teratogenic or adverse repreductive effects cof o,c-diethyl-S-methyl
‘phosphorodithioate. Pesticides containing the o,0-diethyl phosphoro-
dithioate moiety did not show carcinogenic effects in rodents (dioxathion)
or teratogenic éffects in chick embryos (phorate). The possible metabolite
of ‘this compound, o0,0-diethyl phosphorothicate, did not show mutagenic

activity in Drosophila, E. coli, or Saccharomyces. o,o-Diethyl-S-methyl

phosphorodithicata, like other organcphcsphate compounds, 1s expected to

sraduce cholinesterzse inhibition in humans.

-

There is no available data on the aquatic toxicity of this compound.
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0,0-DIETHYL-S-METHYL PHOSPHORODITHIOATE
1.  INTRODUCTION
. 0,0-Diethyl-S-methyl phosphorodithiocate (CAS registry number 3288-58-2)
is described in German oatents 1,768,141 (CA 77:15146l1s) and 1,233,390 (CA
66:11532&p5. The latter states the compound has "partly insecticidal,
' acaricidal and fungicidal activity" and is useful as an intermediate for

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

Formula: _ CsHyz

Molecular Weight: 200

S0iling Point: 100cc to 1029C (4 torr)
(CA 55:8333h) _

Density: - 1.152420 .

(CA 55:3335n) - L)

Pertinent data were not found in the available litsrature with respect
ta production, cormsumpticn or the current use of this compoound.
T, EXPOSURE.

Pertinent data were not found in the available lite;tyure.
IIT. PHARMACOKINETICS

“A.  Absorption

Information relating specifically to the absorption of o,0-di-

ethyl-S-methyl phosphorodithicate was not found in the available lifer-
ature.  Oral administration of the S-ethylthio derivative of this compcund,
the insecticide phorate, indicates that this. derivative is.absorbed from the
-gastrointestinal tract (Bowman and Casida,.1958).
.8. Distribution
Pertinent data were not found in the avéilable literature.
Studiesvwith 320 radiolabelled phorate in the cow indicated that following

oral ' administration, - residues were found in -the liver, kidney, - lung,
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alimentary tract, and glanQular tissues; fat samples showed very low
residues (Bowman and Casida, 1958).
C. Metabolism
Pertinent data were not found in the available literature. B8ased
on metabolism studies with varicus organcphosghatas in mammals, c;c-diethyl-
S-methyl phosphorodithioate may be expected to undergo hydrolysis to diethyl
phosohorodithioié acid; diethyl‘phosphorothioic acid, -and diethyl phosphoric
acid (Matsumura, 1975). ' |
D. Excretion
Pertinent data were not found in the available literature.
Related metabolites {0,0-diethyl phosphorocdithicic, ghoschorothicic, and
phosphoric zcids) have been identified in the urine of rats f=d cherats

(Rowman and Casida, 1958).

im

Iv. FFECTS

=

. Carcinogenicity

Pertirent data wers not fcurg in the availsbls literaturzs. The
-5i0xane-3-3-diester with o0,0-diethyl phosgnoredithicate, dioxathion, has
peen testea for carcinogenicity in:mice and rats by leng-term feeéing. NO
carcinogenic effects wers nofed in either species (NCI, 1978).
3. Mutagenicicy

Pertinent data were not found in the available literature.

Diethyl phosphoreothioate, a possible metabolite of the parsnt compound, did

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

1974).
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c. Teratogenicity

Pertinent data wére not found in the available literature.

In-

jection of phorate into devéloping chick embryocs has been reported to pro-

duce malformations (Richert and Prahlad, 1972).

0. Other Reproductive Effects

Pertinent data were not found in the available literature. An

oral feeding study conducted in mice with phorate (0.6 to 3.0 ppm) indicated

that the highest level of compound did poroduce some adverse reproductive ef-

fects (American Cyanamid, 1966). Chronic feeding of rats with technical

dioxathion at levels from 450 to 60C ppm produced some testicular atrophy

(NCI, 1978).

Chronic Tezcing of technical dioxathion procuced hvoerplastic nodules in the

livers gi wmele mica. 3,0-Diethyi-3-methvl ohosonorogithicate, -L;xe
organoonospnates, is éxpected to procduce cholinesterase inhibition
1977).
V.  AQUATIC TOXICITY

Pertinent data were not found in the availables literaturs.

VI, ZHISTIMG CGUIDELIMZIZ AMD STANDARCS

othne:r

(NAS,

Existing guidelires. and standards were not found in the available

literature.
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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 avallablz @ referenc: documsnts,
Because cf the limitations of such sources, this short profile
may not reflect all available infcrmztion including all the
adverse health and environmental imcacts presented by the
subject chemiczal, This document has undergone scrutinv to
ensure 1its

=/ 007 -



DIETHSYL PHTHALATE
| SUMMARY

Diethyl-phthalate has been shown to producé mutagenic
effects in the Ames Saimonella assay.

Teratogenic effects were reported following i.p. admin-
istration of diethyl phthalate to pregnant rats. This same
study has also indicatéd fetal toxicity and increased resorp-
tions after iQp. administration of DEP.

. Evidence that diethyl phthalate produces. carcinogenic
affects has not been found.

A single clinical report iq?icates that the development
of hepatitis iﬁ several hembdialysis patients may have been
hthalate £rom the ©vlastic

o0f diethyl

w -~ . b .
related %o 1le=achin

[ie]
a3

0t
e

Diethvl ophthalate appears to De more toxic for marine
species acutely tested, with a concentration of ‘7,520 ug/1l
being reported as the LC50 in marine invertebrates. The

B

halates to

o]
cr
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~ 7 - .
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data base fcr the toxic e2ffects o©
aguatic. organisms - is - 'insufficient to draft. criterion for

their protection.
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DIETHYL PHTHALATE

I. INTRODUCTION

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

Dietnvl phthalate (DEP) i1s a diester of the 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 water (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/vear (U.5. £PA, 197%aj.

-Phthalates have been detected in soil, air, and water

samples; in animel and human tissues; and in certain vagata-

Phthalats ssters apgear in all areas ¢©f the eavircen-
ment. Environmental release of the phthalates may occur
through leaching of plasticizers from plastics, volatiliza-
tion of phthalates from: plastics, and the .incineration 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, 197%a).
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Monitoring studies have indicated that most water phthal-
ats concentrations are in the ppm range, or 1-2 pug/l (U.S.
EPA, 1879%a). Industrial air monitoring studies have mea-
sured air levels of phthalates from 1.7 to 66 mg/ni3 {(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 estimaté is based on measured- steady-state bioconcen-
tration studies in bluegills.
III. PHARMACOKINETICS

Specific informaticn 1s ngt available on the absoro-
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aA. Carcinogenicity
Pertinent information could not be located in

the avallable literature.

~

B.. Mutagenicit

[ el

Diethyl phthalate has been shown to pfoduce muta-
genié effects inlthe_Ames Salmonella assay (Rubin, et al.
1979). | |

C. Teratogenicity
Administrétion of . DEP to pregnant rats. by 1i.p.

injection has been reported to produce teratogenic effects

(Singh, et al. 1972).
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D. QOther Reprodu;tive Effects
Fetal toxicity and increased resorptions were
produced following 1i.p. 1injection of pregnant rats with
DEP (Singh, et al. 1972).
z. Chronic Toxicity
A single clinical report has been cited by the
U.S. EPA (1979a) 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
Al Acuce Toxicity

Among agquatic organisms, the bluegill sunfish,

crate, Daphnia magna, & 48-hour s:tztic LC50 cf 51,100 pg/l

#as obtained. Marine organisms prcved to be more sensitive,

with the sk

o
17

spshead minnow, Cyprincdon variegatus, showing

a 96-hour static LCg, °f 29,500 pg/1l, while the mysid shrimp,

Mysidopsis bahia, showed an 96-hour static LCgy of 7,590

ug/1l (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-

&
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strum capricornutum, ranged 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 (1979a), which are summarized below, have

gone through the process &f review; therefore, &there is

1

a possibi;}cy that these criteria will be chnanged.
a. Human
Based on "neo 2£fzcc” levels cobserved in chronic

f22ding studizs with ra2ts or dogs, the U.3. ZPA nas calcu-

latad an. accerntanle daily intake /ADI) level of 438 mg/dav

;?fhe recommended water guality criterion level
fcr protection <f human hnheaith. is 30 mg/l - £cr DEP (U.S.
EPA, 1979a).
B. Aqﬁatic
Data are insufficient to draft criterion for the
protection of 'either freshwater or marine organisms. (U.S.

EPA, 197%a).
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. DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. ' The information contained in the report is drawn chiefly
from secondary sources and available rsiIzrence Jdocuments.
Because 0f the limitations of such sources, this short proiile
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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D IMETHYLN ITROSAMINE
SUMMARY

‘Dimethylnitrosamine produces liver and kidney tumors
in rats. It is mutagenic in several assay systems. No
~information specifically dealing with the teratcgenicity,
chronic toxicity-or other standard toxicity tests of dimethyl--
nitrosamine was available for review.

Hepatocellular cércinoma has been induced in rainbow
trout administered 200 to 800 ug dimethylnitrosamine in

their diet.
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DIMETHRYLNITROSAMINE

I. INTRODUCTION

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

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

Dimethylnitrosamine can exist for extended periods

of time in the aquatic environment (Tate and Alexander,

1$75; Fine, et al., 1577a).

ted

v

Dimethylnitreszmine has been & t a ccncen-
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atment olants adjacent to. or raceiving effluent from,.
industries using nitrosamines oOr secondary amines in produc-
ticn operations (Fine, et al., 1977b).

3. ccd

L85}

Dimethvlinlitrosamine was round tO 0e oresent in
a variety of foods {(including smoked, dried or. salted fisnh,
cheese, salami, frankfurters, and cured meats) in the 1
to 10 p/kg range and occasionélly at levels up to 100 pg/kg
(Montesano and Bartsch, 1976).

The U.S. EPA (1979a) has estimated the weighted
average bioconcentration factor for dimethylnitrosamine

for the edible portions of fish and shellfish consumed by

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

Dimethylnitrosamine has been detected in ambisnt
air samples collectzd near two chemical piants, one using
the amine as a raw material and the other discharging it
as an unwanted byproduct (Fine, et al., 1977a).

Tobacco smoke contains dimetbylnitrosaminé. The
intake of dimethylnitrosamine from smoking 20 cigarettes
per day has been estimated at approximately 2 pg/day (U.S.
EFA, 1579a). |
TII. FHARMACCRINETICS

A. Absorption

Pertinant data could ncht ze
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apls iiterature
2. D

istribution
Following intravencus injecticn into rats, dimetny

nitrosamine is rapidly and rather uniformiv dist

t
"
™)
o
[
r
1
N

. mhrcucgchout the —ody (Magse, 1972).

el wia

C. Meca;oiism ana sxcrecion

In vitro studies have demonstrated that the organs
in the rat with the.major‘capacity for metabolism of dimethyl-
nitrosamine are the liver and kidney (Montesano andéd- Magee,
1974). After administration of l4c—labeledfdimethylnitro—
samine to rats- or. mice, apout 80 percent of the isotope

»

appears as l4CO2 within 12 hours, while 4 percent is excreted
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in the urine (Magee, et al., 1976). Dimethylnitrosaminq
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 tumecrs in rats and liver tumors in hamsters

{Magee and Barnes, 1953; Tomatis and Cafis, 1967). A single

i #)

unspecifiied intraperitonezl dose given to newborn mice in-

duced hepatocellular carcinomas (Toth, et a2l., 19264).

3. Muctagenicity
Pimethylnizrcsamine znd diethvlnitrosamine have

0 -induce forward and reversa mutations in

P

ed
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een repor
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5. cypnimurium, E. <oli, Neurcsoora crassa and other orgenism

gene recombinatzicn and conversion in Saccharomvces csrevisi
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aperracions in mammalian celils (Montesano and Bartscn, 19786).
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,
1979a). ) -

C. Teratogenicity and Other Reproductive Zffects

Pertinent information could not be- located in

the available literature on the teratogenicity and other

reproductive effects of dimethvinitrosamine.
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D. Chronic Toxic;ty
Pertinent information could not be lccated in
the available literature on the chronic activity of dimethyl-
nitrcsamines.
T Other Relevant Informacion
Aminoadetonitrile, which inhibits the metabolism
of dimethylnitrosamine, prevented the toxic and carcinogenic
affacts of dimethylnitrosamine in rat livers (Magee, 2t
al., 1976).
Ferric oxide, cigarette smoke, volatile acids,

aldenydes, methyl nitrite, and benzo(a)pyrene have been

nitro-samine (Stanback, et al,, 1973; Magee, et al., 1978).

noXicinyv was not found in kthe available lifaratures, 2Addition-
21ly, no menticn was made in any reports atout planc effecis
or ra2sidues.:

One s3tudy rsgorted that 3hasta strain rainbow &zouc

iSalmo gairdneri;, fed dimerhylnitrosamine in their diet

[

for 52 weeks, developed a dose-response 1incidence . .of ‘hepato-
cellular caréinoma during a fange of exposures from 200

to 3800 mg dimethylnitrosamine per kg body weight 32 to 78
“weeks after -dosing (Grieco,i1978). ‘

VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor aquatic criteria derived

by U.S. EPA (1979a), which are summarized pelow, have gone

g0~



througn the process of public review; ther=zfore, there is
a possibility that these criteria may be changed.
A. ~ Human
The U.S. EPA (1979a) has e=stimated that the water
concencrations of dimethylnitrosamine corresponding to life-
time cancer risks for humans of 107>, 107°, or 1077 are
0.026 pg/1l, 0.0026 pg/l, and 0.00026 pg/l, respectively.
B. Agquatic
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 avallabla rz2fa2rence documents,
Because ¢f 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 its technical accuracy.
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2, 4-DIMETHYLPHENOL
‘ Summary

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

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

A reported 96-hour LCSO value for fathead minnows is 16,750 ug/l;
chronic value using embryo-larval stages of the same .species is 1,100 ug/l.

Daohnia magna has 2an cbsarved  48-hour LC50 valee. of .2,120 ug/l. In

limited testing, one aquatic alga and auckweed are aver 100 times less

sensicive t{han the Dapnnia in acute =xcosures. The blecceoncentration facter

I~

for 2,4- dimethyipnenci is 130 for the oluegill. From nair-iife

V23

Tugiss,

gsicues of the cremical are not a ootential nazard rer azquatic se
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I. INTRCDUCTION

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

2,4-Dimethyiphenol (2,4-DMP) is derived. from coal and petroleum scurces

and ccours naturally in scme nolants.  2,4-DMP (C8H 0) is wusually found

10
with the five other dimethylphenol and three methylphenol iscmers. It has a
molecular weight of 122.17 and normally exists as a colorless crystalline
solid. 2,4-0MP has a melting point of 27 to 28°C, a deoiling 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-DMP is a weak acid (ok_-

(=

a.

[0)N

) 2nd is solubple in aikaiire solu-
tions. It readily dissslves in organic sclvents and is sligntly soiusle in
water (Weast, 1976).

2,4=-0MP is a cremical intermecisie in the manufacturz of & number of
industrial anc agricultural products, inciuding ghenolic antioxidants, dis-
;nfectants, soivents, pharmaceuticals, insecticides, fungicides, plas
cizers, ruboer chemicais; polyphenylene oxicde, weiting agents, and dye-
stuffs. It is also found in lubricants, gasolines, and cresylic acic {U.S.
EPA, 1979).

very 1little information exists on the envircnmental persistsnce of 2,4-
DMP. Complete biodegradation of 2,4-CMP gccurs in spproximately two months
(U.S. EPA, 1979); however, no environmental conditions were described.
II. - 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 concentrations of 2,4-DMP present

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

-/03 7~
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and on the efficiency of water treatment systems in removing phenolic com;
pounds. In the U.S., the gross annual discharge of 2,4-DMP into waters was
estimated to be 100 tens in 1975 (Versar, 1975). Manufacturing was the lar-
gest source of the discharge. Leachatss .from municigal and industrial
wastas also contain the compourd (U.S. EPA, 1979).

Hoak '(1957) determined that, at 30°C, the odor threshold for 2,4-
DMP was 55.5 pg/l.

8. Foocd- ‘

OMP's occur naturally in tea (Kaiser, 1967), tobacco (Baggett and
Morie, -1973; Spears, 1963), marijuana (Hoffmann, et al. 1975), and a conifer
(Gornestasva, ot " al., 19877). There is no eviéehce to0 suggest that
- dimethylphenols occur in many plants wsed for ftood; however, it may 'oe_
assumed that trace amounts are ingested (U.S. EPA, 1979). »

ne 4.S5. ZFA (1579) nas esctimated the weightec averaces oiocon-

nis astimate is basec on Tne measurss
steady-state dicconcentration sthdies in the bluegiil.
C. Inhalaticn

2,4—Dimethyiphen§l has been found in commercial degreasing agents
(NIGSH, 1578), cresol vapors (Corcos, 1939), cigarette smoke condensates
(Baggett and: Morie, 1973; Hoffmann and Wynder, 1963; Smith and Sullivan,
1964), marijuana ci’garétte'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
cigarettes ranged from 12.7 to 20.8 mg/cigarette without filters and a’.a to

‘9.1 mg/cigarette with filters (Hoffman and Wynder, 1963).

/08 -

s~



There is no evidence in the available literature indicating that
humans are exposed to 2,4-DMP other than as components of complex mixtures.
Adverse health effects have been found in workers exposed to mixtures con-
taining amcunts of 2,&— MP; bncowever, the sffects were not sttributed fo
dimethylphencl exposure per se (NIOSH, 1978).

D. Dermal

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

II1. PHARMACCKINETICS
A. Absorption

2,4-0MP is readily absorbed through the skin (U.3. ZF4, 1S75). The
dermal LD50 for molten z,4-DMP is 1,040 mg/kg in the. rat (Uzhdovini, et .
al. 1974).

8. Oistriputicn

£

U.S. gPA (1979) found no gertiment cata on the distrisution of 2,4-

[

OMP in humans or animals in the available literature. 2,6- or 3,4-0MP given
orally to rats for eight months caused damage to the liver, spleen, kidneys,
and heart (Maazik, 1563).

C. Metabolism

Urinary metabolites, resulting from oral administration of 850 mg

of 2,4-OMP to rabbits, were primarily ether-soluble acid and ether glucuro-
nide, with lesser amounts of ethereal sulfate, ester glucuronide and free
non-acidic phenol (Bray, et al. 1950). Similar metabolism of the other
dimethylphenol positionsl isomers was teported. ‘

D. Excretion ,

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

metabolism and excretion of 2,4-DMP.
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Iv. EFFECTS
A. Carcinogenicity
Epidemiologic studies of workérs exposed to 2,4-OMP were not loca-
ted in the availabls litsrstura. ‘
In a carcinogenicity bioassay, 26 female Sutter mice were dermally
exposed to 25 ul of 20 percent 2,4-OMP in benzene twicé 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). 1In a related study, Boutwell and Bosch (1959) applied 25 ul of 20
percent 2,4-OMP in. benzene to the skin of female Sutter mice twice a week
for 23 weeks faollowing a singla applicaticn of 2 subcarcincgenic dosz (73
Fg) of OMBA. FPapillomas or carcinomas developed in 18 percent .of the mice,
indicating that 2,4-DMP may be a promotihg'agent for carcinogeresis.
Fractions of cigarétte smoke condensate containing prenol, methyl-
shenols and 2,4-CMP have Szen snown to oromote carcincgenesis in mcuse skin
bioasSays (Lazér,-et al. 158s; Zock, et al. 1971; Roe, et al. 19533).
8.  Mutagenicity, Teratogenicity and Other Reprocuctive Effacts
Pertinent data could not be located in the availablie literature
regarding mutagenicity, teratogenicity and other reproductive effects.
C. <Chronic Toxicity
Pertinent information concerning the chronic effects of 2,4- OMP
‘was ndt'located in the available literaturel(U.S. EPA, 1979); however, data
was avéilable on other positional isomers. Examination of rats treated.
orally with & mg/kg of 2,4-dimethylohenol or l4 mg/kgfof 2,4~dimethylphencl

for eight months revealed fatty dystrophy and atrophy of the hepatic cells,
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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. Other Relevant Informaticn
Tests on isolated rat lungs indicate that 2,4-OMP may inhibit vaso-
constriction, most likely due to its ability to block ATP (Lunde, et al.
1968). Because of 2,4-DMPfé physiological activity, U.S. EPA (1979) reports
that chronic exposure to the cqmpound may cause adverse health effects in
humans.
V.  AQUATIC TOXICITY
Pertinenf data coulcd nct be lceated in the gvailabls literaturz o=-
garding any saltwater species. -
A. Acute Toxicity

A reported 96-hour LC=O value tTor Jjuvenile ftathead minncws is

16,750 g/l (U.S. EPR, 15732). Fer the fresnwatar invertagrata Qaphnia

- P

magna, tne ocgserved 48-nour LCSO is 2,120 g/l (U.S. =P3, 1579).
8. Chronic Toxicity
Based on an embryo-larval test with the fathead minnow, Pimephales
gromelas, the derived chronic value is 1,100 pg/l (U.S; EPA, 1978). No
chronic values are availaple for iInvertebrate species.
C. Plant Effects
‘Based on éhlorosis effects, the reported LC50 for duckweed, Lemna
minor, is 292,800 pg/l for 2,4-dimethylphenol exposure (Blackman, et al.
1955). '
D. Residues )

A biocconcentration factor of 150 was obtained for the bluegill.

The biological half-life in the bluegill is less than one day, indicating
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- that 2,a-dimethylphenol residues are probably not a potenﬁial hazard for
aquatic organisms (U.S. EPA, 1978).
VI. EXISfING GUIDELINES AND STANDARDS
Standards have not been promulgated for 2,4-OMP for any sectof cf the
environment or workplace.
A. Human
The draft criterion for 2,4-dimethylphenol in water recommended by
the U.S. EPA  (1979) is 15.5 g/l based upon the prevention of adverse
éffects attributable to the drgaholeptic properties of12,a-DMP.
- B. Aquatic
For 2,%4-dimethylphencl, the draft criterion to protect frashwatsr
aquatic life is 38 ug/l as a 24-hour average; the concentration should not
-exceed 86 pg/l at any time. No-criterioh exists for saltwater species (U.S.

EPA, 1575).
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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 informaticn contained in the report is drawn chietfly
from secondary sources and availabls resference documents.
Because of the limitations of such sources, this short profile

may not reflect all available informztion 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 3almonella assay.

Administration of dimethyl phthalate to pregnant rats
by i.p.-injection has been reported to produce teratogenic
affects in a single study. QOther reproductive 2ffects pro-
duced by dimethyl phthalate included impaired implantaticn
and parturition in rats following -i.p. administration.

Chronic feeding stﬁdies in female rats have ‘indicated

n =ffsct o©f dimethyl pnthalace on the kidneys. There 1is

[\

no evidence to indicate that dimethyl phthalats has carcino-

genic eff=acts.

Amcnc the four agquatic =spscies examined, £freshwaiter
£fish and invertebrates apbeared t0O bhe more gangitive *=han
their marine counterparcts. Acute toxicityv values at concen-

trations of 49,500 pg/l1 were obtained for freshwater £fish.
Critericn could not be draited because of insufficient data
concerning the toxic etffects of dimethyl phthalates to aguatic

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, 1%979%a).

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, 1979%a). |

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

Current Preocduction: 4.9 x Aﬂz toﬁs/yearf‘*\i977 {U.3.

EPA, 1979%a).

tion. BEvidence from in vitro studies indicataﬁwﬁhat sertzin
mencester form (Englehardt, et al. 1975). .

For zdditicnal information :ggacding the ©poathalate
esters 1n general, the reader is referred to the EPA/ECAO
Hazard Profile dn 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
leaéhing of the compound from plastics, volatilization from
plastics, . or the incineration of plastic items. Sourées
of human exposure to phthalates include contaminated foods

‘and £ish, dermal application, and parenteral administration

L p3 -



by use cf 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 ©f contact (U.S. EPA, 197%a).
Monitoring studies have indicated that most water phtha-
late coﬁcentrations are in the ppm range, or 1-2 Ag/liter
(U.S. EPA, 197%a). Industrial -air monitoring studies have
measured air levels of phthalates from 1.7 to 66 mg/m3 (Mil-
kov, et al. 1973). Information on levels of DMP in foods

is not available.

The 7.S. EPX (197%a) has estimatced the weighted averacs

J

bioconcentration factor for BMP to be 130 for the. edible
portions of fish and shellfish ccnsumed by Americans. This
estimace 1is based on the measured steadv-state bioconcen-
zration studies in bliuegills.
~IIT. PHARMACOKINETICS

Specific information is not available on the absorp-
tion, distribution,'metabolism, or excretion of DMP. The
reader is referred to a general coverage of vhthalate metabo-
lism in the phthalate ester hazard profile (U.S. EPA, 1979b).
IV. EFFECTS

A. Carcinogenicity

Pertinent data could not be located in the avail-

literature.

fu
O
’._‘
14

B. Mutagenicity

‘Dimethyl phthalate has been shown to produce muta-
genic effects in the Ames Salmonella assay (Rubin, et al.

1979).
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c. Teratogenicity
Administration of DMP to pregnant rats by 1i.p.
injection has been reported to produce teratogenic effects
(Singh, et al. 1972). Intraperitoneal administration of
DiP - to pregnant ‘rats in another study did not result in
teratogenic effects (Peters and Cook, 1973). |
D. D.' Other Reproducti&e Effects
Adverse effects by DMP on implantation and parturi-
tioh were reported by Peters and Cook (1973) following i.p.
administration of the compound to rats.
E. Chronic Toxicity
Two-y2ar £feeding studies witih dietary DiP have

produced some kidney effects in female rats and minor growth

2£facss (Draize, =t al. 1943).
7. AQUATIC TOXICITY
A. acute Toxicity

"Two Creshwater species were examined for =zacute
toxicitvy from dimethvl phthalate exposur=. The 48-nhour

static LC g £fcr the Cladoceran, 2agania magna, was 33,000

Pg/l {U.5. EPA, 1978). . The 9Y6-nour static LCSO,vaiue for
Q

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

marine species, 96-hour. static LCgq values for the sheeps-

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

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

B.  Chronic Toxicity

Pertinent information could not be . located in

the available literature.
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c. Plant Effects
Effective concentrations based on chlorophyl a
content and cell number for the freshwater algae 3elena-

strum capriccrnutum and the marine algae Skeletonema costa-

tum ranged from 39,300 to 42,700 ug/l and 26,1060 to 29,300

g/l, respectively.’

i o

D. Residues
A biocconcentration factor of 57 was obtained for

the freshwater bluegill, Lepomis macrochirus.

VI. EXISTING GUIDELINES AND STANDARDS
Neither the human health nor the aquatic criteria deriwved

by U.S. EPA (187%9a).. which are summarized »>elow, hnave gcne
, . :

-~ T . . . .

L public review; thererore, there 1is

througn tne process O
a4 possipbility that these criteria will be changed.
A. guman

3ased on "no effect” levels oopserved 1In carcnic

TR

feeding studies in raits and dogs, the U.3. ZPA (187%a) has

calculated an accep. ble daily intake (ADI) level of 700

ma/day for DMP.

I'n

-~
~

{0
’“J

{n

it P - | srm 1121 9 =es i~ 3 et 3
The reccmmended water guality critsri L

£

protection of human health 1is 160. mg/liter for DMP (U.S.
EPA, 197%a).
B. Aquatic
The data base for toxicity of dimethyl phthalate
was 1insufficient £for drafting criterion for either £fresh-

water or marine organisms (U.S. EPA, 1979a).
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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 tnhe limitations of such sources, this short grofile
may not reflect all available information inrcluding all the
adverse health and environmental impacts presented by the

=

subject chemical. This document has undergene scrutiny ¢t
-ensure 1ts technical accuracy.
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DINITROBENZENES

Summary

teratogenic effects, or adverse reproductive effects can be mace.
Dinitrobenzene is thé most potent methemoglobin-forming agent of the
nitroaromatics and repidly producss 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.
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DINITROBENZENE
I.  INTRODUCTICN

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

Thne dinitrobenzenes exist as the orthao, meta, or para isomers, depend-
ing on the position of the nitro group substitutents. Ortho-dinitrobenzene
(1,2-dinitrobenzene, M.W. 168.1) is a white, crystalline solid with a toil-
ing point of 319% , a melting point of llSOC, and a specific gravity of
1.57. Meta-dinitrobenzene (1,3-dinitrobenzene) is -a yellow, crystalline
sglid that melts at 89—90°C, goils at: 300-303°C,. and has a density of
1.55. Para—dln itrohenzene (l,a-dinitrobenzene)A is a white, crvstalline
sclid with a boiling point of 2557C, a melting point of 173417&00, and a
density of 1.63 (Wincholz, 1976). The dinitrobenzenes have low agqueous
sclubility and are scolullz in aloohel.

The dinitrobenzenes‘a:e-used-in crganic syninegsis, the ooocucoion of
cves, and as a camphor substitute in celilulzicd croduction.

The domestic production volume .of meta-dinitrobenzene in 1572 was
aoproximataly 8 x 10° tons (U.S. EPA, 1978).

Dinitrcbenzanes ars gererally stacis in neutral agueous solutions; as
the medium oecomes more. alkaline they may underge hvdrolysis {turto, 1966).
Para-dinitrobenzene will undergo phoﬁochemical reducticn in isoproparol
under nitrogen,. but this reaction is gquenched when the solvent is aerated
(Hashimoto and Kano, 1972).

Biodegradation . of dinitrobenzenes has been redorted for acclimated
microorganisms (Chambers, et él. 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.
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EXPOSURE

Industrial dinitrobenzene poisoning reports have. shown that workers
will develop intense cyanosis with only slight exposure (U.S. EPA, 1978).
Exposure to sunlight or ingestion of alcohol may exacerbate the toxic
effects of dinitrohenzene axposurs (U.S. EPA, 1975).

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

III. PHARMACOKINETICS .

A. Abscrption

cates that absorpticn of the compound by inhalztisn/dsomzl routss ocours.

Animal stugles demonstrate tnat dinitropenzene is absorbed following oral

Fariinent infcrmztion on glstribution of dinitrckbenzenszs was not

H -~ mygm s T A ITheawmat,,
found in the available literature.

O
=
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Dinitrocenzane undergoss both metabolic reduction zard cxidaticn.
2 major rzcducticon productions Tollowing oral
dinitrobenzene administratidn were nitroaniline and phenylene diamire (333
of the administered dose) (Parke, 196l). The major oxidative metabolites of
meta-dinitrobenzene were 2,4-diaminophenol (31% of initial dose) and
2-amino-4-nitrophenol (14% df initial dose). The phenols are further con-

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

/0¥ -



D. Excretion

Oral administration  of radiolabelled meta-dinitrobenzene to .
rabbits was followed by elimination of 65-93% of the .dose within two days.
Excretion was élmost entirely via the urine; 1-5% of the administered label
was determinec in the fecss (Parke, 1941). |
Iv. EFFECTS

A. Carcinogenicity

Information on the carcinogehicity of the dinitrocbenzenes was not

found in the available literature. oo~
B. Mutagenicity
Information on the mutagenicity . of the dinitrcbenzenes was not

X + 1 b R LI T, ~ -2 LR ey A, - - Tl L
found in ths zvzilable litsrzturs. The possible dinitoobenzens metazolils,
}

Informatlon on tne feratogenicity of the dinitrobenzeres was not

found in the =.3ilable litsrature. The cossible dinitrobenzene metacolits,

dinitrophencl "4, 5. EPA, 1979), has procuced developmental abnormélities in

the sea urchin (Hagstrom and Lonning, 1566). Nc effects were szzn “3llowing

.:__::,s'_.jA,, A~ ommal Aot Al Al -
L Te il de Uelam Teriies s PRCYVSY= SUNRBIS B

2
i
~

Ginitrophenol to mice (Gibsocn, 1573).
D. Other Reproductive Effects’
Pertinent'information was not found in the available literature.
E. Chronic¢ Toxicity
Dinitrobenzene is. the most potent methemoglobin-forming agent of
the nitroaromatics. Poisoning symptoms in humans may be potentiated by

exposure to sunlight or ingestion of alcohol (U.S. EPA. 1976).
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V. AQUATIC TOXICITY
A. Acute Toxicity
McKee and wolf (1963) have presented a brief synopsis of the
toxic effects of dinitrobenzenes %o acuatic life. & study by L2Clerc (1940)
reported 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/l in hard water. Meinck et al. (1956) reported lethal
concentration of.2,000 pg/l for unspecified dinitrobenzenmes Tor an unspeci-
fied fish species. .
B.  Chronic Toxicity
Pertinent gata could not pe found in the available literaturs
regarcing aguatic toxicity.

C. Plant Effects

L e | -~ -~ Iy os 2N e L - ~1 e il PN RN ~ ~ mem ] A
mowarld 8v al. L7735 I2RCIT Cnal Tine algae Chlgrelis sp. Gisglaysc
inhibites ghotcsynthsiic szchtivity ooon 2xgosurs to m-dinitrobenzera 2t =2
=4
_—t e L L 1~ (%3
Concentriaelion G Lo ",

VI. EXISTING GUIBEZLINZS
The 8-hour time-weighted-average (TWA) occupational exoosurs limit for

dinitrobenzenes is 0.15 opm (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 documants.
Because of the limitations of such sources, this short profile
may not reflect all available inZformation including all the
adverse health and environmental  imgacts presented by the
subject chemica This document has undergone scrutiny to

al,
ensure its tecnnical accuracy,
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4 ,6-DINITRO-O-CRESOL
SUMMARY
There is no available evidence to indicate that 4,6-
4dinitro—orth6—cresol (DNOC) is carcinogenic.

This ccmpound has produced scme DMA damage in Profeus
mirabilis but failed to show mutagenic effects in the ames
assay or in E. coli. Available information doés not
indicate that DNOC produces teratogenic or adverse
- reproductive effects.

Human exposure incidents have shown that DNOC produces

an increase in cataract formation,
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4,6-DINITRO~-O~CRESOL

I. INTRODUCTION

This profile is based on the Ambient Water Quality Cri-
teria Document for Nitrcphencls (U.S. EPA, 1979a).

Dinitrocrescls are compounds closely related to the di-
nitropheﬁols; they bear an additional 2-position methyl
group. The'physical éroperties of 4,6-dinitro-ortho-cresol
(DNOC, M.W. 198.13) include a melting point of 385.8°C and a
soiubility of 100 mg/l in water at 20°C (U.S. EPA, 1979a).

Dinitroc-ortho-cresol is used primarily as a blossom

thinning agent on fruit trees and as a fungicide, insecticide

(a1}

and miticide on the frulit trees during the dormant season.

There is no record of current domestic manufacture of TNCC

IT. EXDPOSURE
The lack of monitoring data makes it difficult to assess

exposure from water, inhalation, and foods. DINOC has been
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EPA, 1979a).

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

The U.S. EPA (1979a) has estimated a weighted average
bloconcentration factor for DNOC to be 7.5 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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IIT. PHARMACOKINETICS
A. Absorption
DNOC is readily absorbed through the skin, the res-
piratory tract, and the gastrointestinal tract (NIOSH,
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 rthe nitrophenols, both conijugation of the compound

and reduction of the nitro groups to amino groups occurs.
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toxificzticn mechanism

doses oif CNOC are administered {(U.5. EFPA, 197%a). The
metabeclism cf DNOC is very slow in man as compared to that
observed in. animal studies (Xing and Harvey, 1953).

D. Excretion
Darker and

The exnperiments o

[
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g
0
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~
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0
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251) in
several animal species indicates that DNOC is rapidly ex-
creted following injection; however, Harvey, et al. (1951)
vhave shown slow excretion of INOC in volunteers given the
compound orally. As in metabolism, there is a substantial
difference in excretibn 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 mirabills.

Testing of this compound in the Ames Salmonella system
(Anderson, et al., 1972) or in E. coli (Nagy, et al., 1975)
failed to show any mutagenic effects.
C. Tarztogenicity and Other Reproductive Effects
Pertinent data could pot ke lcoccated in the
available literature regarding teratogenicity and other

uctive effect

Q.
(7]

zepro

(W]

. Chronic Toxicity
suman use of DNOC as a disting aid has produced

poisoning cases at accepted ;Hé?gpéfic dose levels, as well
as some cases of cataract develcpment resulting. from
overdoses (MIOSH, 1978).

z. Other Relevant Information

DNOC 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.
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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 for DNOC has
been established at 12.8 ug/l Sy the U.S. EZPA (i197%a)}. This
draft criterion has not gone through the process of public
reviews; therefqre, there is a possibility that the criterion
may be changed.

B. Aquatic

Criteria for the protection of freshwater and

mariné aguatic organisms were not drafted due to lack of

tox icclogical evidence (4.5, EPA, 19792).
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VI. EXISTING GUIDELIMES AND STANDARDS
A. An eight—houf TLY exposure limit of 0.2 mg/m3 has
been recommended for DNOC bv the ACGIH (1971).

A preliminary draft water criterion for DNOC has
oeen established at 12.3 wg/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 te changed.

B. Aquatic

Criteria for the protection of freshwater and

marine aquétic organisms were not drafted due to lack of

tox icological =svidence (U.S. EPA, 1979a).
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DISCLAIMER

This report represents a survey of the potential health
and environmental hazards from exposure to the subject chemi-
cal. The infcormaticn contained in the report is drawn chiefly
from secondarv sources and avallable reiference documents.
Because of the limitations of such sources, this short profile
may not retflect all available information including all the
adverse health and environmental impacts presented by the
subject chemicail.- This Jdccument has undergene =scrutiny to
ensure 1its technical accuracy.
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2,4-DINITROPHENOL

summary

There " is no evidence to indicate thatv2,4-dinitrophendl pos-
sesses carcinogenic activity.

Genetic toxicity testing has shown positive effects in mouse
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-dinitropnenol. Studies in mammals

(1}
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rn

=d to show that the compound produced any tarztcecenic efifzct

At the levels of'compound used in these mammalian studies, embryo-=

t0oXic affects were obserwved,

n

et
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man: \
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se of Z,4-dinitrophenol

fu

s 2 dieting 21id has produced

s, functicnal heart damage,

(T
-

some casas of agranulocytosis, neuri
-and caczract development.

For aquatic organisms Lqu values ranged from 520 ug/l. for
. - i

[ )

the bluegill to 16,700 Fg/l £zcr the fathead minnow.
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2,4-DINITROPHENOL

I. INTRODUCTION

This profile is 2ased on the Ambient Water Quality Criteria
Document for Nitrophenols (U.S. EPA, 197%a).

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

The dinitrophenols are used as  chemical intermediates for

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

preservatives, and explosivas {(U.35. Z2a, 197%a). The 1563 pro-
duction of 2,4-dinitroohenol was 4.3 x 102 tons/yr. (U.S. EPA}
te79a).

Fer additienal inférmaticon r2garding the nitrochenols as

a class, the reader is referred to the Hazard Profile on Nitro-

4
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-The lack of monitoring data £cor the nitrophsnols makes it

difficultc tOo assess exposure L[rom water, 1innaliation, a&and roocds.
Nitroohenols have peen: detected in effluents from chemical plants
(U.S. ERPA, 1979a). Dermal absorption of the dinitrophenols has
been reported (U.S. EPA, 197%a).

Exposure to nitrophenols appears to be primarily through
cccupaticonal contact (chemical plants, pesticide application).
Contaminated water may contribute to isolated poisoning inciéents.
The U.S. EPA (1979a) has. estimated the weighted average biocon-

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

X 963



portions of fish and shellfish consumed by Americans. This esti-
mate was based on the octanol/water pattition coefficients of
2,4=dinitrophenol.
III. PHARMOCOKINETICS
a. Apsorption
The dinitrqphenols are readily absorbed following oral,
inhalation, or dermal administration (U.S. EPA, 1979%a).
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.  Hetabolism

-Metabolism of the nitrophenols occurs through conjugaf

)

=icon and reduction of nikro- s ko aminc-

~
-

o]
19

rouss, &0 SXlgatlion o

fu

I
M -

{
o]

dinhvdric-nitrochenols (U.3. EPA, 1979a;.

D.

&S]

xcretion
Experiments with several animal species indicate that

arinary clearance of dinitrophenols is rapid (Harveyv, 1939).

" 7I. EFFECTS
a, Carcinogenicity
2,4-Dinitrophencl has. been found not to promote skin

tumor formation in mice following DMBA initiation (Bautwell and
Bosch, 1959).
B. Mutagenicity
Testing of 2,4-dinitrophenol has indicated mutagenic

»

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

unscheduled DNA synthesis (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 devalopment-
al abnormalities in the chick embryo (Bowman, 1967; Mivatmoto, et
al. 1975). No teratogenic effects were seen following intragastric
administration tb 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 offsprin (Wulff, et al., 1925); simi-

s

arly, intraperitoneal -administration of the compound 0O mice
induceé embryotoxicity (Gibson, 1973). The influence of this

s o .
susec 20 Thsse 2

()

Zscts.
E. Chronic Toxicity
Jsa2 of 2,4-dinitrophenol as 2 human dieting aid hras gro-
duced some cases cf agranulocytosis, neuritis, functicnal heart
damage, 2and a large . number of -patients suffering from cataracts
(dorner, 13z2).
F. Other Relevant Information
2,4-Dinitrophenol is a classical uncoupler of oxidative
phospnorylation, an effect which accounts £for its high acute
toxicity in‘mammals.
A synergistic action in producing - teratodenic effects
in the develoving chick embryo nas been reported with a combina-

zion of 2,4-dinitropnenol and insulin (Landauer and Clark, 1964).

-4
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V. - AQUATIC TOXICITY
A. Acute

The bluegill (Lepomis macrochirus) was the most sensi-

tive 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 mcre resistant in flow through tests, with

an LC50 of 16,720 pg/l (Phipps, et al. manuscript). The fresh-

water cladoceran (Daphnia magna) displayed a range of observed

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

values for the marine sheepshead minnow (Cyprinodon  variegatus)

are LC 0 values rcranging from 5,300 to 29,400 ng/1 (Resenthal

3

anad Stelzer, 1970). The marine mysid sarimp (Mysidcpsis bpaniaj

had an LC50 of 4,850 ug/1l (U.S. EPA, 1978). 2
B. Chronic Toxicity
- Pertinent . data . could not e locatsd. in the =zvzilzble

ZTffective concentraticns for £fresnwater plants ranged

£rom 1,472 png/l for duckweed (Lemna minor) to 50,000 ag/l for

tha alga  {(Chlorella govrenocidcsa) (U.S. EPA, 197%a). The marine

alga (Skeletonema costatum) was more resistant with a reported

96-hour ECSO value based on cell numbers of 98,700 ng/1l.
D. Residues
Based on the octancl/water partiticon ccefficient, a bio-
concentration factor of 8.1 has Deen estimated for 2,4-dinitro-

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

£
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v. EXISTING GUIDELINES AND STANDARDS
Neither the human health nor aquatic criteria derived by U.S.

EPA (1979a) which are summarized below have undergone the process of

public raview; therefore, there is a possibility that thess gritsr-
ia will be changed.
A. Human
The draft water criterion for dinitrophenols, based

on data describing adverse effects, has been estimated Dby the
U.S. EPA (1979a) as 68.6 pg/l.
B. Aquatic

N
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For protect

(8]

shwatsr aguatic lifs, draft cri-

terion is 79 pg/l as a 24-hour average concentration not to exceed

180 ug/1. The marine critericn has been prcposed as 37 ug/i
as a 24-nour average .not to exceed 34 ug/l at any time {(U.S.
ZPA, 1979%a;.

-To protect saltwater life, the dratt cricerion is 27
Hg/1l as a 24~hour average not to exceed 84 ng/l at any time (U.S.

ZPA, 13%79a).
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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 repvort is drawn chiefly
from secondary sources and available reference documents,
Because o0f the limitations of such sources, this shert profile
may not reflect all available information includiag all the
adverse health and environmental impacts presented by the
subject chemical, This document has undergone scrutinv to
ensure its technical accuracy.
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DINITRCTOLUENE
SUMMARY

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

Acute studies in freshwater £ish and invertebrates

wn

uggest that Z,3-¢initrotoluene is much more toxic than
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DINITROTOLUENE

I. INTRODUCTICN

This profile is based on the Ambient Water Quality
Criteria Document for Dinitrotoluene (U.S._EPA, 1879).

There are six isomers of dinitrotoluene (CH3C653 (JOZ)Z;
molecular weight 182.14), with the 2,4-isomer being the
most important commercially. 2,4—binitrotoluene has a melt-
ing point of 71°C, a boiling point of 300°C with decomposi-
tion, and a solubility in water of 270 mg/1l at 22%. 1t
is readily soluble in ether, ethanol, and carbon disulfide

{U.3. EPA, 1979). 2,6-Dinitrotoluene has a melting noint

(%)

o _’ox" 3 i 1nnla i~ 257 ~A7 1 SrAaciotEiAn i 7873 =
OL d0~C anpd is soluple in 2iconol. Preduction in 1873 was

3 & - £ Y o} ~
273 % 1C~ tons per year for the 2,4- and 2,6- isomers com-
O N fTT Iy TATAN
s T VW el e Ll eSS ) e
Dinitrozcluene 1z an iagradiant oI axglosivzs fcr ccmmer-

~ial AmA el T mawer 11ma B P T T e S e U e -
L R T - ] - Dy B - e T Y AP a At T ddilw L al’T

- = - - - - 7 3 - =
sure of smokeless powder, an intermediate in fnhe manufacture

colymers, and a raw macerial for cthe manufacture of dyesturfis.
Dinitrotolusnes are reslatively stable 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,

1279).

By
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B. Food

Acccrding 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 weignted
average bioconcentration factor for 2,4-dinitrotoluene to
be 5.5 for the edible port;oné of fish and shellfish consumed
by Americans. This estimate i1s based c¢cn the cctanol/water
partition coefficient.

C. ’Inhalation

éxposure‘to dinitrotoluene by inhalation is most

likely to occur occupationally (g.s. EPA, 1979) .~ [Gowever,

pertinent data could not be lccatad in the available litera-

T2z o°n atmespheric concsnitraticns of dinitzciclisns and,
thus, peossibls nhuman exposure cannco e 2stimzzzd
IITI. DHARMACOYXINITICS 4

A

A. iosorption
T4 v
. L4 N | B .
The absorption of C-labeled isomers .. dinitrotol-

gene after oral administracion to rats was essentially com-
plete within 24 hours, with 60 to 20 percsent 2f the dose
being absorbed. The 2,4- and 3,4-isomers were absorbed

t0. a greater extent - than the 3,5- .and 2,5- isomers, wnich
in turn were absorbed to a greater extent than the 2,3-

and 2,6—iéomers (Hodgson, et al. 1977). 2,4-Dinitrotoluene
is known to be absorbed through the respiratory tract and

skin (U.S.. EPA, 1979).
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B. Distribution
Tissue/plasma ratios of radicactivity after adminis-

tration of l4C-labeled dinitrotoluene to rats indicated
retenticn of l4: DNT in boitn the liver and kidneys but not
in other tissues (Hodgson, et al., 1977). A similar experi-
ment with tritium-labeled 2,4-dinitrotoluene -(°H-2,4-DNT)
in the rat showed relatively high amounts of radicactivity
remaining in adipose tissue, skin, and liver seven davs

after administration (Mori, et al., 1977).

C. "Metabolism.

N

No studizs charactsriziang the metabolism of dinitro-

)
'

toluene in mammals are availlable. However, on the basis

-~

of a ccmparison of the metabolism of 2,4-dinitrotolusne

and 2,4,6-trinitrotoluene in microoiei svstems, ancd the

Q.

LR . - 3 A =~ - < i - ; — e 3= -
ism o 2,2,6-trinitrotolusne in mammalz, the
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U.S. ZPA (1979) speculated tnhat the metatolites of Z,4~-di-

'—J
()J

nitrotoluene in mammals wou ne either %“cxic and/cr car-

cinogenic,

D. Excretion
14

'
B S

In studies involving oral administration of Cc-

dinitrotoluene or 3H—2,4-dinitrotoluene to rats (Hodagson,

et al., 1977; Mori, et al., 1977), elimination of radiocactiv-
ity occurred mainly in urine and feces. No'radioactivity

was recovered in the =2¢pired air. Abour 46:percent of the

administered dose in the latter study was excreted in the

feces and urine during the seven days following administraticn.

4
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IV. EFFECTS
A.. Carcinogenicity
2,4-Dinitrotoluene fed to rats and mice for two

years produced dose-related increases in £ibremas cof 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 bioassay of rats and micé fed 2,4-

dinitrotoluene for two years, the findings in rats included

th
D]

;i i F3 i - - AR ETh! H == 3
a gignificant incrz=2ase ot J27acoTesiu.lar caroincmas ana

neoplastic nodulas  in the livers_of females, a significant

increase of mammary gland tumors in females, and a2 suspicious

liCrzase SL hepatocellular carcinomas OL tine iiver in maies.
ftale mice na2d a2 nhighly significant incra2ase L ({Ll4nR&Y ZUmOCELS
TLee, 2% al., 1573].

3. Hlutagenicity

(39

.3=-Dinitrotoluene was mutagenic in the &ominant

lethal .assay and ' in Salmonella typhimurium strain TA1535

{Hodgson, et al. 1976). <Cultures of lymphocytses and kidney
cells derived from rats fed 2,4-dinitrotoluene héd signifi-
cant increases in the frequency of chromatid gaps but not
in translocations 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 study (Simmon, et al., 1877), and,
for oroducts 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. 1877; Proctor and Hughes, 1978; Kovalenko,
1973).  ’) -
- E. Other Relevant Information
Animals were more resistant to the toxic effects
of 2,4-dinitrotoluene administered in the diet when given
diets high in fat o;mgrotein (Clayton and Baumann, 1944,

. L3
1948; shils and Goldwater, 1953) or protein (Shils and Gold-

s

water, 1953). 3

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-
g:otbluene 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).
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V. AQUATIC TOXICITY
A. Acute Toxicity
Static assays with the freshwater bluegill (Lepomis

~macrochirus) produced a 96-hour LC50 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-hour 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 demonstfated
in 48-hour static assays with the freshwater cladoceran,

Daphnia magna, with LCqq values of 660 pg/l(U.S. EPA, 1978).

and 35,000 pg/1 (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 LCgq value of 2,280 pug/l
was reported (U.S. EPA, 1978). For -marine invertebrates

a 96-hour. static LC50 value of 590-Pg/l was obtained for

' the mysid shrimp (Mysidopsis bahia) with 2,3-dinitrotoluene.

B. Chronic Toxicity

The 'sole chronic study examining the effects of

2,3~dinitrotoluene in an'embryo—larval assay.on the fathead
- minnow produced a .chronic valué.of 116 pg/1 based: on reduced
survival of these stages. No marine.chronic data were pre-
sented (U.S. EPA, 1979). ' ‘

cC. Plant Effects

Concentrations of 2,3-dinitrotoluene that caused

30 percent adverse effects in cell numbers or chlorophyll

y
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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. ECg, values were 370 or 400 ug/1,
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
Neithe? the human health nor aquatic criteria derived
by U.S. EPA (1979), which are summarized below, have gone
through the process of public review; therefore, there is
a possibility that these criteria may be changed.
A. Human
Based on the induction of fibroadenomas of the
:‘mamma:y gland in female rats (Lee, et al., 1978), and using
the "one-hit" 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) o 10’ 10°° 1072

7.4 ng/1  74:0 mg/l 740 ng/l1

-

2 iiters of drinking water and
‘consumption of 18.7 grams fish
and shellfish. '

Consumption of fish and shell- .156 Pg/l 1.56 pg/l 15.6 pg/1
fish only. .
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The American Conference of Governmental Industrial
Hygienists (1978) recommends a TLV-time weighted average
for 2,4~dinitrotoluene of l.S mg/m3 with a short term expo-
sure limit of S mg/m3. -

B. Aguatic

A criterion to protect freshwater life has been
drafted as 620 pg/l for a 24-hour average not to eiceed
1,400 Pg/l for 2.4-dinitrotoluene and 12 pg/l not to exceed
27 pg/l for 2,3-dinitrotoluene. For marine environments
é 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 t-e limitations of such sources, this short profile
may not ref.. .t 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
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 exposure. to 2,4~dinitrotoluene
indﬁces 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 aquatic vorganisms. Acute LC50 values were reported as 17,000 and

30,000 pg/l. No marine data are availagble.
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2, 4-DINITROTOLUENE

I. INTRODUCfION

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

2,4-Dinitrotoluene (2,4-DNT) has a melting point of 1%, a boiling
point of 300°C 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).

Production in 1975 was 273 x 10°

tons/year for the 2,4- and
2,6-isomers combined (U.S. EPA, 1979a). 2,4—Dinitrotoluehe is an ingredient
in explosives'for commercial and military use, a chemical- stabilizer in the
manufacture of smokeless powder, an intermediate in the manufacture .f jo;f
uene diisocyanatés used ih the production of . urethane polymers, and é ra%
material for the manufacture of dye-stuffs. Dinitrotoluenes are relatively
stable at ambient temperatures (U.S. EPA, 1979a). For additicnal infor-

mation regarding the dinitrotoluenes in general, the reader is refer 'd to

the EPA/ECAQ Hazard Profile on Dinitrotoluenes (U.S. EPA, 1975h).

II. EXPOSURE | o
A. Water
Data on concentration levels of 2,4-DNT in water were not avail-

able. Oinitrotoluene waste products are dumped into surface water or sewage
by industries that manufacture dyes, isocyanates, polyurethanes and muni-
“tions (U.S. EPA, 1979a).
B. Food

According to the U.S. EPA (1979a), the likelihood of 2,4—diqitro-

toluene existing in food is minimal since it is not used as a pesticide or

herbicide.
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The U.S. EPA (1979a) has estimated the weighted average biocon-
centration factor for 2,4-dinitrotcluene 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, 1979a). However, pertinent data could not be
located in the available literéture on atmospheric concentrations of dini-
trotoluene; thus, possible human exposure cannot be estimated. |
III. PHARMACOKINETICS

A. Absﬁrption' A

The absorption aof l[‘t:-l,:-lbe.Led isomers of dinitrotoluene after
oral administration to rats was. essentially complete within 24 hours, wigh
60 to 90 percent'of the dose being absorbed. The 2,4-and 3,4-isomers were
absorbed to a greater extent than the 3,5- and 2,5-isomers, which in turn
were absorbed to a greater extent than the 2,3- and.2,6-isomers (Hodgson, et
al. 1977). From ‘toxiéity studies, 2,4-Dinitrotoluene is known to be ab-.
sorbed through the respiratory tract and skin (U.S. EPA, 1979a).

8. Distribution

Tissue/plasma . ratios of radioactivity. after . administration bof
l4C-labeled . dinitrotoluene (ONT)  to rats indicated ' retention of 'lac
2,4-DNT. in beoth. liver and. kidneys but not in other tissues (Hodgson, et al.
1977). A similar. experiment -with tritium-labeléd. 2,4-dinitrotoluene
(3Ha2,a-ONT) in the rat showed relatively high amounts of radioactivity
remaining in adipose tissue,'skin, and liver séven days after administration

(Mori, et al. 1977).
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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 metapbolism of 2,4,6-trinitrotoluene in mammals, the U.S. EPA (19793)
speculated that the metabolites of 2,4-dinitrotoluene in mammals would be
either toxic and/or carcinogenic.
D. Excretion
In studies involving oral administration of laC-dJ'.nitmtoluta*ne or
3H-2,4—dinitr0toluene to rats (Hodgson, et al. 1977; Mori, et al, 1977),
elimination of radiocactivity 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 durihg
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 reponse 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 1livers of females, a sig-
nificant increase of mammary gland tumors in f{emales, and a suspicigus in-
crease of hepatocellular carcinomas of the liver in males. Mice had a

highly significant increase of kidney tumors in males (Lee, et al. 1978).
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B. Mutagenicity
2,4-0initrotoluene was mutagenic in the dominant lethal assay and

in Salmonella tvphimurium strain TA 1535 (Hodgson, et al. 1976).. Cultures

of lymphocytes and kidney cells derived from rats fed 2,4-dinitrotoluene had
significant increases in the frequency of chromatid gaps but not in trans-
locations of chromatid breaks .(Hodgson, et al. 1976).
The mutagenic effects of products from-czonation or chlorination of
- 2,4~dinitrotoluene and other -dinitrotoluenes were negative in one study
(Simmon, et al. 1977) and, of products f{rom ozonation alone, were ambiguous
in another study (Cotruvo, et al. 1977).
C. Teratogenicity and Other Reproductive Effects
Pertinent data could not be lgcated in the available literature.
D. Chronic Toxicity -
Chronic exposure . to 2,4-dinitrotoluene may produce liver damage,
jaundice, methemoglobinemiaﬁﬂand reversible anemia with reticulocytosis in
‘humans and animals (Linch, 1974; Key, et al. 1977; Proctor and Hughes, 1978;
A’Koyalenko,.l973).
"~ 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, 1548; Shils and Goldwater, 1953) or protein (Shils and
‘_Goldwater; 1953). ‘
Alcohol 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, anemia with reliculocytasis, gliosis, and demyeli-
nation in the brain, and atrophy with aspermatogenesis of the testes (Ellis
et al., 1976).

V. AQUATIC TOXICITY
A. Acute Toxicity
The only toxicity data available for the effects of 2,4-dinitro-
toluene ih aquatic animals are from a single freshwater fish and inverte-

brate species (U.S. Ammy, 1976). A 96-hour static LC5O 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, Daphnia magna, was reported as

35,000 pg/l. -
8. Chronic Toxicity and Plant Effects

Pertinent data could not be located in the available literature.
C. Residues

A bioconcentration factorvof 19 was abtained for 2,4-dinitrotoluene.
) VI, EXISTING GUIDELINES AND STANDARDS

Neither the human health nor aquatic criteria derived by U.S. EPA
(1979a), which are summarized below, have gone through the process of public
review; therefore, there is a possibility that these criteria 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 Z,A-dinitrotoluene{in ambient water which

will result in specified risk levels of human cancer:
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Exposure Assumptions " Risk Levels and Corresponding Criteria

(per day)
9 1077 106 10-5
Consumption of 2 liters of drink- 7.4 ng/1 74.0 ng/l 740 ng/1
ing water and 18.7 grams fish and
shellfish.
Consumption of fish and shellfish .156 pg/1l  1.56 pg/1 15.6 g/l

only.

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 exposure limit of 5 mg/ms.
. B. Aguatic
A criterion has been drafted for protecting frestwater life from
the toxic effects of 2,4-dinitrotoluene. A 24-hour avefage conceﬁtration'af

620 pg/l, not to exceed 1,400 ug/l, has been proposed. Data are insuffi-

- cient for drafting a marime criterion.
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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. o
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2,6-Dinitrotoluene

SUMMARY

2,6-Dinitrotoluene is known to cause methemoglobinemia in
cats, dogs, rats, and mice. When administered 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, 1979Db) §nd a U.S. EPA
report entitled "Investigation of Selected Potential Environ-
mental Contaminants: Nitroaromatics" (1976).

2,6-Dinitrotoluene (2,6-DNT; C7H6N2Q4; 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 pcunds 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 commercial 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-reacﬁ photochemically. Decomposition of 65% of the
‘'TNT had occurred when the decomposition. products were examined.

2,6-Dinitrotoluene would be expected to biodegrade to a

:limited extent. The nitro groups retard biodegradation and
studies with soil microfldra have shown that mono- and di-

- substituted hitrobenzenes persist for more than 64 days
(Alexander and Lustigmann, 1966). McCormick et al. (1976) and
Bringmann and Kuehn (1971) reported microbial degradation of
2,6-DNT by anaerobic and aerobic bacteria;'respectivelym
:/ 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

z
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B. Bioconcentration

In general nitroaromatié compounds do not have high biocon-
centration potential based on calculations using their octanol-
water partition cocefficients. They are not expected to
biomagnify based on their water solubility (U.S. EPA, 1976).

cC. Envifonmental Occurrence

2,6-Dinitrotoluene has been identified in tap water in the
United States (Kopfler and Melton, 1975). 1Its 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).

III. PHARMACOKINETICS

2,6-Dinitrotoluene can enter the body through inhalation of
vapors or dust particles, ingestion of contaminated food, and
absorption through the skiﬂ (EPA, 1979b). Hodgson et al. (1977)
traced the pathway of 14¢c 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 found in the expired
air indicating that the aromatic ring was not broken down thfough

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 carcinogenicity 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 TA1537, TAl538, TA98, and TAl0O, but not
-TA1535. 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;.fats; and mice for about 13
weeks. The primary effects were on red blood cells, the nervous
system, and the testes. Both dogs and rats had decreased mu'scu-
lar coordination primarily in the hind legs, rigidity in exten-

sion of the hind legs, decreased appetite, and weight loss. The

A
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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 alsc found in caﬁé édminis-
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
mixﬁure 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/m> (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-0CTYL PHTHALATE

Summary

Di-n-octyl phthalate has produced teratogenic effects following
i.p. injection of pregnént rats. This same study has also indicated
some increased resorptions and fetal toxicity.

Evidence is not available indicating mutagenic or carcinogenic
effects of di-n-octyl phthalate. .

Data pertaining to the aquatic toxicity of di-n-octyl phthalate

is not availablet

}
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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. EP4, 1979a).

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 220°C 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 sambles; 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 to the monocester form (Engelhardt, et al. 1975). For
additional information regarding the phthalate.esters in general, the

reader is referred to the EPA/ECAO Hazard Profile on Phthalate Esters

"(U.S. EPA 1979b).

II. EXPOSURE

Phthalate esters appear in all areas of the environment. Environmental
release of phthalates may.occur through leaching of the compound from
plastics, volatilization from plastics, or the -incineration of plastic
items. Sources of human exposure. to phthalates include contaminated
foods and fish, dermal application, and parenteral administration by
use of plastic blood bags, tubings, and infusion devices (mainly DEHP
release). Relevant factdrs in the migration 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, 1979a).
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Monitoriﬁg-studies have indicated that most water phthalate concentrations
are in the ppm range, or 1=2 pg/liteb (U.S. EPA, 1979a). Industrial
air monitoring studies have measured air levels of phthalates from 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.
ITII. PHARMACOKINETICS
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.Sf EPA, 1979Db).

IV.  EFFECTS

A. Carcinogenicity -
Pertinent data could not be located in the available literature. @
B. - Mutagenicity

Pertinent data could not be located in the available literature.

C. ‘Teratogenicity
Administration of DOP to pregnant rats by i.p. i;jectiqn has
been reported to produce some teratogenic effects, although less so
than several other phthalates tested (Singh, et al. 1972).
D. Othgr Reproductive Effects
An increased incidence of resorption and fetal toxicity was
produced following i.p. injection of preghant rats with DOP_(Singh; et
al. 1972).
E. Chronic Toxicity

*

Pertinent 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.
vVI. 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.
Recommeaded water quality eriterion level for protection
of human health is not available for DOP.
B. Aquatic
- Pertinent data is not available pertaining to the aquatic
"toxicity of di-n-octyl phthalate; therefore, no criterion could be

.drafted.

,//09,



DI-N-OCTYL PHTHALATE

. REFERENCES

Engelhardt, G., et al. 1975. The microbial metabolism of di-n-butyl phtha-
late and related dialkyl phthalates. Bull. Environ. Contam. Toxicol.
13: 342.

Milkov, L.E., et al. 1973. Health status of workers exposed to phthalate
plasticizers in the manufacture of artificial leather and films based on PVC
resins. - Environ. Health Perspect. (Jan.): 17S.

Singh, A.R., et al. 1972. Teratogenicity of phthalate esters "in rats.
Jour. Pharm. Sci. 61: 51. ‘ ‘

U.S. EPA. 1979a. Phthalate Esters: Ambient Water Quality Criteria. (Draft)

U.S. EPA. 1979%. Environmental Criteria and Assessment Offlce. Phthalate
Esters: Hazard Profile. (Draft) :

/110 -



No. 96

1,2~-Diphenylhydrazine

Health and Envirommental Effects

U.S. ENVIRONMENTAL PROTECTION AGBNéY
- WASHINGTON, D.C., 20460

APRIL 30, 1980

-]111-



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
1,2-diphenylhydrazine and has found sufficient evidence to

indicate that this compound is carcinogenic.
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1,2-DIPHENYLHYDRAZINE
Summary

The adverse effects of exposure to 1,2-diphenylhydrazine in-
clude damage to both the kidney and liver. Acute LD50 values have
ranged from 300 to 960 mg/kg in experimentally dosed rats. No data
concefning the absorption, distribution, or excretion of the 1,2-
diphenylhydrazine have been generated. Benzidine has been identi-
fied as a metabolite in urine of rats exposed to the chemical.
Diphenylhydrazine is carcinogenic in both sexes of rats and in fe-
male mice. '

The only aquatic toxicity data for diphenylhydrazine are for

freshwater organisms. Acute toxicity levels of 270 and 4,100 pg/x

were reported for bluegill and Daphnia magna; respectively, and a

single chronic value of 251 pg/l was reported for Daphnia magna.
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1,2-DIPHENYLHYDRAZINE
I. INTRODUCTION

Tﬁis profile is based primarily on the Ambient Water Quality
Criteria Document f£or 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 1is 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 in dyes,
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 . in several synthetic processes as an intermediate and a
contaminant, but there is no way of estimating these substantial
gquantities:

II. EXPOSURE
A, Water
The highest reported concentration of 1,2-diphenylhydra-
zine in drinking water is one Pg/l (U.Ss. EPA, 1975).
B.  ~ Food
The U.S. EPA (1879)  has estimated the- weighted average
-bioconcentration factor for diphenylhydrazine to be 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. Inhalation _
Pertinent data could not be located in the available
literature.
III. PHARMACOKRINETICS
Pertinent information could not be located in the available
literature regarding absorption, distribution and excretion.
A.  Metabolism
Various metabolites, including the known carcinogen ben-
zidine, have been identified in the urine of rats. 1,2-Diphenylhy-
drazine was administered orally (200,400 mg/kg), intraperitoneally
(200 mg/kg),-intratracheally'(5,10 mg/kg) and intravenocusly (4,8
mg/kg). The metabolites detected were not dependent upon the base
or route of administration (Williams, 1959). :
IV. EFFECTS
A. Carcinogenicity
Diphenylhydrazine has  been identified as producing
significant increases in hepatoéeliular carcinoma at 5 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 pg/kg/day; neoplastic ﬂliver
nodules in female rates at 7.5 pg/kg/day; and hepatocellular
carcinomas in femalenmice~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-
téneal dose of 100 mg/kg had an inhibitory effect on the incofbora-
-tion of (3H)—thymidine into testicular DNA of experimental mice
(Sieler, 1977).
z

-))/é-



cC. Teratogenicity
Pertinent information could not be located in the avail-
able literature.
D. Toxicity
One study reported an LDSO of 959 mg/kg for male rats ad-
ministered DPH as a five percent solution. In the Registry of
Toxic Effects of Chemical Substances, the oral LD50 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 injéction of
8400 mg/kg DPH. Liver and kidney ?amage have been implicated in
the adverse effects of diphenylhydrazine chronically administereé
to rats. No experimental .or epidemiological studies have been con-
ducted on the effects of diphenylhydrazine in humans.
V.  AQUATIC TOXICITY
A. Acute
Ninety-six-hour LC50 values for  freshwater organisms

have been reported as 270 pug/l1 for the bluegill, Lepomis macro-

chirus, and the 48-hour LCSO for the cladoceran, Daphnia magna,

is 4,100 pg/1 (U.S. EPA, 1978). No toxicity data for marine
.animals could be located in the available literature.
B. Chronic

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.

e
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c. Plants
Pertinent data could not be 1located in the available
literature.
D. Residues
Based on the octanol/water partition coefficient of 870
for 1,2-diphenylhydrazine, a bioconcentration factor of 100 has
been estimated for aquatic organisms with a lipid content of 8 per-
cent.
V1. 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 human

health are as follows:

Exposure Assumptions Risk Levels and Corresponding Criteria
o 107’ 107° 1073
2 liters of drinking water O 4 . ng/l1 40 ng/l1 400 ng/1l

and consumption of 18.7
grams fish and shellfish (2)

Consumption of fish and =~ O .019 pg/1 ~0719 pg 1.9 ng/1.
shellfish only. .
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B. Aguatic
Criterion to protect freshwater aquatic life from toxic
effects of diphenylhydrazine have been drafted as a 2Z4-hour aver-
age concentration of 17 Fg/l and not to exceed 38 ug/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.
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Disclaimer Notice

Mention of trade names or commercial products does not constitute
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DISULFOTCN

Summacy

Disulfoton is a highly toxic organophosphorous insecticide used on many
agricultural crops. The human oral LD - is estimated at 5 mg/kg Oody-
weight. Exposure results in Eentral_ nervous system toxicity. The LD50
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 aguatic toxicity were not located in the available literature.
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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 granules with low conteﬁt 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'Chem§gro Agricultural Division in Kansas City, Mis-
souri - (Stanford Research Institute (SRI), 1977). An estimated 4500 tonnes
were produced in 1974 (SRI, 1977). Disulfoton is made by interaction of
0,0-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. EXéOSURE |

A. Wwater

Disulféton concentrations are highest during the production pro-
cess. Concentrated liquid wastes are barged to sea (150-200 mi; 240-320
km), and sludge wastes are disposed in landfills.

Agricultural application rates normally range from 0.25 to 1.0
lb/acre (0.28-1.1 kg/ha); to a maximum of 5.0 lb/acre (5.5 kg/ha) for some
uées. Target crops include small grains, sorgum, corn, cotton, other field
" -crops; some .vegetable, fruit and nut crops; ornamentals (Fairchild, 1577).
Disulfoton is considered staple in groundwatéf. 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: 0,0-0Diethyl S-(2-(ethylthio)ethyl) phosphorodithioate;
0,0-Diethyl S-(2-(ethylthio)ethyl) dithiophosphate; Thiodemeton;
Frumin; Glebofos; Ethylthiometon B8; VUAgGT 1964; Di-Syston G;
Disipton; ENT-23437; Ethyl thiometon; VUAQT 1-4; Bay 19639; M 74
[pesticide]; Ekatin TD; ‘CAS Reg. No. 298-04-4; M 74 (VAN); Bayer
19639; Di-Syston; Dithiodemeton; Oithiosystox; Solvirex; Frumin
AL; Frumin G ’

Structural Formula: (CoH50)2(P=S)SCHRCHSCoHS
Molecular Weight: 274.4

Description: Colorless o0il; technical product is a dark yellowish o0il;
: readily soluble in most organics

Specific Gravity:and/or Oensity: dio = 1.144

Melting and/or Boiling Points: bp 620C at 0.0l mm Hg

Stability: -Relatively stable to hydrolysis at pH below 8
Overall degradation rate constant (0.02/day)

Solubility (water): 25 ppm at room temp.

sediment . .5
Vapor Pressure: 1.8 x 10-4 mm Hg at 209C

- Bioconcentration Factor (BCF) and/or
Octancl/water partition coefficient (Kgy): - Kgw
BCF

—
o0

Source: Martin and Worthing, 1974; Fairchild, 1977; Windholz, 197s;
U.S. EPA, 1980; Berg, et al. 1977.
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km) in a river enviromment. Decomposition in a lake environment is estimat-
2d to be near 90 percent in one year (U.S. EPA 198GC).
8. Food |

In a study by Van Dyk and Krause (1578), disulfoton was applied as
a granular formulation at 2 g/m length in rows during cabbage planting (5
percent active ingredients, rows one meter apart, plants 0.5 meters apart).
The disulfotqn sulphone concentration reacned a maximum in 18 to 32 dayé and
decreased to between 0.3 and»é.a 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. .

Disulfoton applied 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 during production and application. The U.S. EPA
(1976). listed the frequency of illness, by occupational groups caused Dby
exposure to organophosphorous pesticides. 1In 1157 repo;ted cases, most ill-
nesses occurred among ground applicators (229) and mixer/loaders (142); the
lack of or fefusal to use safety equipment, was a major factor of this'con—
tamination. Other groups affected were gardeners (10i), field workers éx-
posed to pesticide residues (117), nursery and greenhocuse workers (75), soil

fumigators in agriculture (29), equipment cleaners and mechanics (28), trac-
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tor drivers and irrigators (23), workers exposed to pesticide drift (22),
-pilots (crop dusters) (17), and flaggers for aerial application (6). Most
illnesses were a result of carelessness, lack of knowledge of the hazards,
and/or lack of safety equipment. uUnder dry, hot conditions, workers tenced
not to wear protective clothing. Such conditions also tended to increase
pesticide levels ahd dust an the crops.
III. PHARMACOKINETICS

A. Absorption, Distrithién, and Excretion

Pertinent data could not be lotated in the available literature.

B. _ Metabolism | '

- Disulfoton is metabolized in plants to sulfoxide and sulfone and
the corresﬁonding'derivatives of. the phosphorothioate and demeton-S. . This
is ‘also the probable route in animals (Martin and Worthing, 1974; Menzie
1974; Fairchild, 1977).

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 aguatic fauna.
Human oral LD, | is estimated to be 5 mg disulfoton per kilogram body
. 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 Doy concentrations for other species are summarized below (Fair-
child, 1977).
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Species Exposure Route 5250 (mg/kg)

rat oral 3
rat 4 .dermal 6
Arét : intraperitoneal 5.4
rat intravenous 5.5
mouse ‘ oral 5.5

mouse intraperitoneal | 7
bird ) oral 3.2

" Rats survived for- 60 days at Q.5 mg/kg/day (Martin and worthing 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
expasure. Norepinephrine returned to control levels within 5 days (Holt and
Hawkins, 1978). 1In female chicks administered with disulfoton intraperito-
neally (single.dose 8.6. mg/kg), the total lipid content of the 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 af 1 to 1.5 kg/ha very markedly decreased the
populations of soil bacteria (Tiwari, et al. 1977). A
V. AQUATIC TOXICITY

The 96-hour TL = (equivalent to .a 96-hour L(Csg) for fathead

minnows was found to be 2.6 mg/l in hard water and 3.7 mg/l in soft water.

1
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8oth teéts were conducted at 25°C. The corresponding value for bluegills
is estimated to be 0.07 mg/l (McKee and Wolf, 1963).
VI. EXISTING GUIDELINES AND STANDARDS
A.  Human
The occupational threshold limit value for air has been estab-
lished as 100 ug/m3. Established residue tolerance for crops range from
0.3 to 12.0 ppm; 0.75 ppm for most (Fairchild, 1977).

B. Aguatic

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. :
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ENDOSULF AN
Summacry
Endosulfan is an insecticide and is a member of the organcchlorocyclo-
diene insecticides. E&ndosulfan does not appear to be carcinogenic, mutagen-
ic or teratcgenic. In humans, chronic toxic effects have not beenlobserved
when endosulfan has been properly handled occupationally. Chronic  feeding
of endosulfan to rats and mice produced kidney damage, parathyroid hyperpla-
sia, testicular atrophy, hydropic change of the liver, and lowered survival.
.Oral administration of endosulfan to pregnant rats increased fetal mortality
and resofpticns. 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 calcu{ated an ADI of 0.28 mg based on a
NOREL of 0.4 mg/kg for mice in a chronic feeding study. The ADI established‘:
by the Food and Agricultural Organization (1975) and World Health Organiza-
tion is 0.0075 mg/kg. |

Ninety-six hour LC50 values ranged from 0.3 to 11.0 ng/l for five
freshwater fish; from 0.09 to 0.6 pg/l for five saltwater fish in 48- or 96-
hour tests; from 0.04 to 380 ug/l (EC50 and LCSO) for seven saltwéter

" invertebrate species; and from 62 to 166 ug/l for Daphnia -magna (48-hour

LCSO)' In the only chronic aguatic study involving endosulfan, no adverse

effects on - fathead minnows were observed at 0.20 pg/l.



I. INTRODUCTION

Endosul fan (6,7,8,9,10, 10-hexachloro-1,5, 5a, 6,9, 9a-hexahydro-5, 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 odor. Endosulfan is a broad spectrgm insecticide of the group of poly-
cyclic chlorinated hydrocarbons called cyclodiene insecticides. It also has
uses as an acaricite. It has a vapor pressure of 9 x 10"3 mm Hg at 80
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
éndosulfan include Begsit, Chlorithiepin, Cyclodan, Insectophene, Kop-Thic-
dan, Malix, Thifor, Thisnuml, Thioden, and Thiocnex (Berg, 1576).

Technical grade endosulfan has a purity of 95 percent and is composed
of a mixture of two sterecisomers referred to as alphaQendosulfan and beta- t
endosulfan or I- and II. These isomers are present im 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
pé;cent endosulfan ether (U.S. EPA, 1979).

" Production: three millionlpoundsfin 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 éusceptible to oxidation and
the formation of endosulfan sulfate in the presence of growing vegetation
(Cassil and Orumménd, 1965). Endosulfan is readily adéorbed and absorbed by
sediments (U.S. EPA, 1979). It is metabolically converted by microorgan-
isms, plants, and animals to_endosulfan-sulfate, endosulfandicl, endosulfan

ether, endosulfan hydroxyether and endosulfan lactone (Martens, 1976; Chopra
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and Manfouz, 1977; Gorbach, et al. 1968; Miles and Moy, 1979). The end-pro-
duct, endosulfan lactone, dissppears quickly once formed. Accumulation of
endosulfan sulfate may be favored in acidic soils (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 Ontario -
municipal water supplies. fhe maximum concéntration of endosulfan monitored
in municipal water was 0.083 ug/l, which was found in Ontario municipal
water samples but 68 pg/l has been measured in irrigation run-of f (U.S. EPA, .
1979). .Endosulfén contamination of water results from agricultural runoff,
industrial effluents, and spills. One serious accidental industrial dis-
charge in Germany 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-off. water from 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 Cornmeliussen, 1972). The U.S. EPA
(1979) has estimated the weighted average bioconcentration factor for endb-
-sulfan to be 28:forvthe-edible portions of fish. and shellfish consumed by
Americans. This estimate is based on,measuredlsteadyésfate bioconcentration
studies with mussels. The processing of leafy vegetables causes endosulfan

residues to declinme from 11 pg/kg to 6 ugskg (Corneliussen, 1970).
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C. Inhalation
In 1970, air samples from 16 states showed an average level of 13.0
ng/m3 alpha-endosulfan and 0.2 ng/m3 beta-endosulfan. None of the air
samples 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 fo 0.83
mg/kg for 1971-1973 (Domanski, et al. 1973,1974; Dorough and Gibson, 1972).
The extent ta which endosulfan residues in tobacco products contribute to
human “exposure is not known. Spray operators can be exposed up to S0
JMg/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 pg/kg (Keil, 1972).
D. Dermal
' Woife, et al. (1972) estimated. that sprayers applying a Q.08 per-
cent agueous 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 fram the
mammalian gastointestinal tract, whereas endosulfan dissoclved in cottonseed
oil is readiiy though not cdmpletely absorbed (Boyd and Dobos, 1969; Maier-
Bode, 1968). The beta-isomer is more readily absorbed t%an the alphaisomer.
Alcohols, o0ils, and emulsifiers accelerate the absorption of endosulfan by
the skin (Maier-Bode, 1968). Inhalation is not considered to be an impor-
tant route of absorption for endosulfan except in spray cperators (U.S. EPA,
1979).
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8. Distribution
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 gastrointestinal tract (Boyd and Dobos, 1969; Maier-B8ode,
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 mg/kg dose (Khanna, et al. 1979).

l‘ac-enr:losulf”‘an,

In mice, 24 hours after -oral administration of
residues were detected in fat, liver, kidney, brain, and blood (Deema, et
al. 1966).

Data from autopsies of threé suicides show levels of endosulfan in
brain which were 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 endosulfan (Whit-
acre,~l970; 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 (Deema, 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 been detected in liver,
visceral fat and small intestines of mice (Deema, et al. 1966). Other meta-
bolites of endosulfan are endosulfan lactone, endosulfandiol, endosulfan hy-

droxyether, and endosulfan ether (Knowles, 1974; Menzie, 1974).. These meta-

bolites have alsc been found in microorganisms and plants_(U.S. EPA,'1979).
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D. Excretion
The principal route of excretion for endosulfan and endosulfan sul-

fate is in the feces (U.S. EPA, 1979). Other metabclites are also excreted
in the fecés 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 radiolabeled endosulfan after 40 days was the liver.
Major metabolites did not persist  in the fat or in the organs (Gorbach, et
a;. 1968). After a single oral dose, the half-life of radiclabeled endosul-
fan in the feces and urine of sheep was approximately two days (Kloss, et
al. 1966). Following l4 days of dietary ekposure of female rats, the half-
life of endosulfan residues was approximately seven days (Dorough, et al.t
1978). |
IvV. EFFECTS

A. Carcinoggnicity

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-

croscmal activation) (Doraugh, 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 (Gupté,

0. O0Other Reproductive'Effecté
In rats, endosulfan vproduced 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, 1969). Alterations in the gonads of the embryos within sprayed

“hens' eggs. were noted and the progeny of hens and quails, Coturnix Coturnix

japonica, were sterile (U.S. EPA, 1979).
E. Chronic Toxicity -

In the NCI bioassays (Kotin, et al. 1968; Weisberger, et al. 1978):
endosulfan was toxic to the kidneys of rats of both sexes, and to the.kid-
neys of male mice. Other signs of'toxicity were parathyroidvhyperplasia,
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, renal tubular. damage and some
hydropic changes in the liver were induced. |

In humans, there has been an absence of toxic effects with proper
héndling of endosulfan in the occupational setting (Hoechst, 1966).

. F.. Other éelevant Information

The acute toxicity of endosulfan sulfate is about the same és that
of endosulfan. - The LD50 for technical endosulfan in rats is ~ 22 to 46
mg/kg and 6.9 to 7.5 mg/kg in mice (Gupta, 1976). Reagent grade é- aABvB-

. endosulfan are less toxic to rats (76 and 240 mg/kg, respectively; Hoechst,
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1967). The inhalation 4-hour LE:50 values for rats have been reported as
350 and 80 pg/l for males and females, respectively (Ely, ét al. 1567).
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 (Aleksandfowicz, 1979).

- There -appear to be sex dif‘ferer:ces (see previous Chronic Toxicity
section) and species differences in sensitivity to endosulfan. Of the spe-
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 alse 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-
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lings, Cyprinus carpig (Macek, et al. 196%9; Schoettger, 1970; Ludemann and

Neumann, 1960; Pickering and Henderson, 1966). Among freshwater inverte-
brates, Daphnia magna is reported to have 48-hour LCSO values ranging from
62 to 166 ug/l (Macek, et al. 1976; Schoettger, 1970), with three other in-
vertebrates yielding 96-hour LCgy 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 kidney, liver, stomach and intestine of

. Gymonocorymbus ternetzi. The 96-hour LCSO value was 1.6 ug/l (Amminikutty

and Rege, 1977,1978).

af the‘five.saltwater fish species tested, the reported 48- or 96-
hour LCSO valqeé ranged from 0.09 (Schimmel, et al. 1977) to 0.6 pg/l
(Butler, 1963,1964; Korn 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 LCSO values is from
0.04 - (Schimmel, et‘al; 1977) to 380 Mg/l with the most sensitive species be-

ing the pink shrimp (Penaeus duorarum).

8. Chronic Toxi "ty
.‘Macek, et al. (1976) provided the only’aQUatic chronic - study in-

- volving endosulfan. No adverse effects-on fathead minnow, Pimephales prome-

las, parents or offspring were observed at 0.20 ug/l. Gymonocorymbus ter-

netzi chronically exposed to 400 and 530 ng/l for 16 weeks' evinced necrosis
of intestinal mucoéalcells, ruptured hepatic cells and destruction of pan-
creétic 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 vulgaris was inhibited

> 2000 pg/l (Knauf 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 mullet, Mugil ceohalus. When the concen-

trations of endosulfans 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 whethér a steady-state condition was reached. Complete depura-
tion occurred in just two days in an endosulfan-free environment. Residues
. in pond sediments may be as high as 50 pg/kg B-endosulfan and 70 pg/kg of
endosulfan sulfate 280 days after insecticidal endosulfan application (FMC,
1971). i
Dislodgable residues on cotton foliagg in Arizona declinmed to 10

percent and one-third for the low-meiting and high-melting isomers, respec-
tively, 24 hours after application of 1.1 kg/ha endosulfan. However, though
residues had declined to 4 percemt and 1l percent respectively, &4 days after
application endosulfan- sulfate residues on the leaves increased markedly to
0.14 pg/cm? (Estesen, 1579).
VI. EXISTING GUIDELINES AND STANDARDS

Neither the human health nor the aguatic 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. Huhan

The U.S. EPA (1979) has recommended a draft criterion for endosul-

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.
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The American  Conference of Govermmental Industrial Hygienists
(ACGIH, 1977) TLV time weighted average for endosulfan is 0.1 mg/ms. The
tentative value for the TLV short-term 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 pg/kg (FAD, 1975).

8. Agquatie

For endosulfan, the draft criterion to protect freshwater aquatic
life is 0.042 pg/l in a 24-hour average and not to exceed 0.49 ug/l at .any
time. Saltwater criteria cannot be developed because of insufficient data

(U.S. EPA, 1979).
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DISCLAIMER

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

Endrin does not appear to be carcincgenic. Endrin is
teratogenic and embroytoxic in high doses and produces gross
chromosonal abnormalities when administered intratesticu-
larly. Chronic administration of endrin causes damage to the
liver, lung, kidney, and heart of experimental animals. No
information about chronic effects in humans is available.

‘The ADI esﬁablished by the Food and Agricultural Organization
and World Health Organization is 0.002 mg/kg.

Endrin has proven to be extremely toxic to agquatic orga-
nisms.. In general, marine fish are more sensitive to endrin
with an arithﬁetic hean LCgo Value of 0.73 ug/1l, than
freshwater fish with an arithmetic mean LCg, value of
4.42 ug/1. Invertebréte 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 the gréup 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 prbduct containing not less than 95 percent
active ingredient. The solubility of endzin in water at 25°C
is about 200 ug/l (U.S. EPA, 1979). 'Its vapor pressure is 2
x 10~7 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.Ss. 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/l have been correlated with
precipitation and run off following endrin applications (U.S.
EPA, 1978).

| Concentrations of endrin in finished drinking water
have been decreasing. In a study of ten municipal water
treatment plants on the Mississippi or Missouri Rivérs, the.
number of finished water samples containing concentrations of

endrin exceeding 0.1 ug/l decreased from ten percent in 1964-
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1965 to zero in 1966-1967 (Schafer, et al., 1969). The high-~
est concentration of endrin in drinking water in Mew Orleans,
Louisiana measured by the UU.S. EPA in 1974 was 4 ng/l (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 approximate-
ly 0.009 ug/kg body weight in 1965 to 0.0005 ug/kg body
weight in 1970 (Duggan and Lipscomb, 1969; Duggan and Corne-
liussen, 1972).

The U.S. EPA (1979) has estimated the weighted av-
erage bioconcentration factor of endrin at 1,900 for the edi-
ble poctionsjof 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 pg/m3 in
1971 to a maxiﬁum level of 0.5 ug/m3'in 1975 (U.S. EPA,
1979).

Tobacco products are contaminated with endrin cesi-
dues. Average endrin residues for various types of tobacco
products have been reported in the range OEJO.OS ug/a to 0.2
.ug/g9 (Bowery, et al., 1959; Domanski and Guthcie, 1974).

Inhalation exposure of users and manufacturers of
endrin sprays may be around 10 pg/hour (Wolfe, et al. 1967)
but use of dusts can produce levels as high as 0.41 mg/hour

(Wolfe, et al. 1963).

v
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D. Dermal

Dermal exposure_of spray operators can range up to
3 mg/body/hour even for operators wearing standard protective
élothing~(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 through 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 subchtaneous fat or blood, even in persons
living in éreas where endrin is used extehsively (U.S. EPA,
1979). Endrin residﬁes 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. .Céncentrations of endrin in the tissues at
the end of the experiment were as follows: adipose tissue,
0.3 to 0.8 ug/g; heart, péncreas, and muscle, 0.3 ng/l;
liver, kidney and lungs, 0.077 to 0.085 ug/g; 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
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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-ketcendrin (also known as 9-ketoendrin). Hy-
droxyendrins and especially l2-ketoendrin have been reported
to be more acutely toxic to mammals than the parent compound
(Bedford, et al., 1975; Hutson, et al., 1975). The l2-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). Bocdy content of en-
drin declines fairly rapidly after-a single dose or when a
continuous feeding experiment is terminated (érooks, 1969).
In raté, endfin 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 glucuronide: 12-Ketoendrin was observed as a
urinary metabolite in male rats; the major urinary metabolite
in female rats is anti-l2-hydroxyendrin-O-sulfate (Hutson, et
al., 1978).

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 ’
its‘metabolites may persist for longer periods of time (U.S.

EPA, 1979).
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IVv. EFFECTS
A. Carcinogenicity -

In lifetime feeding studies with Osborne-Mendel
rats, endrin was neither tumorigenic nor carcinogeni; (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 study (National
Cancer Institute, 1977), compared with .eight other inconclu-
sive or unsétisfactory studies. |

B. Mutagenicity

Endrin (1 mg/kg) administered intratesticularly
causéa chromosomal aberrations in germinal tissues of rats,
including stickiness, bizarre configurations, and abnormal
disjunction (Dikshith and Datta, 1972, 1973).

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 pregnantAhamsters 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; Cherﬁoff, et al.,
1979). Treatment of pregnant mice with endrin (2-5 mg/kg).
produced open eye and cleft palate in the 6ffspring (Otto-

lenghi, et al., 1974). Single doses which produced terato-
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genic effects in hamsters and mice were one-half the LDgg
in each species (Ottolenghi, et él., 1974).
D. Other Reproductive Effacts

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 érowthmretardation (Ottolenghi, 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 in
" the diet (Morris, 1978, The mice exhibited symptoms of CNS
tox icity including cén;ulsions. 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 1lung; F{;ght enlargment, congestion and mott-
ling of the liver, éné slight enlargement, discoloration or
congestion oﬁ the kiduéés (Deichmann, et al., 1970). After
19 months 6n diets containing 3 mg/kg/day endrin, dogs had’
significantly enlarged kidneys and hearts (Treon, et al.,
1955) .
| Chronic administration of relatively small 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-
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zures recurred under stress conditions months after termina-
tion of endrin administration (Revin, 1968).
F. Other Relevant 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-
drin 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 éarathion gave lower than expected LDgy vValues, sug-
gestive of antagonism. Endrin given in equitox ic doses with
aldrin (a closely related compound) or chlordane gave higher
than expected LDgg values suggestive of synecgism (Kep-
linger and Deichmann, 1967). Humans poisoned acutely exhibit
convulsions, vomiting, abdominal 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 (Bréoks, 1974) .

V. . AQUATIC TOXICITY
Ao Acute

The toxic-effeéts of endrin have been extensively
studied in freshwater fish. LCgqy values for static '
bioassays ranged from 0.046 ug/l for carp fry (ngrinué

;arpio) fry to 140.00 ug/l for adult cacp (Iyatomi, et al.,

7
-//5?_



1958). Excluding the results of age factor differences for
this stecies, adjusted static LCgqg values ranged from

0.27 ug/1l for large mouth bass (Microptecus salmcides)

(Fabacler, 1976) to 8.25 ug/l for the bluegill (Lepomis

macrochirus) (Katz and Chadwick, 1961l). The LC5y 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 wg/l for stoneflies (Pteronarcys californica) to 500.0

ng/1l for the snail, (Physa gyrina) (U.S. EPA, 1979).

For marine fish, LCgy Values ranged from 0.005

ug/1l 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 LCgg9 value of 0.037

1ug/1l, while the blue crab (Callinectes sapidus) was the most:

resistant, with an cho of 25 ug/1l.

B. Chronic

Freshwater fish chronic values of 0.187 ug/1 and

0.257 ug/l were reported for fathead minnows (Pimephales
promelas). (Jarvinen and Tyo, :1978) and  flagfish (Jordanella
floridae) Hermanutz, 1978), respectively, in life cycle
tox icity tests. No freshwater invertebrate species have been
chronically examined. The marine fish, the sheepshead minrrow

(Cyprinodon variegatus) has provided a chronic value of 0.19

ua/l from embryolarval tests (Hansen, et al., 1977). The

5.4
-/15% -



grass shrimp (Palaemonetes pugio) must be exposed to less
than a chronic concentration of 0.038 ug/l for reproductive

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-

laras (Batterton, 1971) to >20,000 ug/l for Scenedesmus quad-

ricauda and Oedoqphium sp. Marine algae appeared more sensi-

tive with effective concentration ranging from 0.2 ug/l for

the algae, Agmenellum guadruplicatum (Batterton, 1978), to

1,000 ug/1 for the algae Dunaliella tertiotecta (U.S. EPA,
1979). |
D. Residues
Bioconcentration factors ranged from 140 to 222 in
four species of freshwate; algaé. Bioconcentration factdrs

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 obtained. Among .

four marine species, bioconcentration factors ranging from:
1,000 to 2,780 were observed for invertebrates and from 1,450
to0 . 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

Both the human health and aquatic criteria derived by

U.S. EPA (1979), which are summarized below, .-have not gone
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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
watér is based on the 1 ug/l1 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 is assumed to come from drink-
ing water and fish products only.

A max imum 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 averagé TLV for endrin of 100
ug/m3 has been established by OSHA (U.S. Code of Federal
Regulations, 1972) and ACGIEH (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, discharge 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 agquatic life is 0.0020 wg/l as a 24 hour average con-

centration not to exceed 0.10 ug/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 ¢ ' )the
adverse health and environmental 1impacts 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-CHLORO-2, 3-EPOXYPROPANE
(Epichlorohydrin)

Summary

The adverse health effects associated with exposure to epichlordhydrin
are extreme irritation to the eyes, skin, and resbiratory tract. Inhalation
of vapor and percutanreous 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 lecerol 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. Cytogenic studies both in vitro and in vivo in humans
and experimental animals have indicated epichlorohydrin to be an active
clastogenic agent. No data on the concentration of epichlorohydrin in drink-
ing water or foods have been reported. Studies on the effects of epichloro—'

hydrin to aquatic organismévcould not be located in the available literature.
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I. INTRODUCTION

This profile is based primarily on a comprehensive review compiled by
Santodonato, et al. (1979). The health hazards of epichlorchydrin have also
been reviewed by the National Institute for Occupational Safety and Health
(NIOSH, 1976) and the Syracuse Research Corporation (SRC, 1979).

~ Epichlorohydrin (CH20CHCH2C1; molecular weight 92.53) is a color-
less liquid at room temperature with a distinctive chloroform-type odor.
The boiling point of epichlorohydrin is 116.a°c, and its vaper pressure is
20 mm Hg at 29°C. These factors contribute to the rapid evaporation of
" the chemical upon release into the enviromment.

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-
lion pounds in 1973 {Qesterhof, 1975), with 160 million pounds used as feed-
'stock,forrthe 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 méjor release of epichlorohydrin 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 1Im). 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 (127,000 pounds) of epichlorohy-
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
‘ Ndmerous envirommental 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 infdrma-
“tion iS'available‘cn ambient epichlorchydrin concentrations. High concen-
trations have been-obSefved.in the immediate vicinity of a factory discharg-
- ing epichlorochydrin into the atmosphere, but these were quickly despersed,
with no detéction'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 percutaaeous absorption (U.S.
EPA, 1979). Blood samples abtained from rats after 6 hours exposure to
(laC)epichlorohydrin at doses of 1l and 100 ppm in air revealed 0.46+0.19

and 27.8+4.7 ug epichlorohydrin per ml of plasma, respectively. The rates
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epichlorohydrin 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
(_lac)-epichlorohydrin has been examined (Weigel, et al. 1978). The chemi-
cal wés rap<idly absorbed with tissue saturation occurring within two hours
in males and four hours in females. The kidrmey and liver accumulated the
greatest amounts of fadioactivity. Major routes af 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 l“(:n2 in expired- air sug-
gests a rapid and extensive metabolism of (lac)-epichlorohydrin in rats.
C. Metabolism
Limited data concerning mammalian metabolism of epichlorohydrin
suggest in vive hydr;olysis of the compound, yielding alpha-chlorchydrin
(Jones, et al. 1969). Upon exposure to radioactively-labeled epichlorchy-
drin a .small percentage of the radiocactivity was expired as intact epi-
chlorohydrin, while a large percentage of the radioactivity was excreted as
14CUZ, indicating a rapid and extensive metabolism of the (lac)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 Ouuren (1977) has suggested a metabolite pathway of epi-
chlorohydrin to' include glycidol, glycidaldehyde and epoxy-propionic acid.
D. Excretion
The percentages of total radioactivity recovered in the urine and

expired air as lZ‘COZ were 46 percent and 33 percent in the 1 ppm group,

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
radicactivity was highest in kidneys and liver.
Iv. EFFECTS
A. Carcinogenicity

"Epichlorochydrin appears to have ldw-éarcinogenic activity following
-dermal application. In two studies, epichlorochydrin applied topically to
shaved backs of rats or mice did not induce any significant occﬁrfence of
skin tumors (Weil, 1964; Van Duuren, et al. 1974). However, subcutaneous
injection of epichlorohydrin 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 squamous cell carcinomas of the
- nasal turbinates have been observed. Such tumors have been reported in
lifetime exposure studies at 30 ppm but not at 10 ppm;(Nelson, 1977, 1978).

Several -recent epidemiological studies have suggested the risk of
cancer as a result of cccupatidnal epichlorohydrin exposure. Both respira-
- tory cancers ‘and leukemia arevin 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 pericd of roughly 15 years before the onset of carcinogenic symptoms. A

- second survey has failed to substantiate these findings (Shellenberger, et
al. 1979). However, this survey used a younger study population with less

»

expasure to epichlorohydrin.
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8. 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. 8oth mice and
rats have displayed dose-dependent increases in abnormal chromosome morpho-
logy at ~ex§osure levels ranging from 1 to 50 mg/kg (Santodenato, et al.
1979).

In humans, the clastogenic properties of epichlorchydrin have been
reported in workers occupationally_exposed to the chemical and in cultured
"normal" lymphocytes exposed to epichlorohydrin (SRC, 1979). - Cytogenmetic
evaiuation of'eXposed workers has shown an increase of somatic cell chromo-
some aberrations-associated with concentrations ranging from 0.5 to 5.0 ppm
(2.0 to 20 mg/m’) (SRC, 1979). Such chromosomal damage appears to be re-
versible once exposure to the chemical ceases.

C. Teratogenicity

Pregnant rats and rabbits expcsed to 2.5 to 25 ppm epichlorohydrin
during days 6 to 15 or days 6 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 epichlorchydrin at the doses employed.

D.- Other Reproductive Effects

The antifeftility properties of epichlorohydrin .have been examined
by several investigators. Administration of 15 mg/kg/day of epichlorchydrin
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 infer-

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 vivo

hydrolysis of the compound which produces alpha-chlorohydrin. Altered re-
productive function has been reported for workers gccupationally exposed to
epichlorohydrin at concentrations leés than 5 ppm.

E. Chronic &ffects

Two species of rats and one specié of mice (both sexes) were ex-
posed to 53 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 degenerative changes in nasal tissue, moderate to severe tubular
nephrosis; and gross . liver  pathology at SO ppm exposure (Quast, et al.
1979a). The same 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. 197%b).:

Altered blood parameters (e.g. -increased neutrophilic medamyelo-
cytes, . decreased hemoglobin, hematocrit, and erythrocytes) have been ob-
served in .rats exposed to 0.00955 to 0.04774 ml epichlorohydrin per kg body
weight administered intraperitoneally  (Lawrence, et al. 1972). Lesions of
the lungs énd reduced weight gains were also observed.

Toxicity studies with various animal species have established that epi-
chlorohydrin is moderately. toxic by Systemic absorption (Lawrence, et al.

1972). Acute oral D5y values in experimental animals have ranged from

155 to 238 mg/kg for the mouse and from 90 to 260 mg/kg in- the rat. Inbala-

tion LC30_4wa&ues~—saHge~fFfem—%36e——to—ﬂ535—-ppnr—tn"‘rats7‘"tG‘1ﬂ]J‘Tﬁﬁi‘i?rﬁﬁIEé"_—_'___

(SRC, 1979). Single subcutanecus injections of epichlorohydrin in rats at
doses of 150 or 180 mg/kg have resulted in severe injury to the kidney

4

(Rotara and Pallade, 1966).
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Accidental human exposurss have been reviewed (NIOSH, 1976; Santo-
donato, et al. 1979). Direct exposure 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 simultaneous-
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 ocﬁupational standards for exposure to epichlorchydrin are re-
viewed in the NIOSH (1976) criteria document. The NIOSH recommended envi-
ronmental exposure limit is a 2 mg/m3-lO-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. INTRODUCTION

Ethyl methacrylate (molecular weight 114.15) is the ethyl ester of
methacrylic acid. It ié 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-
ble iﬁ aiﬁéhol and ether (Weast, 1975). It possesses a characteristic un-
pleasant 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 indust:ies; It is also used by dentists.as dentél
‘plates, artificial teeth, and orthopedic cement (Austian, 1975).

II.  EXPOSURE

Ethyl methacrylate is used in large guantities and therefore has poten-
- tial for industrial release and environmental .contamination. Ethyl methac-
rylate in the polymerized-forﬁ 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.

: Bioaccumulatioh data on ethyl methacrylate_were not’ found in the avail-
able literature.
III. PHARMACOKINETICS
Specific information on the metabolism, distribution, 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.

B. Teratecgenicity

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, and 15 of gestation. These dbses‘were 10, 20, énd 33 percent,
respectively, of the acute intraperitoneal LDSO dose. Animals were sacrTi-
ficed one day before parturition (day 20).

Deleterious- effects were observed in the developing embryoc and fetus.
£ffects were compound and generally dose-rslated. 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 af
ethyl methacrylate was not found in the available literature.

0. Acute Toxicity .

Lower molecular weight acrylic monomers such as ethyl methacrylate

»
cause systemic toxic effects. -Its administration results in an immediate

£ _
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increase in respiration rate, followed by a decrease after 15-40 minutes. A
prompt fall in blood pressure also occurs, followed by recovery in 4-5
mirutes. As the animal approaches death, respiration becomes labored and
irregular; - lacrimation may occur, defecation and urination increase, and
- finally reflex activity ceases, and the animal lapses into a coma and dies
(Austian, 1975).

Acfylic monomers are irritants to the skin and mucous membrares.
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, Deichmann 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 fail,ure, although the hearts of these animals were .still
beating (Deichmann, 194l1).

Work by Mir, et al. (1974) demonstrated that respiratory system
effects alone may not kill the animal, but that cardiac effects may also
contribute to the cause of death (Austian, 1975). Twelve methacrylate
esters and methacrylic acid were tested on isolated 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 "Group 1",
in which the . heart response is . irreversible at all- con’centrations-
(1:100,000; 1:10,000; 1:1,000). Five percent (v/v) caused a 41.2 percent
decrease in the heart rate of isolated ratbit heart. The same concentration
reduced heart contraction by 64 percent and coronary flow by 61.5 p:arcent

(Austian, 1975)..
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The findings of Deichmann (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) alsc 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 L050 values were found for only rab-
bit and rat; these were established by Oeichmanm in 194l1. 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 values for the rat have been reported to be 3,300 ppm for 8

hours (Patty, 1962). . Deichmann alsc established a skin toxicity LD for

50
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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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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FERRIC CYANIDE
I. INTRODUCTION 3

Ferric cyanide is a misncmer and is not listed 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)s]af, 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)B,
éorresponds actually to one of the ferricyanide compounds, the ferric ferri-
cyanide with the actual formula Fe[Fe(CN).], also known as Berlin green.
The acid from which. 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 deliquescent needles, decomposes'upon heating,
and is soluble in water and alcchol. .In this EPA/ECAQ Hazard Profile only
ferric ferricyanide, Fe[Fe(CN)s], 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 occupaticnally or through inges-

tion of processed food or contaminated water. However, the extent of food

or water contamination from these compounds has not been described in the
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available literature. Prussian blue, potassium ferric hexacyanoferrate
(I1), 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 the available literature.
B. . Metabolism
There is no apparent metabolic alteration of these compounds. As
for the 6ther ferrocyanide and ferricyanide salts, these.compounds are not
cyanogenic (Gosselin, et al. 1976).
C. Excretion
No information is available for ferric hexacyanoferrates (II) or
(III), but information is availabie 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. Cdrcinogenicity, Mutagenicity, Teratogenicity, Chronic Toxicity,
and Other Reproductive Effects

Pertinent data could not be located in the available literature.
B. . Acute Toxicity |
No adequate toxicity data afe available. All ferrocyanide and
ferricyanide salts are reported as possibly moderately toxic (from 0.5 to
5.0 mg/kg as a probable lethal dose in humans) (Gosselin, et al. 1976).
V. AQUATIC TOXICITY )
Pertinent data could not be located in the available literature regard-

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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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 envirédnmental impacts presented by the
subject chemical. This document has undergone scrutiny to
ensure 1its technical accuracy.
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FLUORANTHENE
SUMMARY
No direct carcinogenic effects hnave been produced by
fluoranthene after administration to mice. The compound
hés 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 and decreasing tumor latency.
" Fluoranthene has not shown mutagenic, teratogenic or
adverse reéroductive effects.

Daphnia magna appears to have low sensitivity to fluoran-

'thene with a reported 48—hour-EC50 of 325,000 pg/l. The '
bluegill, however, is considerably more sensitive with an
observed 96~hour LCgy value of 3,980. The 96-hour LCgy
for mysid shrimp is 16 pg/l, and a reported chronic value
is" 16 - ng/1. | Observed. 96-hour EC50 values based on cell

numbers for fresh and saltwater algae are over 45,000 pg/l.

i
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FLUORANTHENE
I. . INTRODUCTION ‘

This profile 'is based on the Ambient Water Quality
'C:iteria'Document for Fluoranthene (U.S. EPA, 1979).

Fluoranthene (1l,2-benzacenapthene, M.W. 202) is a poly-
nuclear aromatic hydrocarbon o©f molecular formula Ci6810°
Its physical properties. include: melting point, 111°c; boil-
ing point, 375°C; water solubility, 265 pg/l {(U.S. EPA,
1978).

Fluoranthene 1is 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 adsorbed aﬁé concentrated on a variety
of particulate matter. Micelle formation through the action
of organic solvents or detergents may occur. (U.S. EPA,
1979).

Flouranthene is produced from the pyrolytic processing
of coal and petroleum and may result from natural biosyn-
thesis kU.S. EPA, 1979).

II. EXPOSURE

Fluoranthene is ubiquitous in the environment; it has
been monitored in food, water, air, and in cigarétte smoke
(U.S. EPA, 1979). Sources of contamination include indus-
trial effluents and emissions, sewage, soilf infiltration,
and road runoff (U.S. EPA, 1979). Monitoring of drinking
water has sﬁown -an average fluoranthene concentration.fof

27.5 ng/l in positive samples (Basu, et al. 1978). Food

*
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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 fluoranfhene occurs mainly from fruits, vegetables,
and bread.

An estimated daily exposure to fluoranthene has been

prepared by EPA (1979):

- Source -Estimated Exposure )
Watef 0.017 Pg/day

‘Food 1.6 - 16 pg/day

Air 0.@40 - 0.080 pg/day

Based on the octanol/water partition coefficient, the
U.S. EPA (1979) has estimated weighted average bioconcen-
tration. factor of 890 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. 197%6).
B. Distribution
Pertinent information could not be located .in
" the available 1literature,. Experiments with benzo(a)pyrene

indicate localization in a wide variety of body tissues,

primarily in body fats (U.S. EPA, 1979).
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c. Metabolism

Pertinent information could not be located in
the available literature. By analogy with other PAH com-
pounds, fluoranthene may be expected to undergo metabolism
by. the mixed function oxidase enzyme complex. Transforma-
tion products 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 could not be located 1in
the a Jlable 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. E JECTS

A.“:/Carcinogenicity
e Testing of fluoranthene in a marine -carcinogenesis
biocassay failed to show tumor production  following dermal
or subcutaneous administration of fluoranthene (Barry, et
al., 1935).

Skin testing of -fluoranthene as a tumor promoter
or initiator in micé has also failed to show activity of
the compound kHoffman, et al., 1972; Van;Duuren-and Gold-
schmidt, 1976). .

Fluoranthene has been demonstrated to have car-

cinogenic  activity (Hoffmann and Wynder, 1963; vVan Duuren
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