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Advisory Opinion for Benzene
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

October 23, 981

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the
general population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for
selected contaminants in drinking water. An EPA-SNARL and a
NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-SNARLs are established for a i0 kg body
weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data
exist. A SNARL does not condone the presence of a contaminant
in drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where
contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an
identified drinking water contaminant, the Office of Drinking
Water develops EPA-SNARLs following the state-of-the-art con-
cepts in toxicology for non-carcinogenic risk for short and
longer term exposures. In cases where a substance has been
identified as having carcinogenic potential, a range of esti-
mates for carcinogenic risk based upon lifetime exposure as
developed by the NAS (1977 or 1980) and/or EPA’s Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the
EPA-SNARL nalculations for all exposures ignore the possible
carcinogenic risk that may result from these exposures. In
addition, EPA-SNARLs usually do not consider the health risk
resulting from possible synergistic effects of other chemicals
in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not
issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum
Contaminant Levels (MCLs). The latter must take into account
occurrence, relative source contribution factors, treatment,
technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration





set for-EPA-SNARL purposes might differ from an eventeual MCL.
The’EPA-SNARLs may also change as additional information
becomes available. In short, EPA-SNARLs are offered as advice
to assist those such as Regional and State environmental ana
health officials, local public officials and water treatment
facility personnel who are responsible for the protection of
public health when dealing with specilic contamination situa-
tions.

General Information and Properties

Benzene is an aromatic hydrocarbon, has the molecular formula

C6H6 and a molecular weight of 78.1 (Weast et al. 1965). Under
standard conditions, benzene is a colorless liquid with a very
characteristic odor. It is highly flammable (limits of flam-
mability in air of 1.5-8.0% by volume) and volatile (vapor
pressure of I00 mm Hg at 26 C). Benzene is relatively soluble
in water (1.8 g/l at 25 C) and miscible with a variety of
organic solvents. Its density, 0.8737 g/ml at 25 C, is lower
than that of water so that undissolved benzene floats on top of
water. The pure liquid freezes at -5.553 C and boils at

80.100 C (Ayers and Muder, 1964). The vapors of benzene are
nearly three times heavier than air (Lange and Forker, 1961),
causing them to settle, in low places if the ambient air is
relatively still.

Benzene forms a two-phase, minimum boiling azeotrope with water

at a benzene concentration of 91% by weight, boiling at 69 C.
It also forms ternary azeotropes with other organic compounds
and water (Horesly, 1947). This factor must be considered if
evaporative purification systems are used to remove benzene
from water. A concentration of i part per million in air is
equivalent to 3.2 rag/m3. It is noteworthy that the American
Conference of Governmental Industrial Hygienists (ACGIH),
Occupational Safety and Health Administration (OSHA) and the
National Institute for Occupational Safety and Health (NIOSH)
recommend threshold limit values for benzene as follows: 32
rag/m3 (i0 ppm), 3.2 rag/m3 (I ppm) and 32 rag/m3 (i0 ppm),
respectively.

Sources of Exposure

Since benzene is broken down rapidly by bacteria in non-
chlorinated water, the levels reported in individual samples
may grossly underestimate the actual amount present as a result
of decomposition due to sunlight or storage (Brass, 1981).
Benzene concentrations in U.S. drinking water have not been
surveyed in detail. In the National Organics Monitoring Survey
(NOMS), which was conducted from March 1976 through January





1977, benzene analyses were performed on three samplings from
community water supplies, which were representative of various
types of sources and treatment processes. The numbers of
positive benzene analyses per numbers of cities sampled were
0/iii, 7/113 (with a mean of 0.4 ug/liter) and 4/16 (with a
mean ol 0.95 ug/liter) (USEPA, 1978). Four ol ten water sup-
plies surveyed by the EPA utilizing volatile organic analysis
contained benzene at concentrations oi 0.1-0.3 ug/liter (USEPA,
1975). Benzene analyses were performed on samples collected
during the National Organics Monitoring Survey (USEPA, 1977).
Samples from some of the larger cities using surface waters
as their primary water source contained low levels of benzene.
The Community Water Supply Survey reported finding that eleven
samples out of 230 water supplies analyzed were positive for
benzene; the average concentration ranged from 0.4 ug/l in
phase-2, to 0.95 ug/l in phase 3 (Brass, 1981). Of the I00
ground water supplies examined, only one was found to contain
benzene; the concentration was 0.6 ug/l (ibid).

Benzene can move into surface water from landfills or indus-
trial disposal sites. Three hundred and seven community water
supplies using ground water were included in the Community
Water Supply Survey. Five of these communities were found to
be providing water that contained benzene; the concentration
ranged from < 0.5 44 ug/l. Since benzene is a major com-
modity chemical, the potential for exposure to benzene from
accidental spills, landfill and industrial leachate remains
high.

A review of benzene sampling data by Howard and Durkin (1974)
found that only .trace levels of benzene had been detected in
a few fresh-water samples at that time. For example, a 1972
EPA study cited in the report (USEPA, 1972) identified 53
organic chemicals in the finished waters and organic waste
effluents from ii plants (of 60 sampled) discharging into the
Mississippi River. Benzene was not detected in the effluents,
but the trace detected in the finished waters suggested another
source other than effluent discharge. Dowty et al. (1975)
detected benzene in both the raw water (Mississippi River) and
finished water at a New Orleans area water treatment plant.
It should be noted that .these authors also detected benzene
and other organics in some commercially bottled artesian waters
and deionized charcoal-filtered water. A sampling of five
benzene production or consumption plants by Battelle Research
Institute found benzene concentrations in water ranging from
less than i to 179 ppb (plant effluent). The concentrations
at 13 upstream and downstream sample locations in nearby
receiving waters, however, ranged from less than i to 13 ppb,
with an average of 4 ppb (Fentiman et al. 1979).

Benzene has been detected in various food categories: fruit,
nuts, vegetables, dairy products, meat, fish, poultry, eggs
and several beverages. The NCI reported that an individual





could ingest as much as 250 ug/day from these foods (NCI, 1977).

The respiratory route is the primary source of human exposure
to benzene. Much of this exposure is to the general population
by way of gasoline vapors an automotive emissions. American

gasolines contain an average of < 1% (by volume) benzene, e.g.
0.8% (Runion, 1975). Benzene comprises approximately 2.15%
(by volume) of the total hydrocarbon eissions from a gasoline
engine (Schofield, 1974). Abient air concentrations o
benzene in the vicinity of European gas stations were found to
range from 0.8 to 3.2 ppm for gasoline having contents of 3.7%
(by volume) (Parkinson, 1971). Assuming U.S. gasolines to be
1% by volume, one would expect atmospheric concentrations rang-
ing from 0.2 ppm to 0.9 ppm at U.S. gas stations. Production,
chemical conversion and industrial user emissions constitute
another major source of exposure. Lonneman et al. (1968)
measured an average benzene concentration of 15 ppb in Los
Angeles air, with a maximum of 57 ppb.

Indoor air concentrations of benzene also may represent a sig-
nificant exposure source for specific segments of the popula-
tion. Young et al. (1978) stated that consumers may be exposed
unknowingly to benzene in the home in the form of paint strip-
pers, carburetor, cleaners, enatured alcohol, rubber cememt aria

art and craft supplies, as well as through use of gasoline as
a cleaning solvent.

Smoking may be a very significant benzene exposure source for
a portion of the population. Newsome et al. (1965) found that
a 40 ml draw of cigarette smoke contained 6.1 ug of benzene.
Assuming 15 draws per cigarette, one pack of 20 cigarettes
smoked per day and a daily air intake of 20 m3 (Diem, 1962),
the equivalent annual average atmospheric exposure would be

92 ug/mB (28 ppb).

Pharmacokinetics

Benzene is absorbed readily through the lungs of humans and has

an absorption rate of about 50% after five hours at a dose
level of 340 rag/m3 (Srobova et al. 1950, Teisinger et al.

1952). Inhalation at 166.4 rag/m3 to 198.4 mg/m for four hours
resulted in 30% retention after three hours (Nomiyama and

Nomiyama, 1974). Hunter and Blair (1972) reported that humans
retained 230 mg after exposure to 80 to 100.mg/m3 for 6 hours.

Retained benzene is distributed in tissues according to their
fat content. Bone marrow, which, in toto, is an organ about
two-thirds of the size of the liver, a high tissue/blood
partition co-efficient for benzene. Metabolites are believed
to be important in the development of hematotoxicity, partly
because of the effect of altered liver metabolism upon leuko-





penia and other hematopoietic responses. But little is known
o+/- the metabolite ate of benzene in the bone marrow (Snyder
and Kocsis, 1975).

Whether administered by inhalation, orally, or by another route,
benzene is eliminated rapidly by expiration and excretion in
the urine. Parke and Williams (1953) administered 14C-labeled
benzene orally to rabbits (0.34-0.5 g/kg) and collected samples
over three days. Benzene expired in air accounted for 43% of
the dose; 34.5% was excreted in the urine as glucuronide or
ethereal sulfate conjugates of metabolic oxidation products
phenol, quinol, catechol and hydroxyquinol together with small
amounts of other products; and 5% to 10% remained in the tis-

sues. Benzene is metabolized similarly in humans (Laskin and
Goldstein, 1977).

Health Effects

Short-term exposure to relatively high levels of benzene pro-
duces central nervous system effects. Such effects include
dizziness, giddiness, exhilaration, nausea, vomiting, headache,
drowsiness, staggering, loss of balance, narcosis, coma and

death.

It has been known since the 19th century that long-term low-
level exposure to benzene produces adverse hematological
effects; Santesson (1897) described cases of aplastic anemia

in workers fabricating bicycle tires. The original associa-

tion of acute leukemia with benzene exposure was made in 1928
(Delore and Borgomano, 1928) and it has been postulated that
benzene may be a cause of acute myeloblastic leukemia (Gold-
stein, 1981; OSHA, 1978b; NAS, 1980). Other hematological
diseases also have been reported to be associated with benzene
exposure (Goldstein, 1977).

Short-Term Exposure

Gerarde (1960) provides a table summarizing acute effects in

which t is stated that 19,000-20,000 ppm for 5-10 minutes is

a fatal benzene level; "7,500 ppm for 30 minutes is dangerous
to life; 1,500 ppm for 60 minutes produces serious symptoms;
500 ppm for 60 minutes leads to symptoms of illness; 50-150 ppm
for five hours produces headache, lassitude and weakness."

Mild central nervous system effects appear to be rapidly rever-

sible following cessation of exposure. There is no evidence

that they result in chronic brain damage. Also of importance
is that these effects appear to be concentration-dependent.
Lower levels ol benzene do not seem to elicit these responses
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no matter how long the exposure (at 480 mg/m3) (Goldstein,
1977). Therefore, for acute (single dose or one day) expo-
sures, a study that evaluates acute effects is required.

In animal studies, effects similar to those described for
humans have been noted. Six rabbits exposed by inhalation to

112,000 to 144,000 mg/m3 underwent anesthesia after 3.7 minutes

and showed other effects in the central nervous system until

death, which ensued after 22.5 to 71 minutes (Carpenter et al.
1944)

Kimura et al. (1971) studied acute oral toxicity in Sprague-
Dawley rats. They used 6 to 12 rats of both sexes per group
in testing newborn and 14-day old rats, and 6 male rats per
group for the other older ages. Single dose LD50 values for
14-day old, young adult, and old adult rats were 3.0, 3.3 and

4.9 g/kg body weight, respectively. Withey and Hall (1975)
performed an initial range finding study of ten male Sprague-
Dawley rats (150-200 gm) using five ose levels: 2.00, 2.99,
4.47, 6.69 and i0.0 gm/kg. The benzene was administered via

gavage. A separate study then was initiated on 20 male rats

at each of five dose levels (3.00, 4.25, 6.00, 8.46 and 11.92
g/kg). The LD50 in both experiments was the same: 5,96 g/kg.
.Three of the dose levels used (2.00, 2.99 and 3.0) had no
deaths.

Longer-Term Exposure

The toxicity of benzene to the hematopoietic system of humans

experiencing chronic exposure to benzene is well documented.

Reported effects include myelocytic anemia, thrombocytopenia,
or leukopenia (occurring either separately or in cases of

pancytopenia) and leukemia, particularly acute myelogenous and

monocytic leukemia. In many of these studies, humans were ex-

posed to benzene along with other solvents at relatively high
concentrations. Data on the level and duration of exposure
are inadequate for deriving dose-response relationships of

chronic benzene toxicity (Vigliani and Forni, 1976). While it

is impossible to determine a no-effect dose, it is highly prob-
able that continuous exposure to benzene at low levels will

result in the above noted effects. Infante et al. (1977) re-

ported a retrospective cohort study of two populations of

workers who were involved in production of rubber sheeting
(Pliofilm). Benzene was the only material in their work envi-

ronment that was known to be associated with blood disorders.

In both plants during 1940-1949, the. occupational exposure of

561 workers to benzene was apparently well within the maximum

allowable concentration of i00 ppm that was usually recommended.

Vital status to 1975, which was obtained for 75% of the workers,
showed a significant excess of leukemia in those exposed to

benzene, indicating a 10-fold increase in risk of death from





myeloid and monocytic leukemia.

The onset of leukemia is usually preceded by many observable
effects on the hematopoietic system (Snyder and Kocsis, 1975).
It is not known whether benzene causes leukemia as one aspect
of its hematotoxic effects, whether the leukemia is a conse-

quence of benzene-induced damage to immunological components
of the bone marrow, or whether the leukemic effects are unre-

lated to the other hematopoietic manifestations (Laskin and

Goldstein, 1977).

Benzene mixed with equal parts of olive oil was administered to

rats by subcutaneous injection (Latta and Davies, 1941);
Gerarde, 1956). Weight loss and leukopenia resulted from doses

of 880 mg benzene/kg body weight, which were given daily for 14
days (Gerarde, 1956), and from doses of 1.32 g benzene/kg body
weight, which were given daily for 3 to 60 days (Latta and
Davies, 1941). In Latta and Davies’ study, a rat that died

after i0 days had hyperplastic bone marrow, and one that died

at 21 days had acute leucopenia and hypoplastic bone marrow.

Oral administration of benzene to rats in daily doses of i, i0,
50 and I00 mg/kg body weight during 132 days over 6 months re-

sulted in leucopenia and erythrocytopenia at the lowest minimal

effect level of i0. mg/kg and above (Wolf et al. 1956).

Leucopenia is .the most commonly observed effect of chronic

benzene intoxication in laboratory animals. Deichmann et

(1963) exposed 40 male and 40 female Sprague-Dawley rats by
inhalation to six different levels of benzene for 5 hours to

7 hours per day, four days a week for six to 31 weeks. Tail

blood was collected weekly or biweekly and analyzed for total

peripheral white blood cell count, red blood cell count and

benzene concentrations. All rats were examined for gross
pathologic tissue changes and, in a few instances, the nucle-
ated cell populations of femoral bone marrow were determined.

The dose levels were 0, 50, 96, 103, 146, 156 and 2760 rag/m3.
The most significant and constant pathological changes were

found in the lung (chronic bronchopneumonia) and spleen (hemo-
siderosis). The splenic hemosiderosis was more severe and

occurred more frequently in females when compared to controls,
but was not dose related. Leucopenia developed at 146 mg/m3
and above. This effect was dose related and occurred with

greater severity and at earlier times in females. In addition,
there was some indication, also in females, that the circula-

ting white blood cell count was depressed at 103 rag/m3. How-
ever, at lower exposures, a fall in leukocyte causes cyclical
fluctuations. Moreover, there is normally wide variation

among cell counts during diurnal cycles and among individual

animals.





Teratogenicity

Only one study of teratogenicity has been note. In this study,
Watanabe and Yoshida (1970) gave subcutaneous injections of
acute toxic doses of benzene (2.62 mg/kgbody weight) to preg-
nant mice on days Ii through 15 of gestation. Malformations
were most prevalent in the group that was treated on the 13th
day. Four of 15 litters, involving i0 of 127 fetuses, had
cleft palate, agnathia, or micrognathia. Decreased white cell
count and weight gain in the benzene-treated mice were the same
whether the litters were normal or included malformed fetuses.
As an indication of the toxicity of the dose used in this ex-
periment, live male mice that received benzene at 2.62 mg/kg
body weight survived, while four of five male mice that had
been injecte with 3.49 mg/kg died within 3 days. Therefore,
teratogenicity occurs in mice exposed to benzene, though at
doses very close to lethal.

Mutagenicity

Toxic efects on bone marrow cells of rats and other laboratory
animals include changes in chromosome number and chromosome
breakage that rsemble those in humans. There is no clear evi-
dence or dose-dependent response (Laskin and Goldstein, 1977).
Lyon (1975) used the Ames assay with Salmonella typhimurium
strains TA98 and TAI00 to test benzene for mutagenicity in
doses ranging from 0.I to 1.0 ul/plate, both without and with
microsomal fractions at concentrations from i to 50 ul/plate.
Postmitochondrial supernatant suspensions of microsomes were
prepared from liver homogenates from normal rats and from rats
that had been treated with phenobarbital and 3-methylcholan-
threne (MCA), and from the bone marrow of normal and MCA-
treated rats. Benzene was uniformly negative in all of these
assays and was also inactive in the dominant lethal assay in
rats.

Carcinogenicity

Maltoni and Scarnato (1979) administered by gavage benzene dis-
solved in virgin olive oil to 13 week old Sprague-Dawley rats.

The material was administered at doses of 50 and 250 mg/kg for
4-5 days a week for 52 weeks. The animals then were allowed to

live until spontaneous death. Each high dose group consisted
of 35 male and 35 female rats and controls and low dose groups
were composed of 30 male and 30 female rats. After 20 weeks of

exposure, Maltoni and Scarnato corrected the denominators (num-
ber of animals surviving) to reflect "nonexperimentally" caused
deaths. The 250 mg/kg dose level group then consisted of 33
male and 32 female rats; the 50 mg/kg and olive oil control
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group then consisted of 28 male and 30 female rats. The
authors reported their results after 144 weeks. At the 250
mg/kg dose level, 25% (8/32) of the female rats and Zymbal
glanu tumors, 6.2% (2/32) had skin carcinomas, 21.9% (7/32)
had mammary carcinomas, 3.1% (1/32) had leukemias. The male
rats in the 250 mg/kg dose group had no Zymbal gland tumors,
no skin carcinomas and no mammary gland tumors; however, they
had 12.1% leukemias (4/33), one subcutaneous angiosarcoma
(3.0%) and one hematoma (3.0%). In the rats remaining after
the 20 week aajustments, the following carcinogenic effects
were noted. At the 50 mg/kg dose level, only female rats had
tumors which were Zymbal gland carcinoma, 6.7% (2/25) and mam-
mary carcinoma, 13.3% (4/25). The control group had tumors
only in female rats, which were: mammary carcinoma i0.0%
(3/30), leukemias 3.3% (I/30). The authors concluded that
benzene "appears to cause Zymbal gland carcinomas, at the two
studied dose levels with a dose response relationship. More-
over, a dose correlated increase of hemato-lympho reticular
neoplasias (leukemias) and mammary carcinomas has also been
observed."

Ward et al. (1975) subcutaneously injected male C57BL/6N mice
repeatedly with benzene dissolved in corn oil. Eighty benzene
treated mice, while initially divided into four dose groups
ranging from 0.5-2.0 mg/kg, were eventually combined and re-
ported as a single experimental group. Three control groups
were used with twenty male mice per group: a no treatment
control, a corn oil only control, and a positive control using
butylnitrosourea. The animals were injected twice weekly for
44 weeks, then once weekly until 54 weeks. At 104 weeks after
the first injection, all surviving mice were sacrificed (108
weeks o age) and a complete necropsy was performed, as had
been done with all the mice that died. The toxic lesions in-
cluded a bone marrow depleted of hematopoietic cells and hepat-
onecrosis. A granulocytic leukemia was also noted. After re-
viewing the data from that study, the National Academy of
Sciences Safe Drinking Water Committee concluded that the in-

crease in pathology was not statistically significant, even
when time to response was incorporated into the analysis
(National Academy of Sciences, 1977).

EPA- SNARL Development

The Office previously released an emergency SNARL for kerosene
and fuel oil #2 based, in part, on their benzene content. The
present document supercedes all previous ODW benzene guidances.
The Office of Drinking Water will, from time to time, as data
and other relevant information become available, update these

guidances to reflect the most recent scientific reports.

The available data suggest that the EPA-SNARL for benzene
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should be based on the potential of this compound to produce
hematopoietic damage. This decision is justified by the fol-
lowing factors:

The hematopoietic system appears to be the most sensitive
indicator of benzene toxicity.

Benzene-induced leukopenia and fatal anemia develop in

days; rabbits, guinea pigs, rats and mice sometimes develop
anemia within 12-15 days (Hough and Freeman, 1944; Petrini,
1941; Wolf et al. 1956).

The ten-day and longer-term SNARL values calculated for benzene
do not take into account the suggested carcinogenicity of ben-
zene and are based on data from papers in which benzene toxi-

city was evaluated. In some of the studies, dose-response in-
formation is available, whereas, in others a single dose was
chosen to produce a toxic effect. In the cases reported here,
the effects were related to bone marrow toxicity. Where pos-
sible, studies were selected where benzene was administered
orally.

One-Day EPA-SNARL
The EPA determined that there were insufficient data to compute
a one-day SNARL. Similarly, the National Academy of Sciences
(1981) stated that there are insufficient data to determine a
one-day SNARL.

Ten-day SNARL

Calculation of the ten-day SNARL is based on the study of
Deichman et al. (1963) who exposed rats to benzene four days a

week by inhalation and monitored their hematology weekly. By
the second week of treatment, there was definite hematological
impairment at the 2659 rag/m3 exposure concentration and some
indication, especially in females, that white blood cells were
depressed at the 103 mg/m3 exposure concentration. No effect
was seen, however, at 96 mg/m. The following equation was

applied to provide a ten-day SNARL of 0.23 mg/l.

Step i

(96 rag/m3)(6 m3)(0.5)(4)( Ib kg) 0.23 mg/l
(100)(i/day) x 7 (70 kg)
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where (96 rag/m3) 29 ppm exposure
6 m3 volume o air inhaled over 6 hours exposure

based upon equivalent lung/whole body ratios
for adult humans and rats (Olson and Gehring,
1976)

0.5 absorption factor
4/7 conversion ol total weekly dose to equivalent

daily dose
i0 child/adult body weight ratio
70
i i liter o water consumed per day by i0 kg child

i00 safety factor

Longer-term SNARL

Longer-term SNARLs are not for lifetime exposures. These

SNARLs apply only to contamination levels during interim

periods of exposure.

A longer-term SNARL can be calculated using data from Wolf

et al. (1956) who garaged female rats at doses of I, i0, 50
and i00 mg/kg over a 187 day period. No effects were seen at

i mg/kg but a slight leucopenia was observed at i0 mg/kg given

132 times over the 187 days. The no-effect level would appear
to lie between these values.

(i mg/kg)(10 kg) (100%) (5) 0.07 rag/liter
(i00) (7)

where: i mg/kg assumed no effect dose
I0 kg i0 kilogram child
100% absorption factor
i I i liter of water, consumed per day by i0 kg

child
i00 safety factor
5/7 factor to correct from 5 days/week to 7 days

The National Academy of Sciences derived its 10-day SNARL using

the Wolf data. They chose the 50 mg/kg as the no effect dose,

five times the I0 mg/kg dose which showed a slight leucopenia.

No chronic SNARL was calculated for benzene by the National

Academy of Sciences because, in their opinion, benzene is a

suspect human carcinogen.

Carcinogenic Risk Estimate

The National Academy of Sciences, in Drinking Water and Bealth,
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Volume 3, 1980) states:

There are no data rom animal models for use in
extrapolation. Occupational studies on human expo-
sure (Aksoy et al. 1972, 1974 a, b, 1976; Ishimaru
et al. 1971; Thorpe, 1974) do not contain adequate
intormation on degree of exposure or size of popula-
tion at risk. In addition, the workers in benzene-
related occupations typically were exposed to other
chemicals, as in-the study reported by Ott et al.
1978. Consequently, extrapolation of benzene-induced
cancer risk from such data as these would be tenuous.

In a study by Inlante et al. 1977, workers were ex-

posed to benzene as the sole chemical suspected of
affecting the hematopoietic system. In these cases,
benzene concentrations apparently were high during
the first years of exposure and were lower thereafter.
There are no data indicating how often short exposures
at elevated levels may have occurred. Estimates of

actual exposure are inadequate for extrapolation for

risk of benzene- induced leukemia.

.The EPA’s Carcinogen Assessment Group (CAG) has determined a

carcinogenic risk estimate by using the following considera-

tions.

Three epidemiology studies of workers exposed to
benzene vapors on their jobs, performed by Infante,
Ott and Aksoy, were reviewed by the CAG for the
Office of Air Quality Planning and Standards (USEPA,
1979). Their result was that the potency for humans

breathing benzene continuously is B 0.02407. This

means that the lifetime risk of getting leukemia, R,
equals 0.024074 times the lifetime average continuous

exposure, X, measured as ppm of benzene by volume in

air, or R BX. Therefore. the air concentration, X,
resulting in a risk of i0- is X R/B 10-5/0.024074
4.1539 x 10 -4 ppm.

Since the air concentration corresponding to i ppm of
benzene is 3.25 rag/m3 and assuming a respiratory rate

of 20 m3/day and a respiratory absorption coefficient

of 0.50, the daily intake that would result in a risk

of 10 -5 is:

4.154 x 10 -4 ppm x 3.25 x 103 ug/m3 per ppm x 20 m3/
day x 0.5 13.5 ug/day

If it is assumed that the fraction of benzene absorbed is the

same between inhalation and ingestion of water and fish, a

daily benzene intake ol 13.5 ug through drinking water would

cause a leukemia risk of 10-5. The water concentration given
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this intake is:

C (13.5 ug/day)/(2)

6.75 ug/l

6.8 ug/l

Exposure Assumptions
( per day)

2 liters of drinking
water

Risk Levels Corresponding Criteria

10-7 0.068
10-6 0.68
10-5 6.8

Analysis

Benzene and other related aromatic compounds can be analyzed by
a purge-and-trap gas chromatographic procedure developed by
EPA’s Environmental Monitoring and Support Laboratory (USEPA,
1980b). Volatile compounds are transferred from aqueous solu-
tion to the gas.phase by an inert gas which is bubbled through
the aqueous sample. The compounds are swept from the purging
device and are trapped in a short column containing a sorbent
material. The trapped components are then thermally desorbed
and backflushed onto the head of a gas chromatographic column
where they are separated under programmed temperature condi-

tions.

The following specifications are recommended for benzene

analysis:

Primary Column: Six feet long x 0.082 inch ID#304 stainless
steel or glass tubing. Packed with 5% SP-1200 + 1.75 Bentone
34 on 100/120 mesh Supelcoport.

Temperature: 50 isothermal for 2 minutes, then program at

6/minute to 90 C.

Carrier ga: Helium at a flow rate of 30 ml/minute.

Detector: A high temperature photoionization detection equip-
ped with a 10.2 eV lamp. The unit is operated with an electro-
meter/lamp power supply. The electrometer must be capable of
stable, noise-free operation at ixl0 -12 amps with a full scale
response time of i second.

Sample size: 5 ml.

Confirmatory analysis by GC-MS or a secondary chromatographic
column is recommended. With the recommended primary column the
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retention time for benzene is 199 seconds and the lower limit
of’ detection is 0.02 ug/l.

Treatment

(Forthcoming from STB)

Conclusions and Recommendations

Benzene at high levels is extremely toxic to the central
nervous system. Its toxicity at lower levels is the result
of bone marrow effects which may result in pancytopenia with
fatal outcomes. As stated above, the recommended guidance
levels for benzene are:

Ten-Day -0.23 mg/l
Longer-term 0.07 mg/l
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Advisory Opinion for l,l-Dichloroethylene
(Viny!idene Chloride)

Office of Drinking Water
U.S. Environmental Protection Agency

Washington, D.C. 20460
June 15, 1981

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects

upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health

effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the

general population. The advisories are called Suggested No

Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for

selected contaminants in drinking water. An EPA-SNARL and a

NAS-SNARL may well differ due to the possible selection of

different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for

adults while the EPA-SNARLs are established for a I0 kg body
weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data

exist. A SNARL does not condone the presence of a contaminant

in drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where

contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking

Water develops EPA-SNARLs following the state-of-the-art con-

cepts in toxicology for non-carcinogenic risk for short and

longer term exposures, in cases where a substance has been

identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA Carcinogen

Assessment Group (EPA, 1980a) is presented. However, the EPA-
SNARL calculations for all exposures ignore the possible car-

cinogenic risk that may result from these exposures. In addi-

tion, EPA-SNARLs usually do not consider the health risk

resulting from possible synergistic effects of other chemicals

in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to





health effects. It is quite conceivable that the concentration

set for EPA-SNARL purposes might difler from an eventual MCL.
The EPA-SEARLs may also change as additional information be-
comes available. In short, EPA-SNARLs are oflered as advice
to assist those such as Regional and State environmental and
health officials, local public officials, and water treatment
facility personnel who are responsible for the protection of
public health when dealing with specilic contamination situa-
tions.

General Information and Properties

l,l-Dichloroethylene (I,I-DCE, vinylidene chloride) is used
industrially as a chemical intermediate and in the manufacture
of polyvinylidene copolymers (PVDCs). PVDCs are widely used
in food wrappings in the manufacture of non-flammable synthetic
fibers and as interior coatings for storage tanks and piping.

l,l-Dichloroethylene is a clear, colorless liquid with the
molecular formula C2H2CI 2 and a molecular weight of 96.95. It
is slightly soluble in water (400 mg/l at 20 C), but readily
soluble in organic solvents. In air, one (I) ppm is equivalent
to 3.97 mg/m3 and one (i) mg/l is equivalent to 252 ppm, when
measured at 25 C and 760 mm Hg (Irish; 1963). It is extremely
volatile, having a vapor pressure of 591 Tort (mm Hg) at 20 C
and a boiling point of 31.5 C. It has a melting point of
-122.1 C and a mild, sweet odor similar to that of chloroform.
The liquid is heavier than water with a specific gravity of 1.3.
Its vapor is over three times heavier than air and will, there-
fore, settle in low places in a still atmosphere. The monomer
polymerizes to a plastic at temperatures above 0 C, especially
in the presence of oxygen or other catalysts. The octanol/
water partition coefficient for l,l-dichloroethylene is 5.37
(Radding et al., 1977).

The present threshold limit value (TLV) for l,l-dichloro-
ethylene in the United States is I0 ppm (40 mg/m3) (ACGIH,
1977).

Sources of Exposure

Pearson and McConnell (1975) indicated that degradation of a

chlorinated hydrocarbon such as l,l-dichloroethylene when dis-

solved in water is much slower than in the atmosphere. They
estimated a tropospheric half-life of eight weeks. A rapid
degradation in aqueous systems does occur in the presence of
metallic iron (McConnell et al., 195).

l,l-Dichloroethylene has been detected in 2% of the finished
drinking water samples from 103 cites tested (Coniglio et al.,
1960). The mean concentration was 0.36 ug/l, with a range of





0.2-0.51 ug/l. None was detected in 105 raw water samples.
Thirteen cities were sampled whose water cae from ground
water sources. Of the raw waters tested, 15.4% (2 cities)
were positive, (mean 0.5 ug/l). Of the finished waters

tested, 7.7% (i city) was positive (0.2 ug/l).

One might expect that the population most exposed to l,l-
dichloroethylene would be workers in industries manufacturing
or using the chemical. For example, tithe weighted average
(TWA) concentrations as high as 70 ppm were estimated during
air sampling studies at a polyvinylidene chloride copolymer
fiber production facility (Ottet al., 1976). l,l-Dichloro-
ethylene was also identified as a co-contaminant with vinyl
chloride monomer in the working environment of polyvinyl
chloride production plants, present at concentrations below

5 ppm, but typically at trace levels (Kramer and Mutchler,
1972).

Ambient levels of l,l-dichloroethylene have been measured by
Tenax sampling/gas chromatography-mass spectrometry analysis
(Pellizzari, 1978). Maximum concentrations detected in var-

ious areas of the United States varied from a trace (260
rig/m3) near Grand Canyon, Arizona, up to 2500 rig/m3 at Front

Royal, Virginia.- .The data may be low due to sample instabil-

ity.

No data were found to indicate contamination of foodstuffs
with l,l-dichloroethylene residues.

Pharmacokinetics Metabolism

l,l-Dichloroethylene, as a neutral, low molecular weight,
lipid soluble material, should be readily absorbed following

any route of administration. Pharmacokinetic studies in rats

and mice based on urinary and biliary excretion data have

shown that administration of a single oral dose of l,l-dichloro-
ethylene in the dose range 0.5-50 mg/kg results in rapid and

complete absorption (McKenna et al., 1978b; Reichert et al,
1979; Jones and Hathway, 1978a). Rapid absorption and distri-

bution.of I,I-DCE after intraperitoneal administration has also

been demonstrated (Jones and Hathway, 1978a).

It is well established that the absorption of gases from the

lung is highly dependent on the blood:gas partition coeffi-

cient, l,l-Dichloroethylene has a high blood:gas partition
coefficient (4.0), albeit less than trans-l,2-dichloroethylene
(10.9) (Andersen et al., 1980). During inhalation exposure,
steady-state conditions are reached in the whole animal within

one hour (Filser and Bolt, 1979; Andersen et al., 1980).

Distribution of I,I-DCE to the organs of rats following intra-
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gastric .ad.inistration of an unspecified dose of [14C] I,I-DCE
in sequential autoradiograTs of ionitudinal sagittal sections

through whole animals showed large 14C concentrations in the
kidneys and liver after 30 minutes and a more general distribu-
tion of 14C throughout the soft organs of the body at i hour

Jones and P,athway, 1978a). The kidneys and liver retained
4C for the longest time after dosing.

Subcellular distribution of 114C] 30 minutes following inhala-
tion of 2,000 ppm (8000 mg/m) of [14C], I,I-DCE for 2 hours
was determined in the microsomal, mitochondrial, and cytosolic
compartments of the liver (Jaeger et al., 1977). More 14C was

found in liver fractions from fasted rats than from fed rats.

There was no marked subcellular localization of 14C since its

concentration was about the same in mitochondria, cytoplasm
and microsomes. The 14C found in microsomes and mitochondria

was largely covalently bound (TCA-insoluble). In contrast

the cytoso contained substantial amounts of TCA-soluble
suggesting the presence of metabolites. Significant amounts

of the 4C in microsomes and mitochondria was CHCl-soluble,
suggesting that there is considerable binding of C to lipids.
The turnover rate of TCA-insoluble radioactivity derived from

I,I-DCE has a half-life of 2-3 hours.

Metabolic end products of chlorinated ethylenes are predomi-
nantly alcohols and ca.rboxylic acids. Liebman and Ortiz (1977)
have postulated the various metabolic pathways for I,I-DCE.
Chloroacetic acid has been identified as a product in perfused
rat liver. Inhibition of epoxide hydrase resulted in a stim-

ulation of chloroacetic acid formation from I,I-DCE, leading
to the conclusion that the glycol intermediate is relatively
unimportant in the conversion of I,I-DCE to chloroacetic acid

(Leibman and Ortiz, 1977). Additionally, studies using compet-
itive epoxide substrates have shown that epoxide hydrating
pathways are of minimal significance in the metabolism of re-

active intermediates of I,I-DCE (Andersen et al., 1980). The

essential feature of the metabolic pathway for dichloro-

ethylenes is that all of these compounds appear to be metabol-

ized through epoxide intermediates which are reactive, and may
form covalent bonds with tissue macromolecules (Henschler,
1977; Henschler and Bonse, 1977).

In whole animals, it has been established that I,I-DCE meta-

bolites are conjugated with glutathione, presumably a detox-

ification process (McKenna et al., 1977, 1978a, 1978b; Jones
and Hathway, 1978a; Reichert et al., 1978, 1979).

Reichert et al. (1979) identified three metabolites in rat

urine, among these methylthioacetylaminoethanol. In addition,

three unidentified materials were present in lesser concen-
trations. The identification of methylthioacetylaminoethanol
suggests that, in addition to glutathione conjugation, a

totally different reaction mechanism must exist which leads to
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the formation of ethanolamine derivatives. The ethanolamine
is postulated to originate from membrane lipias which react

with I,I-DCE epoxide and/or its metabolites.

Data show that the metabolism oi I,I-DCE is readily saturable
(Reichert et al., 1979; Jones and Hathwav, i978a; Jaeger et al.,
1977; McKenna et al., 1977, 1978a, 1978b). Thus, as the dosage
is increased a larger absolute aount of metabolite is formed,
but a lesser percentage of the administered dose is metabolized.
This has been observed after various routes of administration.
As the dose is increased and metabolism reaches saturation,
more parent compound is excreted into the air.

Studies comparing the relative ability of mice and rats to meta-
bolize I,I-DCE have been conducted. Data on disposition of 14C
from inahled [14C] I,I-DCE in mice and rats (McKenna et al,
1977) show that the mouse develops a higher body burden of
I,i-DCE than the rat at i0 ppm (5.3 meq I,!-DCE/kg vs. 2.89
meq/kg). The disposition of I,I-DCE appears quite similar in
the two species. However, as a result of the overall greater
rate of metabolism, covalently bound I,I-DCE metabolites are
more than four times higher in the mouse liver than in the rat

liver, and more than 6 times higher in mouse kidney than in the
rat. The substantial difference in distribution may be respon-
sible for the different sensitivity of the two species to the
carcinogenic effects of I,I-DCE (Hathway, 1977).

Considerable work on the excretion of I,I-DCE and its meta-

bolites has been done using [14C] I,I-DCE (Jaeger et al., 1977;
McKenna et al., 1977, 1978a, 1978b; Jones ahd Hathway, 1978a;
Reichert and Werner, 1978; Reichert et al, 1979). The data
show that both unmetabolized I,I-DCE and CO2 formed by meta-

bolism of I,I-DCE are excreted via the lung, whereas the other
metabolites are eliminated via renal and biliary excretion.

However, the pattern of excretion depends upon the concentra-

tion of I,I-DCE in the blood, which is affected by the amount

of chemical administered and to a certain extent, by the route

of administration. At low dose levels, where metabolism is

effective and the concentration of I,I-DCE in the blood is low,
most of the 14C is eliminated as metabolites via renal and
biliary excretion. It has been shown that a portion of the
material excreted in the urine was actually of biliary origin
and enfered the urine by means of enterohepatic circulation

(Jones and Hathway, 1978a). At higher dose levels ( 200 ppm)
where the concentration of I,I-DCE in blood is much higher,
metabolis approaches saturation and becomes less effective in

removing the xenobiotic from the blood as it passes through the

liver (Andersen et al., 1979). As a result, increasing amounts

of unmetabolized I,I-DCE are eliminated through the lung.

For I,I-DCE the rate of elimination is relatively rapid, since

most of the total absorbed dose is eliminated in the first

24-72 hours after administration. Disappearance of covalently
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bound metabolites of I,I-DCE, measured as TCA-insoluble
fractions,also appears to be fairly rapid with a reported
half-life of 2-3 hours (Jaeger et al., 1977).

It is interesting to mete that, based on the ana!vsis of

pharracolinetic data from gas uptake studies, it as been

suggeste that the rate limiting step in metabolism of DCEs
a" low concentration is blood flow to the liver (Andersen
et al., 1980). The rate at which an inhaled chemical is pre-
sented to the liver is related to pulmonary absorption. Since

the weight-adjusted breathing volume decreases as body weight
increases, the concentration of DCEs in the blood and pre-
sented to the liver would be expected to be reduced to a

similar degree. For a rat, the resting breathing volume is

estimated to be 32 liters/kg hr. For a moderately active 70

kg man, the 8-hr. work shift breathing volume is usually
taken to be 10m3, i.e., 18 liters/kg hr. Therefore, it is

expected that at lower exposure concentrations, a lesser

amount of DCEs would be presented to the liver in man relative

to the rat. It has therefore been suggested that at low

atmospheric concentrations, DCE metabolism would be slower in

man than rats. This would shift the Km (ppm in atmosphere)
to even higher concentrations for man (Andersen et al;, 1980).

Health Effects

l,l-Dichloroethylene, like other chlorinated hydrocarbons,
causes depression of the central nervous system after acute

exposures to high levels of the substance. Exposure to high
concentrations can cause narcosis and presumably could lead to

death due to depression of the respiratory system. In addition,

l,l-dichloroethylene causes liver and kidney damage in animals;

similar damage could be expected to occur in humans following
prolonged exposures to high concentrations. Inhalation ex-

posure to this compound also has been shown to sensitize the

myocardi of rats to catecholamines (Siletchnik and Carlson,
1974).

Jenkins, et al. (1972) tested the effects of single I00, 300
or 500 mg/kg oral doses of l,l-dichloroethylene in corn oil

administered to adult male Holtzman rats, Activities of five

liver or plasma enzymes were determined. Twenty-two to 46
hours after dosing with i00 mg/kg, liver glucose-6-phosphatase
(G-6-P) was reduced to 80% of control and liver alkaline phos-

phatase (AP) was doubled (P < 0.05). At 300 mg/kg, after 22-46

hours, liver G-6-P was further reduced to 53% of control, liver

AP nearly quintupled, liver tyrosine transaminase quadrupled,
and plasma alkaline transaminase was elevated 150% (P < 0.05).
At 500 mg/kg, all four enzymes were further affected; in

addition, plasma alkaline phosphatase was elevated over 400%

above control (P < 0.05).





A single long-term study has been conducted with I,I-DCE
aministered in the drinking water of rats (Humiston et al.,
1978). Groups of 96 Sprague-Dawley rats (48 males and 48
females) were exposed for 2 years at nominal concentrations
of 60 ppm, I00 ppm, and 200 ppm. These dose levels corres-
ponded to approximate daily intakes in the range of 7 mg/kg,
ii mg/kg, an8 22 mg/kg at the 60, I00 and 200 ppm concentra-
tions, respectively. In comparison to control animals,
treated rats displayed no significant or consistent differ-
ences in general appearance, body weight, food consumption,
water consumption, hematologic values, urinalysis, clinical
chemistry values, or organ weights. Gross and histopatho-
logic examination of tissues from treated rats, however,
revealed a number of statistically significant lesions. The
authors considered the most important lesions to be the
hepatocellular fatty change and periportal hepatocellular
hypertrophy which occurred in male rats at the 200 ppm dose
level and in females at all dose levels. The authors did
not observe any hepatocellular necrosis that was considered
treatment- related.

Teratogenicity.

The teratogenic potential of inhaled or ingested I,I-DCE has
been evaluated in rats and rabbits (Murray et al., 1979).
Inhalation exposure for both species was 7 hours/day at 20
(rats only), 80 and 160 ppm. In the ingestion study, rats
were given drinking water with 200 ppm I,I-DCE or approximately
40 mg/kg/day. Administration to rats was on days 6 to 15 of
gestation and on days 6 to 18 for rabbits. In rats, inhalation
of 80 to 160 ppm of DCE produced significant maternal effects
including decreased weight gain, decreased food consumption,
increased water consumption and increased liver weight (160
ppm only). In the offspring, there was a significantly
creased incidence of skeletal alterations at 80 and 160 ppm;
these alterations included delayed ossification of various
bones and wavy ribs. In rabbits, 160 ppm caused a significant
increase in resorptions in the dams and a significant change
in several minor skeletal variations in the offspring. In
both rats and rabbits exposed to I,I-DCE by inhalation, the
authoPs noted that concentrations which caused little evidence
of maternal toxicity (20 ppm in rats and 80 ppm in rabbits)
caused no adverse effect on embryonal or fetal development.
In rats receiving I,I-DCE by ingestion, the only significant
effect noted was an increase in mean fetal crown rump length.
The authors concluded that I,I-DCE was not teratogenic at this
exposure level.





Mutagenicity

I,I-DCE was .utagenic in Salmonella typhimurium strains TA 1530,
TA i00 (Bartsch et al., 1975; Simmon et al., 1977; Simmon and
TardilY, 1978) and TA 1535 (Jones and Hathwav, 1978b) and in
E. coli KI2 (Greim et al., 1975). In both bacterial systems,
mutagenic activity required microsomal activation. It also
was mutagenic in the host-mediated assay using Salmonella
tester strains in mice (Cerna and Kypenova, 1977). l,l-
Dichloroethylene did not produce any chromosomal aberrations
in bone marrow cells following repeated intraperitoneal injec-
tions (Cerna and Kypenova, 1977).

The finding of increased mutation rates in bacterial systems
has not been confirmed in mammalian systems. I,I-DCE was non-
mutagenic in V79 Chinese hamster cells in the presence of
15,000 g liver supernatant from phenobarbital-pretreated rats
and mice (Drevon and Kuroki, 1979). CD-I male mice exposed
to 10,30, or 50 ppm of I,I-DCE for 6 hours/day for 5 days
failed to produce dominant lethal mutations (Andersen and
Jenkins, 1977). Similarly, adult CD male rats exposed to 55
ppm I,I-DCE for 6 hours/day, 5 days/week for II weeks failed
to produce dominant lethal mutations (Short et al., 1977c).

Carcinogencity

The carcinogenicity of I,I-DCE is currently being evaluated
in studies with mice and rats sponsored by the National
Toxicology Program. These studies have been completed but the

reports were not yet available at the time this SNARL package
was drafted.

Studies of the potential carcinogenicity of I,I-DCE have been
conducted with mice, rats and hamsters using either oral admin-

istration or inhalation exposure. Preliminary results, after a

total of 98 weeks observation in the inhalation study and 93
weeks in the gavage study have been reported (Maltoni. 1977,
Maltoni et al., 1977). In the inhalation study, Swiss mice

were exposed to i0 or 25 ppm of I,I-DCE for 4 hours/day, 4 to

5 days/week for 52 weeks and then observed for the remainder
of the study. Exposure to i0 ppm of I,I-DCE caused no statis-

tically significant increase in incidence of any tumor in Swiss

mice. At 25 ppm, 17% of the mice (25/300) exposed to I,I-DCE
had developed kidney adenocarcinomas compared to none in the

control group (190 males, 190 females). The majority of tumors

were observed in male mice (24 males., 1 female). In contrast,
no kidney adenocarcinomas were observed in Sprague-Dawley rats

under the same exposure regimen at exposures up to 200 ppm.
Data from this study also showed a significant increase in

mammary adenocarcinomas in female Swiss mice inhaling 25 ppm
and in female Sprague-Dawley rats inhaling i00 and 150 ppm of





I.I-DCE. At I0, 25 or 50 ppm of I,I-DCE there was no increase

in tumor incidence in Sprague-Dawley rats of either sex. Oral
administration of 20 mg/kg of I,I-DCE 4 to 5 days/week for 52
weeks to female Sprague-Dawley rats resulted in a 42% incidence
of mammary tumors in 21 of 30 animals, whereas control animals

had a 34% incidence (34/100). Hamsters exposed for 52 weeks

by inhalation to 25 ppm of I,I-DCE did not exhibit an increased

tumor incidence after 74 weeks.

In another inhalation study, (Lee et al., 1978) CD-I mice and
CD rats were exposed to 55 ppm of I,I-DCE for 6 hours/day, 5
days/week for 7 to 12 months. Hepatic hemangiosarcomas were

observed in the mice exposed to I,I-DCE: 2/35 for males and

1/35 for females in the treated group compared to 0/26 for

males and 0/36 for females in the control group. The signifi-
cance.of these hepatomas was judged to be questionable because
such tumors have been reported to occur spontaneously in small
numbers at this age (Percy and Jonas, 1971; Shen, 1974). How-

ever, two rats developed hemangiosarcomas in the mesenteric

lymph node or subcutaneous tissue which were judged probably
to be caused by I,I-DCE. Although kidney pathology was ob-
served, there was no report of adenocarcinoma.

.An inhalation study using both Wistar rats and Sprague-Dawley
rats has been reported (Viola and Caputo, 1977). Exposures
were to I,I-DCE concentrations from 75 to 200 ppm for 4 hours/
day, 5 days/week for 12 months. Data from this study were

interpreted as showing no grossly observable interrelation
between tumor production and I,I-DCE inhalation.

Additionally, male and female Sprague-Dawley rats were exposed
to I,I-DCE either by inhalation (25 or 75 ppm for 6 hours/day,
5 days/week for 18 months) or by ingestion in drinking water

(60, I00 or 200 ppm for two years). In the interim report of

this study (Rampy et al., 1977), there was no evidence of

increased tumor incidence in animals treated with I,I-DCE.

The effect of weekly oral administration of 50 mg/kg of I,I-DCE
following n utero exposure (150 mg/kg on day 17 of gestation)
was studied in BDIV rats (Ponomarkov and Tomatis, 1980). The

oral administration was continued throughout the lifetime of

the animals until the study was terminated after 120 weeks.

There Was no statistically significant increase in the total

number of tumor bearing animals. However, an increased inci-

dence of tumors at certain sites was observed; liver tumors in

females and menangiomas in males. Additionally, hyperplastic
nodules of the liver were observed in both male and female

rats; these were not seen in control animals. The authors con-

cluded that the results provided limited evidence of carcino-

genicity of I,I-DCE.

The carcinogenic effects of I,I-DCE were also investigated in

Ha:ICR Swiss mice by several routes of administration
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(Van Duuren et al., 1979). I,I-DCE was inactive as a whole
mouse skinocarcinogen and inactive by a subcutaneous injec-
tion. In the two stage carcinogenesis assay using phorbal
myristate acetate as a promoter, I,I-DCE was shown to be
active as a skin tumor initiator.

There are no published studies with adequately good data to
permit an evaluation of the carcinogenic risk ol vinylidene
chloride to hans (Bahlman etal., 1979). One study repor-
ted no excessive cancer risk among 138 workers occupational-
ly exposed to I,I-DCE, but methodological limitations of this
study (Ottet al., 1976) do not permit an adequate evaluation
of the carcinogenic risk, since the number of individuals lost
to follow-up in this study was high and the period of observa-
tion was relatively short. In a second study, mortality was
examined among 629 workers occupationally exposed in a vinyl-
idene chloride (I,I-DCE) production and polymerization plant
where there was also exposure to vinyl chloride and acryloni-
trile. It was reported that 7 of the 35 deaths that occurred
were from malignant tumors. This was not greater than the
expected number. Two bronchial carcinomas occurred in persons
aged 35-39, whereas 0.8 were expected. However, no informa-
tion was given on smoking habits (Theiss etal., 1977).

The Office of Wter Regulations and Standards (U.S. EPA, 1980a)
in setting ambient water quality criteria for I,I-DCE, based
its development of these criteria upon the finding of Maltoni
(1977) that this chemical caused a significant increase in the
number of renal adenocarcinomas observed in Swiss mice exposed
to25 ppm, 4 hours/day, 4-5 days/week for 52 weeks. The Office
established a range of criteria based upon levels estimated to
increase the lifetime risk of cancer i in i00,000, i in
1,000,000, or I in I0,000,000. The criteria ranged from 0.33-
0.0033 ug/l, respectively, for an adult consuming 2 liters of
that contaminated ambient water per day and ingesting 6.5 g/day
of contaminated aquatic organisms. If total exposure were
solely from drinking the water, the resulting criteria would
range from 0.34-0.0034 ug/l, representing a 10-5-10 -7 risk,
respectively.

SNARL Development

One-day SNARL

There are very limited ingestion data upon which to base a

one-day SNARL. The results of the Jenkins etal. (1972) study
in which the authors measured the level of activity of five
liver or plasma enzymes after single oral doses of i00, 300 or
500 mg/kg l,l-dichloroethylene in corn oil may be used. The
SNARL would be derived thusly:
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i00 mIk x I0 kS x 100% 1.0 mg/l
i000 x 1 liter

where I00 mg/kg minimal effect dose
I0 kg weight of protected individual (child)
100% percentage of dose absorbed
I000 safety factor
1 liter volume in liters of drinking water

imbibed per day by i0 kg child

Longer-term SNARL

A longer-term SNARL can be calculated from a two-year study in
which l,l-dichloroethylene was administered to rats at 60, I00
or 200 ppm in drinking water for 18 months (Rampy et al., 1977;
Humiston et al., 1978). Interim results indicated that no
adverse elfects occurred as determined by clinical chemistry,
hematology, mortality or histology (Rampy et al., 1977). How-
ever, when the study was completed, it was shown that minimal
liver changes had occurred in females at all dose levels
(Humiston et al., 1978). The 60 ppm dose level could be con-
sidered a minimal effect level. A longer-term SNARL could be
calculated thusly:

7 mg/kg/day x I0 kg x 1.0 0.07 mg/l
-i000 x i liter

where: 7 mg/kg daily consumption by rat at 60 ppm
dose level

i0 kg weight of child
1.0 measure of absorption from GI tract
i000 safety factor employed with minimal

effect dose
i liter volume of drinking water consumed daily

by i0 kg child

Analysis

I,I-DCE can be analyzed .by a purge-and-trap gas chromatographic
procedure used for the determination of volatile organohalides
in drinking water (U.S. EPA, 1980b). Volatile chemicals are
extracted by an inert gas which is bubbled through the aqueous
sample. The compounds, now in the gaseous phase, are swept
from the purging device and are trapped in a short column con-

taining an adsorbent material. After a predetermined period
of time, the trapped components are thermally desorbed and

backflushed onto the head of a gas chromatographic column where

separation takes place.

The suggested chromatographic parameters are given below:
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Primary colunn: eight feet long x 0.i inch iD stainless steel

or glass tObing, packed with i%-SP-1000 on Carbopack-B (60-80)
mesh.

Carrier gas:

TezDerature:
to 220 C.

helium at 40 ml/min.

45C for 3 minutes, then progra at 8C/minute

Detector: Hall model electrolytic conductivity or other

halogen specific detector.

Sample size: 5 ml.

This procedure is applicable to the measurement of I,I-DCE over

a concentration range of 0.4 to 1500 ug/liter. The retention

time for this compound in the recommended primary column is

476 seconds. Allyl chloride may interlere with the analysis
of I,I-DCE under the chromatographic conditions specified above.

However, this chemical does not appear to occur at detectable
levels in most drinking waters. Nevertheless, confirmatory
analysis by a GC-MS or by a secondary analytical column is

highly recommended.

Treatment

(Forthcoming from STB)

Conclusions and Recommendations

EPA-SNARLs for I,I-DCE have been developed for durations of

exposures of one-day and longer-term. The potential for

carcinogenicity of this substance has not- been considered in

the development of these SNARLs, although evidence does exist

to suggest that the chemical does interact with tissue macro-

molecules and appears to be a carcinogen in Swiss mice and

perhaps in CD rats.

To summarize, the one-day SNARL is 1.0 rag/l;, the longer-term
SNARL is 0.07 mg/l.

In order to be able to develop a ten-day SNARL based upon

ingestion data, it can be recommended that subchronic studies

in animals receiving I,I-DCE in their drinking water be con-

ducted to better define the toxicity of this compound in water.

In fact, funding Under the EPA Competitive Grants program has
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been made to an investigator to carry out these experiments
in rats exposed to this substance by ingestion and inhalation.

No-effect levels will be identified. When these data become
available, they will be reviewed for acceptability in their

application in the development of SNARLs. If they can be
used, this presently proposed series of SIIARLs will be eval-

uated and perhaps changed on the basis of the new information.
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Advisory Opinion for Trans-l,2-Dichloroethylene
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

September 21, 1982

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides-advice on health effects

upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health

effects would not be anticipated. A margin of safety is fac-

tored in so as to protect the most sensitive members of the

general population. The advisories are called Suggested No

Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for

selected contaminants in.drinking water. An EPA-SNARL and a

NAS-SNARL may well differ due to the possible selection of

different experimental studies for use as the basis for the

calculations. Furthermore, NAS-SNARLs are calculated for

adults while the EPA-SNARLs are established for a i0 kg body
Weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data

exist. A SNARL does not condone the presence of a contaminant

in drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where

contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking

Water develops EPA-SNARLs following the state-of-the-art con-

cepts in toxicology for non-carcinogenic risk for short and

longer term exposures. In cases where a substance has been

identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA’s Carcinogen

Assessment Group (EPA, 1980a) is presented. However, the

EPA-SNARLcalculation for all exposures ignore the possible
carcinogenic risk that may result from these exposures. In

addition, EPA-SNARLs usually do not consider the health risk

resulting from possible synergistic effects of other chemicals

in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead

ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration





set for EPA-SNARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as additional information

becomes available. In short, EPA-SNARLs are offered as advice

to assist those such as Regional and State environmental and

health officials, local public officials, and water treatment

facility personnel who are responsible for the protection of

public health when dealing with specific contamination situa-

tions.

General Information and Properties

Trans-l,2-dichloroethylene is one of three isomers of dichloro-

ethylene, all clear, colorless liquids with the molecular for-

mula of C2H2CI2 and a molecular weight of 96.95 (Irish, 1963).
It is moderately soluble in water (6300 rag/l), but soluble in

most organic solvents (Irish, 1963). Trans-l,2-dichloroethyl-
ene is volatile, but less so than l,l-dichloroethylene. The
trans-isomer has a vapor pressure of 265 Torr (ram Hg) at 20 C
and a boiling point of 47 C. Its vapor density is 3,34, over
three times that of air, so that it will settle in low places
in a still atmosphere. Its specific gravity is 1.27 at

Thus, it also would tend to sink in a still body of water,

Horsely (1947) lists a binary azeotrope with water (1.9% water

by weight, boiling at 45.3 C) and a ternary azeotrope with

water and ethanol (1.1% water, 94.5% trans-l,2-dichloroethylene
and 4.4% ethanol by weight. This isomer also forms an

trope with ethanol alone.

In air, one (I) ppm is equivalent to 3.97 rag/m3 and one

mg/l is equivalent to 252 ppm (Irish, 1963).

The present threshold limit value (TLV) for the dichloroethyl-
enes in the United States is 200 ppm (794 rag/m3) (ACGIH, 1977).

1,2-Dichloroethylene, as a mixture of the cis- and trans-

isomers, is used as a solvent for such substances as fats,
rubber, phenol and camphor and for retarding fermentation

(Windholz et al. 1976). It is also used as a low temperature
extraction solvent for heat sensitive substances and has been

exployed as a coolant in refrigeration plants (Hardie, 1964).

Sources of Exposure

Trans-1,2-dichloroethylene has been detected in a number of raw

and finished drinking waters, principally from ground water

sources. During the National Organics Reconnaissance Survey
(NORS), this isomer was detected in Miami drinking water at

1.0 ug/l (U.S. EPA, 1975).
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Trans-1,2-dichloroethylene was detected at 0.i ug/l in one of
105 raw surface waters examined (Coniglio et al. 1980). None
was detected in 103 samples of finished water from these sur-

face water supplies. Of ground water samples collected in 13
cities during one or more of several surveys (NORS, NOMS, or

the recent SRI survey conducted for EPA), 15.4% of both raw

and finished samples were positive for trans-l,2-dichloro-
ethylene. Mean concentrations were 1.75 and 1.05 ug/l for raw
and finished water, respectively (ranges 0.2-3.3 and 0.2-1.9
ug/l, respectively).

Pellizzari (1978) found slightly higher levels of 1,2-dichloro-
ethylene (cis- and trans- isomers not distinguished) than l,l-
dichloroethylene during his air sampling survey. The_greatest
amount of l,l-dichloroethylene measured was 2500 ng/m at Front
Royal, Virginia. Maximum concentrations of 1,2-dichloroethyl-
ene detected in various areas of the United States varied from
a trace (detection limit 260 ng/m3) near Magna, Utah, South
Charleston, West Virginia and Grand Canyon, Arizona, to 5263
ng/-3 at the Kin-Buc Disposal Site in Edison, New Jersey.

No data are available on the presence of either isomer of 1,2-
dichloroethylene in foodstuffs.

Pharmacokinetics

Trans-1,2-dichloroethylene, as a neutral, low molecular weight,
lipid soluble material, should be systemically absorbed follow-

ing any route of administration.

No pharmacokinetic data appear to exist which define the absorp-
tion rate of trans-] ,2-dichloroethylene after oral exposure.
However, pharmacokinetic studies based on urinary and biliary
excretion data show that administration of a single oral dose

of l,l-dichloroethylene (i.0 or 50 mg/kg) results in rapid and

complete absorption in rats and mice (McKenna et al. 1978b).
Rapid absorption and distribution of l,l-dichloroethylene after

intraperitoneal administration to rats also occurs (Jones and

Hathway, 1978). For purposes of SNARL development, then, we

will assume that trans-l,2-dichloroethylene is absorbed rapidly
and completely after oral exposure.

The absorption of gases from the lung is highly dependent upon
the blood:gas partition coefficient. Sato and Nakajima (1979)
showed that trans- ,2-dichloroethylene has a blood:gas parti-
tion coefficient of 5.8 in the rat. While it has a high blood

solubility, this chemical in air reaches a steady-state within

the whole rat in about 1.5 hours (Filser and Bolt, 1979).

Using relatively new pharmacokinetic procedures, a mixed parti-
tion coefficient (S) of 10.9 was determined for the-trans-
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isomer (Andersen et al. 1980). A mixed partition coefficient

is defined as the concentration of a chemical in the richly

perfused tissues divided by its concentration in the gas phase.

This was over 2.5 times higher than that determined for l,l-
dichloroethylene. Thus, a rat exposed to trans-1 ,2-dichloro-
ethylene would contain more chemical at equilibrium than would

a rat exposed to the same concentration of l,l-dichloroethylene.

Distribution data on trans-1 ,2-dichloroethylene are not avail-

able. However, if this isomer follows the same distribution

pattern as that observed for l,l-dichloroethylene, the highest

concentration would be found in the liver and kidney (McKenna

et al. 1978a). These studies were performed in rats, exposed

by inhalation to concentrations varying from 10-2000 ppm (40-

8000 rag/m3) for 2 or 6 hours.

Bonse et al. (1975) observed that metabolism of trans-1 ,2-

dichloroethylene in perfused rat liver produced detectable

amounts of dichloroethanol and dichloroacetic acid, possibly
indicating the initial formation of dichloroacetaldehyde.

Liebman and 0rtiz (1977) have postulated the metabolic path-

ways for trans-1 ,2-dichloroethylene. One proposed pathway

would be conversion to a reactive epoxide intermediate, then

to monochloroacetyl chloride and monochloroacetic acid. The

authors also suggested that the production of dichloroacetal-

dehyde may occur by rearrangement of the glycol or the epoxide

with migration of a chloride ion. Their attempts to identify

a chromatographic peak as dichloroacetaldehyde were inconclu-

s ire.

An essential feature of the metabolic pathway is that the com-

pound appears to be metabolized to an epoxide intermediate

which is reactive and which may form covalent bonds with tissue

macromolecules (Henschler, 1977; Henschler and Bonse, 1977).

These authors have synthesized the epoxides for both isomers

of 1,2-dichloroethylene; they believe that these epoxides are

formed in vivo during the metabolic process. Each was inactive

when te-fe][6r mutagenic potential in a modified Ames system

(Greim et al. 1975). However, these results only added support

to the hypothesis of Henschler and co-workers that the epoxides

with symmetrical chlorines are more stable and less likely to

be mutagenic. This does not exclude the possibility that these

symmetrical epoxides may still interact with other tissue macro-

molecules, a process which may result in some form of damage

other than mutagenic or carcinogenic.

There are apparently no published studies which test the inter-

action of the isomers of 1,2-dichloroethylene with DNA; nor are

there any which evaluate the interaction of these two isomers

with other tissue macromolecules.

No data concerning the excretion of trans-1 ,2-dichloroethylene

are available. The rate of elimination of l,l-dichloroethylene
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is relatively rapid, with most of a dose being eliminated in

the first 24-72 hours after cessation of exposure. One might
assume that trans-1,2-dichloroethylene would be eliminated at

a similar rate.

Health Effects

There are no published reports available to us at this time
which describe non-fatal accidental, occupational or controlled
exposures to trans-1,2-dichloroethylene in humans by any route

or for any duration of exposure. Only through secondary re-

ferences do we know that at high concentrations (> 9500 ppm or

38,000 mg/m3) central nervous system effects have been observed
in humans as reported in the German scientific literature (Vii-
linger, 1907; Albrecht, 1927; Lehmann and Flury, 1938). It
would appear that the trans-isomer was about twice as potent as
the cis-isomer in depressing the central nervous system.

Data on the acute toxicity of trans-1,2-dichloroethylene in

animals are limited. Freundt et al. (1977) determined the oral

LDs0 in the 200 g rat to be 1300 mg/kg. When given intraperito-
neally, the LD50-increased six-fold to 7800 mg/kg. The LD50
after intraperitoneal administration to the mouse was 4160
mg/kg.

Jenkins et al. (1972) tested the effects of single 400 or 1500
mg/kg oral doses of each isomer of 1,2-dichloroethylene in corn

oil given to adult female Holtzman rats weighing 200-470 g.
Liver and plasma enzyme activities were determined. The trans-

isomer appeared to exert a less potent effect at the higher
dose than did the cis- isomer. The trans- isomer caused

changes in the level of only one enzyme, whereas the cis-

isomer caused significant changes in the levels of three

enzymes. No difference was observed at the lower dose. Each

was less potent than l,l-dichloroethylene at any dose level.

At 400 mg/kg, trans-1,2-dichloroethylene significantly in-

creased glucose-6-phosphate to a level 11% above control
(P < 0.05). At 1500 mg/kg, this isomer significantly decreased

the level of liver tyrosine transaminase to about 80% of con-
trol (Jenkins et al. 1972) (P < 0.05). Liver alkaline phos-
phatase, plasma alkaline phosphatase and alanine transaminase

were not significantly affected at either dose.

Freundt et al. (1977) reported on the effects of trans-1 ,2-
dichloroethylene after inhalation in.mature female Wistar rats

(180-200 g) at 200 ppm ( 800 rag/m3) (the currently-established
TLV/MAC in a number of countries) and at i000 and 3000 ppm
( 4,000 and 12,000 mg/m3, respectively). A brief (8-hour) or

prolonged exposure (8 hours/day, 5 days/week for i, 2, 8 or 16

weeks) at 200 ppm ( 800 rag/m3) yielded an increased incidence
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of slight to severe fatty degeneration of the hepatic lobule

and lipid accumulation by the Kupffer cells. Changes were

observed in one of six rats exposed once. Two of six rats

showed slight changes after one week of exposure; three of

six rats exhibited slight changes during the two week exposure.
Damage became more noticeable in a higher percentage of the

animals as the length of exposure increased to 8 or 16 weeks.

At all exposure levels, the appearance of pulmonary capillary

hyperemia and distention of the alveolar septum was increased

over that observed in controls. At 8 .and 16 weeks of expo-
sure, severe pneumonic infiltration was observed in three of

the six treated rats; none occurred in the controls.

At higher levels of exposure (i000 [4000 rag/m3] or 3000 [12,000
mg/m3] ppm for 8 hours), liver and pulmonary effects similar to

those observed at 200 ppm were seen in two of six treated rats.

At these higher levels, fibrous swelling and hyperemia of car-

diac muscle also occurred in our of six rats treated at each

exposure level. This effect persisted until at least 14 hours

post-exposure, although the liver effects appeared to be revers-

ing somewhat at that time.

At all doses and durations of exposure, there was no evidence

of histopathology .involving the kidneys, spleen, brain,

striated muscle (quadriceps) or peripheral nerve (sciatic).
In addition, there were no signs of central nervous system

depression (pre-narcotic signs or narcosis).

A number of biochemical and hematological parameters in rat

blood were also tested in the Freundt et al. (1977) study. No

changes in serum cholesterol, albumin, uric acid, urea nitrogen,

glucose, alkaline phosphatase, SGOT or SGPT were observed after

8 hours’ exposure at 200 ppm (800 mg/m3). Exposure at I000 ppm

(4000 mg/m3) for 8 hours resulted in significant reductions in

serum albumin, urea nitrogen and alkaline phosphatase (0.01 < P

< 0.05). Eight hour exposures to both 200 and i000 ppm concen-

trations caused a significant decrease in the number of leuko-

cytes; i000 ppm also significantly decreased the number of

erythrocytes (0.01 < P < 0.05). Clinico-chemical parameters
were not studied at the 3000 ppm exposure level.

A later study by Freundt and Macholz (1978) showed that a

single 8-hour inhalation exposure to trans-1,2-dichloroethylene
at 200 ppm (800 rag/m3) resulted in significant increases in

hexobarbital sleeping time, the zoxazolamine paralysis time

and the metabolic formation of 4-aminoantipyrine from amino-

pyrine in adult female Wistar rats. The effects were less

severe after trans-1 ,2-dichloroethylene than after cis- isomer.

In addition, trans- ,2-dichloroethylene competitively inhibited

the oxidative N-demethylation of aminopyrine, and the O-methyla-

tion of p-nitroanisole in rat.liver microsomes. The investiga-

tors concluded that the inhibition of hepatic drug metabolism

was caused by a competitive, reversible interaction of the
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chemical-with the mixed function oxidase system.

Teratogenicity

No reports on the teratogenic potential of trans-l,2-dichloro-
ethylene are available at the present time.

Mutagenicity

Both cis- and trans-1,2-dichloroethylene were non-mutagenic
when assayed with E. coli KI2 at similar concentrations used

for l,l-dichloroetylene at which the latter was found to be

mutagenic (Greim et al. 1975). The median concentration of

the trans-isomer was 2.3 mM, that of cis-l,2-dichloroethylene
2.9 mM0 and that of l,l-dichloroethylene 2.5mM.

Trans-l,2-dichloroethylene was found to be non-mutagenic in

the host-mediated assay using Salmonella.tester strains in

mice (Cerna and Kypenova, 1977). In contrast, both cis-1,2-

and l,l-dichloroethylene were mutagenic in this system. In
addition, trans-l,2-dichloroethylene did not produce chromo-

somal aberrations in bone marrow cells following repeated
intraperitoneal injections in mice.

Carcinogenicity

No studies have been completed which test the carcinogenic
potential of trans-1,2-dichloroethylene- It is currently under

consideration for testing by the National Toxicology Program.

SNARL Development

One-day SNARL

Although there are no published animal studies on trans-,2-
dichloroethylene which define a no-effect level, there are two

studies which describe a minimal effect level as well as a dose

response (Jenkins et al. 1972; Freundt et al. 1977). The

results of the Freundt et al. study appear to be the best to

use since more parameters were measured, a significant number

of which showed no change from control after a single 8-hour

exposure to 200 ppm. Also, this study better describes the

dose-response relationship over several durations and concen-

trations.





The study by Freundt et al. (1977) identified a minimal effect

level of 200 ppm inhaled over a single 8-hour exposure period.
This exposure resulted in slight liver effects in one of six

animals, as observed histologically. In addition, no changes
were observed in any of several serum biochemical parameters.

A one-day SNARL developed from the Freundt et al. study would
be derived thusly:

Step I:

where:

(200 x 3.97) mg/m3 x 8 x I x 0.3 27.2 mg/kg
70 (total dose)

(200 x 3.97) mg/m3 dose converted from ppm to
rag/m3

8 duration of exposure in hours
i ratio of lung/body weight ratios between adult

man an rat, as per Olsen and Gehring (1976)
0.3 assumed ratio of dose taken up/dose exposed to

70 weight in kg of adult exposed to 200 ppm dose

Step II:

27.2 mg/kg x.10 kg 2.72 mg/l
i00 x I 1

where: 27.4 total dose in mg/kg
i0 kg weight of child
I00 safety factor
I i volume of drinking water imbibed/day by

i0 kg child

Ten-day SNARL

A ten-day SNARL can be derived from the one-day SNARL which

should adequately protect the sensitive individual from adverse

health effects over that duration of exposure.

A ten-dhy SNARL would be derived simply by dividing the one-day

SNARL by i0 to get 0.27 mg/l.

Analysis

Cis-1,2-dichloroethylene and trans-l,2-dichloroethylene can be

analyzed by the purge-and-trap gas chromatographic procedure
used for the determination of volatile organohalides in drink-

ing waters (U.S. EPA, 1980b; Bellar and Lichtenberg, 1979). In





9

this procedure, volatile components are extracted by an inert

gas which is bubbled through the aqueous sample. The compounds
are swept from the purging device into a short sorbent trap.
After a predeternmined period of time, the trapped components
are thermally desorbed and backflushed onto the head of a gas
chromatographic column where separation takes place.

The recommended primary columns for organohalide analysis do

not adequately resolve the cis- and trans-l,2-dichloroethylene
isomers. Therefore, it is suggested that the column recom-

mended for confirmatory analysis be used when these two chem-

icals are being determined. The recommended chromatographic
conditions for the analysis are given below:

Column: Six feet long x 0.i inch ID stainless steel or glass.

packing: n- octane on Porisil C (100/120 mesh).

Temperature: 50 C isothermal for 3 minutes, then program at

6/minute to 170 C.

Carrier gas: Helium at 40 ml/minute.

Detection: Hall-model electrolytic conductivity or other
halogen specific detector.

Sample volume: 5 ml.

The retention time for the cis- isomer is 726 seconds and for

the trans- isomer is 563 seconds under the conditions specified
above. Confirmatory analysis of each isomer by a second column

or by GC-MS techniques is recommended. Although the MS itself

will not distinguish between cis- and trans- dichloroethylene,
the difference in GC retention times will allow for proper
identification.

The purge-and-trap procedure is applicable to the measurement

of most organohalides over a concentration range of 0.i to 1500
ug/l when the Hall model electrolytic conductivity detector is

used. Other halogen specific detectors are generally limited

to measurements of 1.0 ug/l or above.

Treatment

Very few data are available concerning the removal of trans-

1,2-dichloroethylene from drinking water. Available data sug-

gest that both aeration and adsorption by granular activated

carbon will be somewhat effective in reducing the levels of

this chemical.

Dobbs and Cohen (1980) developed adsorption isotherms for a
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number of organic chemicals, including trans-1 ,2-dichloroethyl-

ene. Their data show that, at an equilibrium concentration of

i00 ug/l, the activated carbon had an adsorptive capacity of

0.9 mg of trans-l,2-dichloroethylene per gram of carbon. Their

data further show that this chemical should be adsorbed with

greater efficiency than methylene chloride, but with far less

efficiency than either tetrachloroethylene or chlorobenzene.

Theoretical considerations indicate that aeration may have

some effectiveness in reducing the levels of trans-l,2-
dichloroethylene. Love and Eilers (1981) found that the

Henry’s Law constant for a substance is a good predictive tool

for forecasting the relative amenability of that substance to

aeration. Love (1981) further reported the Henry’s Law con-

stant for trans-1 ,2-dichloroethylene as 0.27. This suggests

that this chemical will be somewhat amenable to air stripping,

being somewhat more easily removed than chlorobenzene (a chem-

ical known to be relatively poorly removed ay aeration with

Henry’s Law constant of 0.19), but much less easily removed

than tetrachloroethylene (a chemical known to be amenable to

aeration with a Henry’s Law constant of 1.2).

In summary, the levels of trans-1 ,2-dichloroethylene in drink-

ing water can be reduced by either aeration or adsorption onto

activated carbon. However, no full-scale field data are cur-

rently available to support this conclusion. All approaches
should be considered since the preferred approach will un-

doubtedly be determined on a case-by-case basis. In addition,

once a possible long-term treatment technique has been iden-

tified, pilot-scale studies should be conducted, not only to

verify initial conclusions, but also to estimate technical and

economic considerations which such a system will entail.

Conclusions and Recommendations

One-day and ten-day SNARLs of 2.7 mg/l and 0.27 rag/l, respec-

tively, have been developed for trans-1 ,2-dichloroethylene.
At this time, no satisfactory dose-response no-effect level

data exist from which a longer-term SNARL can be derived. In

addition, it would be preferable to have dose-response, no-

effect data for the one-day and ten-day SNARLs as well. A

grant has been awarded under the .EPA Competitive Grants pro-

gram to study the toxicity of all three dichloroethylenes and

compare the percentage absorption via ingestion and inhalation.

Data from this study, which will include no-effect, dose-

response data, should be available in 1982. At that time, the

data will be reviewed and, if found suitable, will form the

basis for the revision of the existent SNARLs. If the data are

found lacking, further research will be requested.
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Advisory Opinion for Dichloromethane (Methylene Chloride)
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

March 14, 1981

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects

upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health

effects would not be anticipated. A margin of safety is fac-

tored in so as to protect the most sensitive members of the

general population. The advisories are called Suggested No

Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for se-

lected contaminants in drinking water. An EPA-SNARL and a

NAS-SNARL may well differ due to the possible selection of

different experimental studies for use as the basis for the

calculations. Furthermore, NAS-SNARLs are calculated for

adults while the EPA-SNARLs are established for a i0 kg body

weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-trm exposure periods where available data

exist. A SNARL does not condone the presence of a contaminant

in drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where

contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking

Water develops EPA-SNARLs following the state-of-the-art con-

cepts in toxicology for non-carcinogenic risk for short and

longer term exposures. In cases where a substance has been

identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA’s Carcinogen

Assessment Group (EPA, 1980a) is presented. However, the

EPA-SNARL calculations for all exposures ignore the possible
carcinogenic risk that may result from these exposures. In

addition, EPA-SNARLs usually do not consider the health risk

resulting from possible synergistic effects of other chemicals

in drinking water, food and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, ad they may or may not lead

ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to

health effects. It is.quite conceivable that the concentration





set for EPA-SNARLs may also change as aSditional information
becomes available. In short, EPA-SNARLs are offered as advice
to assist those such as Regional and State environmental and
health officials, local public officials, and water treatment
facility personnel who are responsible for the protection of
public health when dealing with specific contamination situa-
tions.

General Information

Dichloromethane, commonly known as methylene chloride (CH2CI2)
is a colorless, non-flammable solvent, soluble in water ( gm
in I00 ml), with a boiling point of 40.I C and specific grav-
ity of 1.325. One part per million in air is equivalent to
3.5 mg/m3

Inhalation exposure level recommendations for dichloromethane
are: 0SHA 500 ppm, ACGIE 200 ppm, NIOSH 75 ppm (to be
lowered in the presence of carbon monoxide). Dichloromethane
at concentrations of 7.5 mg/l in drinking water can be detected
by taste and odor (Tugarinova et al. 1965). Dichloromethane
has miscellaneonsuses as a solvent in certain pharmaceutical
applications, for degreasing engine parts in the motor trans-
portation, railway and aircraft industries, in the extraction
of natural products, such as edible fats, cocoa butter, decaf-
feinated coffee and the beer flavoring in hops.

Sources of Exposure:

Humans are exposed to methylene chloride from air, food and
water. Urban air in Japan has been reported to contain 0.035
32.9 ug/m3 methylene chloride (Okuno et al. 1974). Concen-
trations as high as 1.6 ug/l have been detected in U.S. drink-
ing water (U.S. EPA, 1975). Higher levels might be encoun-
tered in drinking water as a result of spills or seepage from
land fills. Since methylene chloride is being used for extrac-
tion of some food material, it has been detected in the oleo-
resins.of several spices: the highest concentrations of 83
mg/kg was detected in Cassia, followed by all-spice, nutmeg and
others (Page and Kennedy, 1975). Dichloromethane was detected
in the expired air of human subjects at levels of 0.12 340
ug/hr (Conkle et al. 1975).

Metabolism:

There is a paucity of data concerning the absorption of inges-
ted dichloromethane, however it is expected to be absorbed





completely considering the physico-chemica! properties of this
compound. Absorbed dichloromethane vapor is biotransformed to

carbon monoxide resulting in the formation of carboxyhemoglobin
in human as well as experimental animals (Kbic et al. 1974,
Stewart et al. 1972). Dichloromethane and related dihalo-
methanes are also metabolized to formaldehyde and halide ions
in in vitro experiments (Ahmed and Anders, 1976; Kubic and
Anders, Y9-75).

Health Effects:

Experiments in animals, as well as in humans, suggest that ex-

posure to dichloromethane at high dose levels results in cen-
tral nervous system depression; it also affects the liver and
the blood. Carboxyhemoglobin formed as a result of dichloro-
methane exposure interferes with work performance capability
and adversely affects patients with isehemic heart disease.

Acute Exposure:

On ingestion the lowest recorded lethal dose for humans is
500 mg/kg (NIOSH, 1978). Tugarinova et al. (1965) compared
acute toxicity of dichloromethane in mice, rats and guinea pigs.
They administered single doses of dichloromethane in oil to the
animals and established that guinea pigs were not as sensitive
as mice and rats. Toxic symptoms included central nervous
system effects characterized By initial excitation leading to

convulsions and respiratory disorders and death. Histopath-
ological examination revealed no overt changes in the internal

organs with the exception of cerebral hyperemia. The animals

that died in the later periods showed signs of liver toxicity.
A daily dose of 750 mg/kg for I0 days given to mice resulted
in no deaths. At the end of the experiment, the autopsied
animals revealed signs and symptoms of liver toxicity.

In another study, Kimura et al. (1971) suggested a maximum per-
missible single oral dose 0.001 ml/kg, based on their experi-
ments with rats, utilizing a single oral dose of one ml/kg
dichloromethane. They observed gross signs of toxicity.
Signs and symptoms of toxicity were not described.

Chronic Exposure Including Reproduc6ive Effects:

Information on the long-term exposure of humans to dichloro-
methane is not available. For a longer-term experiment, the
rats and guinea pigs were given dosages of 0.4 and 377 mg/kg 6
days a week for 5-6 months (Tugarinova et al. 1965). Six
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animals were used for each dose level. No treatment related
toxic symptoms were observed at the low dose level; however,
at the high dose level, the ascorbic acid content of the
adrenals decreased. The significnace of this effect is not

clear.

In another longer-term study, dichloromethane was administered
to rats in drinking water at a concentration of 0.125 g/l (15
mg/kg/ day) for 3 months. The animals were examined for
changes in behavior, weight, blood and urin chemistries, repro-
ductive function, organ weight/body weight ratio and histology.
No significant treatment related effects were observed; however,
the urine-albumin test was frequently positive. The authors
did not attach any biological significance to this finding
(Bornmann and Loeser, 1967).

Mutagenicity and Carcinogenicity:

Dichloromethane was mutagenic in Salmonella typhimurium TA I00
and TA 98 both in the presence and absence of a liver micro-
somal activation system (Jongen et al. 1978). The carcino-

genic potential-of dichloromethane was studied by Theiss et al.
1977. Six to eight week old Strain A/St male mice were in-
jected intraperitoneally three times a week (total of 24 injec-
tions) at dose levels of 160, 400 and 800 mg/kg body weight.
Twenty-four weeks after the first injection the animals were

sacrificed and examined for lung adenomas. The observed aden-
omas in the treated animals were not statistically significant
from those of the control.

Other Observations:

Since dichloromethane is metabolized to carbon monoxide in

experimental animals as well as in humans, it is appropriate
to consider the toxic effects of carbon monoxide. Astrup et al.

1972 studied the effect of carbon monoxide on fetal devel-

opment in rabbits. Exposure to 180 ppm CO for 30 days (re-
sulting in 16-18 percent carboxyhemoglobin) during pregnancy
resulted in a 20 percent decrease of birth weight and a neo-
natal mortality of 35 percent as against 1 percent in the con-

trol group. Exposure to 90 ppm carbon monoxide (8-9 percent
carboxyhemoglobin) had a less pronounced effect.

Several reports indicate the adverse health impact of carboxy-
hemoglobin on the heart, work performance capability and fetal
development. In a well conducted study, Anderson and co-workers
(1973) exposed human subjects with ischemic heart disease to 50
and I00 ppm carbon monoxide for four hours on five successive
days. After each exposure subjects were asked to go through





standard treadmill exercises ECG test. Blood carboyhemoglobin
levels were determined before and after the exposure and the
time of onset and duration of angina pain were recorded. The
mean duration of exercise before onset of pain was signifi-
cantly shortened after 50 and I00 ppm CO exposure. Exposure to
CO at 50 and I00 ppm for four hours resulted in mean carboxy-
henoglobin concentrations of 2.9 and 4.5 percent, respectively.
In another study, Putz et al. 1978 studied the effects of car-
bon monoxide and methylene chloride on human task performance.
The effects were assessed by the performance of human subjects
on a visual-manual, dual task and an auditory vigilance task.
The experimental procedure involved exposing the subjects to
about 200 ppm dichloromethane for 4 hours and to 70 ppm CO to
achieve desired carboxyhemoglobin concentrations of 5 percent.
The authors suggest that 5 percent carboxyhemoglobin signifi-
cantly impaired human performance under difficult or demanding
task conditions.

EPA-SNARL Development:

Dichloromethane at higher dose levels produces central nervous
system and liver effects. It is mutagenic in bacterial test
system and evidence of its carcinogenic potential is inconclu-
sive. The available data suggest that the dichloromethane EPA-
SNARL should be developed based on its potential to produce
carboxyhemoglobin in humans.

Dichloromethane is metabolized to carbon monoxide as indicated
by the formation of carboxyhemoglobin. At 5 percent carboxy-
hemoglobin level in humans, it is reported to interfere with
the work performance as well as adversely affect the subjects
with ischemic heart disease (Anderson et al. 1973). At
slightly higher carboxyhemoglobin concentrations, it lowers the
birth weight of the newborn rabbits, if their mothers are ex-
posed during gestation. Therefore, the dichloromethane EPA-
SNARL should be set below the dichloromethane concentration in
drinking water that would not maintain 5 percent carboxyhemo-
globin for an extended period of time. In fact, it should be
at much lower concentrations in order to accommodate exposure
to carbon monoxide from other sources.

An experiment to delineate the carcinogenic potential of di-
chloromethane is in progress at the National Cancer Institute.
The results from this experiment or any other would be assessed
to update the EPA-SNARL, if necessa[y.

One-Day EPA-SNARL:

The lowest lethal oral. dose of 500 mg/kg (0.38 ml/kg) for
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humans has been recorded. This dose cannot be used for the

calculation of an EPA-SNARL, since this might have been an

isolated incidence and certainly was not a well-controlled
study. In addition, the cause of death an8 other adverse

health effects need to be recognized before any-degree of con-

fidence is placed on this value. Using the same data base as

chosen by the National Academy of Sciences, a one-day EPA-SNAKL
has been determined. This involves a study by Kimura et al.

(1971) where the minimal effective dose of 1 ml/kg (1.3 g/kg)
was established. Using a safety factor of 1,000, calculations

of an EPA-SNARL for a I0 kg child, consuming one liter of

water, are given below:

Calculations

1.3 g/kg x IQ 0.013 g/liter
[000 x 1 liter

where: I0 I0 kg body weight of a child
1 liter assumed consumption of drinking water by

I0 kg body weight child
I000 safety factor

Ten-Day EPA-SNARL:

A study by Bornmann and Loeser (1967) appears to be most appro-
priate to use to determine the 10-day EPA-SNARL. In this study,
adult rats were fed dichloromethane (15 mg/kg/day) for three

months whereby no observed adverse health effects were identi-

.fied. Applying a safety actor of I00 instead of I000 used for

longer-term SNARL calculations, to a no observed effect level

of 15 mg/kg/day, the ten-day EPA-SNARL is calculated as 1.5
mg/l. This assumes I0 kg body weight of a child consuming one

liter of water a day. Another method of calculating the ten-

day EPA-SNRL would have been to merely divide the one-day EPA-
SARL by ten indicating a value of 1.3 mg/l.

It is expected that consumption of 13 mg/l and 1.5 mg/l dichlor-

omethane for one and ten days, respectively, would not increase

carboxyhemoglobin levels significantly.

The National Academy of Sciences (1980) calculated a one-day
and a seven-day NAS-SNARL for dichloromethane in drinking
water. They used the study by Kimura et al. (1971) where the
minimal effective dose of 1 ml/kg (1.3 g/kg) was established.
Using a safety factor of I000 and a consumption volume of 2
liters of water by an adult the one-day adult NAS-SNARL should
be 45 mg/l and consequently a seven day adult NAS-SNARL of 6.4

mg/l. However, the Academy values are 35 mg/l and 5 mg/l for
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one-day, and seven-day, respectively. There appears to have
beeh a typographical error which was perpetuated in the seven-
day NAS-SARL.

Longer-term EPA-SNARL:

A longer-term EPA-SNARL cannot be estimated with confidence
with the present available data; however, in case drinking
water containing dichloromethane has to be consumed during an
interim period before treatment, a study by Bornmann and Loeser
(1967) could be used for determining longer-term dichloro-
methane EPA-SNARL. In this study, dichloromethane was admin-
istered to rats in drinking water at concentrations of 0.125
g/l (15 mg/kg/day) for three months. The animals were examined
for changes in behavior, weight gain, blood and urine chemistry,
reproductive functions, organ weight/body weight ratio and his-
tology. No significant treatment related effects were observed.
Another study by Tugarinova et al. (1965) where dosages of 0.4
and 377 mg/kg six days a week for 5-6 months were used, was not
acceptable for these calculations because of inherent problems
of statistical significance of the results.

Using a no-observed-effect dose level of 15 mg/kg/day for three
months, the following-calculations for determining a longer-
term EPA-SNARL are made:

Calculations:

15 mg x I0 0.150 mg/l
1 1 x I000

where: 15 mg no observed effect dose level
I0 assumed average body weight of a child
1 1 assumed consumption of drinking water by

I0 kg body weight child
I000 a safety factor for a three month study

Note: This may be an overly conservative estimate, but this
is based on the data available at the present time. Ideally,
the study should have three to four dose levels to establish
a no adverse effect dose level.

The U.S. EPA’s Ambient Water Quality Criteria for Halomethanes
(1980) recommended a criterion of 12.4 mg/l dichloromethane.
It was calculated from American Conference of Govermental
Industrial Hygienists recommended threshold limit alue.of
200 ppm (694-mg/m3) for occupational exposure. Ths crlterion

applies to ambient water, not drinking water. It is note-

worthy that NIOSH recommended a level of 75 ppm dichloromethane
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for work-room exposure and suggested that the exposure to
ichloromethane should be lowered further if the workers are

exposed to carbon monoxide.

Analysis

Dichloromethane can be analyzed by the purge and trap method
used for the halogenated hydrocarbons chloromethanes, chloro-
ethanes, chloroethylenes. The method involves trapping the
purgeable halogenated solvents onto a suitable sorbant. The
trapped compounds are thermally desorbed from the trap, passed
through a programmed gas chromatograph for analysis. Detection
is by the use of a microcoulometric or an electrolytic conduc-
tivity detector. By using this method, dichloromethane can be
detected at 1 ug/l Bellar Lichtenberg, 1974, AWWA 66:739).

Treatment

Limited information is available concerning the removal of
-methylene chloride from drinking water. Studies were con-
ducted to evaluate the capability of granular activated carbon
to remove actual mixtures of contaminants, including methylene
chloride in drinking water. In one of the studies, an un-
treated ground water containing low levels of halogenated
hydrocarbons (methylene chloride concentration 0.08 ug/l) was

passed through granular activated column (i inch diameter and
30 inches of activated carbon). Empty bed contact time was
6.2 minutes. The water source had a color of approximately
50 color units, a TOC concentration of about I0 mg/l and pH
of about 7.1. Methylene chloride was not detected in the
effluent (EPA, 1978).

Conclusions and Recommendations

Based on the available data and the state-of-the-art concept
in toxicology, theEPA-SNARL for one day is 13 rag/l, for ten-

days 1.3 mg/l and the longer-term EPA-SNARL of 0.15 mg/l has
been determined. These EPA-SNARLs are based on the acute and

sub-acute toxicity data. Furthermore, these EPA-SNARLs would
result in a carboxyhemoglobin level much below 5 percent at
which level adverse health effects have been observed.
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SNARL for Tetrachloroethylene
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

February 10, 1980

THE OFFICE OF DRINKING WATER "SNARLS" PROGRAM

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated with a margin of safety; it
is called a SNARL (suggested no adverse response level).
Normally values are provided for one-day, 10-day and longer-
term exposure periods where available data exists. A SNARL
does not condone the presence of a contaminant in drinking
water, but rather provides useful information to assist in the
setting of control priorities in cases when they have been
found.

In the absence of a formal drinking water standard for tetra-
chloroethylene, .the Office of Drinking Water has estimated a
suggested no adverse response level (SNARL) following the
state-of-the-art concepts in toxicology for non-carcinogenic
risk for short and long term exposures. For carcinogenic risk,
a range of risk estimates is provided for life-time exposures
using a model and computations from the NAS Report (1979) en-
titled "Toxicity of selected drinking water contaminants".
However, SNARLs are given on a case-by-case basis in emergency
situations such as spills and accidents. The SNARL calcula-
tions for short-term and chronic exposures ignore the possible
carcinogenic risk that may result from those exposures. In
addition, SNARLs usually do not consider the health risk re-
sulting from possible synergistic effect of other chemicals
in drinking water, food and air.

SNARLs are not legally enforceable standards, they are not
issued as an official regulation, and they may or may not lead
ultimately to the issuance of a national standard or Maximum
Contamination Level (MCL). The latter must take into account
occurrence, relative source contribution factors, treatment
technology, monitoring capability, and costs, in addition to
health effects. It is quite conceivable that the concentra-
tion set for SNARL purposes might differ from an eventual MCL.
The SNARLs may also change as additional information becomes
available. In short SNARLs are offered as advice to assist
those that are dealing with specific contamination situations
to protect public health.





General Information and Health Effects

Substantial quantities of tetrachloroethylene are being pro-
duced (700 million pounds in the U.S. in 1973). Tetrachloro-
ethylene (perchloroethylene) is used as a dry cleaning and
degeasing solvent, heat-transfer mediu, and in the manufac-
ture of fluorocarbons. This chemical is slightly soluble in
water (0.01% by volume).

Little work has been done to delineate the uptake, distribu-
tion, metabolism and excretion patterns following oral expo-
sures to tetrachloroethylene. For our purposes, an assumption
is being made that 30% is absorbed via respiration and almost
100% via the gastrointestinal tract, as has been shown for
trighloroethylene. Only a small fraction of tetrachloro-
ethylene is metabolized to trichloroacetic acid and/or tri-
chloroethanol. The urinary half-life of tetrachloroethylene
is markedly longer (144 hours) than that o trichloroethylene
indicating some level of bioaccumulation.

Tetrachloroethylene, like other halogenated hydrocarbons at
high doses, has been reported to produce liver and kidney
damage and central nervous system disturbances in mammals,
including humans. In addition, tetrachloroethylene has been
demonstrated to lower the DNA and RNA content of several orgam
systems of rats. High concentrations of this chemical result
in growth inhibition and mortality as demonstrated in animal
inhalation studies.

Investigations of chronic toxicity of tetrachloroethylene in
animals have all involved inhalation exposure, with the excep-
tion of an assessment of carcinogenesis which involved oral
dosing (NCI, 1977). The National Cancer Institute has reported
tetrachloroethylene-induced hepatocellular carcinomas in male
and female mice, but not in male or female rats.

Schwetz et al. (1975) reported that tetrachloroethylene was mot
teratogenic to rats and Swiss Webster mice after inhalation ex-
posures of 300 ppm for seven hours per day on days six-15 of
gestation. Careful examination of their data, however, indi-
cate that there were a number of modest but statistically signi-
ficant deviations of adverse health effect parameters from con-
trol animals, including increased body maternal weights, de-
creased body weight of mouse fetuses, increased fetal resorp-
tions and increased incidence of split sternebrae, subcutaneous
edema and delayed ossification of skull bones in mouse fetuses.
Schumacher et al. (1962) exposed three week old mice for eigh
hours/day, three days each to 200, 400, 800 and 1600 ppm
perchloroethylene. The exposures produced significant mortal-
ity and growth inhibition in survivors.





Tetrachloroethvlene SNARL

Tetrachloroethylene is a carcinogen in mice, and also causes
non-carcinogenic bioeffects at high doses. One-day, 10-day,
and chronic SNARL values based on non-carcinogenic bioeffects

are computed incorporating appropriate factors of safety.
Estimates of concentrations projected to increase the lifetime
cancer risk by one in i00,000 and one in a 1,000,000 are also

provided using the 4S model. The non-carcinogenic SNARL
recommendations are made considering the child and other sensi-

tive members of the population.

A one-day SNARL of 2.3 mg/l can be calculated using a study by
Kylin (i63). In this study mice were exposed to 200 ppm
tetrachloroethylene in air for a period ol four hours. Histo-

logical examinations of the liver demonstrated fatty infiltra-

tion but not cellular necrosis. Even though the exposure
levels ranged from 200 to 1600 ppm tetrachloroethylene, the no-

adverse-effect level was not established.

Using the method by Olsen and Gehring (1976) whereby the lung/
whole body ratios for humans and animals are assumed to be
roughly equivalent, the total exposure of 200 ppm (1358 mg/m3)
for four hours via inhalation, could be used to determine the

one- day SNARL:

(1358 rag/m3)(4 m3/day)(0.30) (i) 2.3 mg/l
(I 1/day)(100 uncertainty factor) (7)

where: 1/7 child/adult body weight ratio
0.30 absorption factor
I I/day child’s daily water consumption
i00 uncertainty factor because of animal experiment
1358 rag/m3 (200 ppm)(6.79 conversion factor)
4m3 according to Olsen and Gehring whereby the

lung/whole body ratios for humans (adults)
and rats (adults) are assigned to be roughly
equivalent

An uncertainty factor of i00 was chosen rather than i000 even

though the SNARL is based upon an animal experiment in which

the no-observed-effect level was not dentified. It was felt
that the index of toxicity, namely fatty infiltration of the

liver, is a delicate disorder in itself which is reversible
and not life-threatening after a short exposure, therefore an

additional margin of safety was not warranted.

The National Academy of Sciences (NAS, 1979) has computed a

one-day SNARL of 172 mg/l and 24.5 mg/l for the seven-day SNARL.
Calculations used by the NAS to determine a one-day SNARL were

based on hepatotoxicity at a dose level of 490 mg/kg body
weight given intraperitoneally to the animals. The calcula-

tions were made for a 70 kg man and the drinking water was





considered to be the sole source of exposure. The seven-day
S SNARL was calculated by dividing the one-day SNARL value
by the appropriate number of days.

The NAS chose to work with data in animals given intraperito-
heal injections. The Office of Drinking Water selected an

inhalation study in animals for extrapolation of its SNARL and
calculated the SNARL for the i0 kg child. Animal studies and
a human case "history suggest that, in this case, children

appear to be a sensitive population which needs to be protec-
ted rom the adverse health effects.

The Office of Drinking Water 10-day SNARL was calculated using
an inhalation study by Savolainen et al. (1977) in which inha-

lat%on exposures of adult male rats to 200 ppm of tetrachloro-
ethylene six hours daily for five days caused diminished brain
RXA content. The 10-day SNARL of 175 ug/l was thus determined:

(358 mg/m3)(6 m3)(0.30)(i)(I) 75 ug/l
1/day) (i000) (7((2)

where: 1358 mg/m3 (200 ppm)(6.79 conversion factor)
6 m3 according to Olsen and Gehring whereby the

lung-whole body ration for humans (adults)
and rats (adults) are assumed to be roughly
equivalent

0.30 absorption factor
I i/day child’s daily consumption of drinking water

000 uncertainty factor due to animal experiment
where the no-observed-effect level was not

identified
1/7 child/adult body weight ratio
1/2 factor to provide for equivalent toxicity on

day I0 as noted on day five

As a matter of interest, "Medical World News" contained a

report of a six week old baby with jaundice and an enlarged
liver; the baby was breast fed by a mother who was frequently
exposed to tetrachloroethylene in a dry cleaning establishment
(Anonymous, 1978). The mother’s milk contained perchloro-
ethylene levels up to oe mg %. The child’s symptoms vanished

when breast feeding was discontinued.

Longer-Term SNARL

A longer-term SNARL of 20 mg/l (rounded from the computation)
can be estimated from a study by Navrotskii et al. (1971). The
authors reported increased urinary urobilinogen and patholog-
ical changes in the parenchyma of the liver and kidneys of
rabbits after inhalation exposure to i00 mg/m3 perchloro-
ethylene for three to four hours/day for seven to Ii months.
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The calculations for a longer-term SNARL are:

(100 mg/m3)(4 m3/day)(0.30) (i) 0.017 mg/l
-(]--i-ay)(100-0 uncertainty factor) (7)

where: 10p mg/m3 observed effect level
4mo according to Olsen and Gehring whereby the

lung-whole body ratio for humans (adults)
and rats (adults) are assumed to be roughly
equivalent

0.30 absorption factor
I/day child’s consumption of drinking water

I/7 child/adult body weight ratio
i000 uncertainty factor due to animal study where

health effect was observed

Since tetrachloroethylene is considered a carcinogen, at least
for mice, and using the risk estimates generated by the
National Academy of Sciences (NAS), it is possible to identify
that range of tetrachloroethylene concentrations that would
increase the risk of one excess cancer per 106 or 105 people
exposed over a lifetime. From the NAS model it is estimated

that consuming 2 i/day over a lifetime having a tetrachloro-
.ethylene concentration of 3.5 ug/l or 35 ug/l would increase

the risk by oneexcess cancer/million exposed or one excess
cancer/100,000 exposed, respectively. This is the range of
risks where many EPA regulatory values for other carcinogens
have been.

These risk extrapolations were based on an assumption that
there is no threshold effect level for carcinogens. The state-

of-the-art at the present time is such that no experimental
tools can accurately define the absolute numbers of excess
cancer deaths attributable to tetrachloroethylene in drinking
water. Due to biological variability and the number of assump-
tions required, each of the risk estimating procedures leads to

a different value. There is wide variation between these esti-

mates and also in their interpretation. For this reason, we

report the results of the NAS risk computations, which is a con-

servative approach, as a range of values from one in i00,000 to

one in i,000,000 incremental risk (risk above background) for a

carcinogen. The NAS risk estimates are based on the multistage
model concept. "At low dose, the multistage model is often
mathematically equivalent to the linear or single hit model.
Therefore, its use for extrapolation is consistent with the

conservative linear risk estimation. If the precise mechanism

of carcinogenesis is represented by a threshold or log-normal
dose response relationship, the multistage model may consider-

ably overestimate the risk at low doe levels. However, this

possibility cannot be reasonably quantified" (NAS 1979).

In summary, the one-day, ten-day and longer-term SNARL values

for tetrachloroethylene are 2300 ug/l, 175 ug/l and 20 ug/l,
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respectively, if drinking water is the only source of exposure.
The concentrations resulting in a lifetime risk of 10 -6 and
10 -5 are 3.5 ug/l and 35 ug/l, respectively, it the contam-

inated drinking water was consumed over a lifetime. The longer-
term SNARL of 20 ug/l tetrachloroetylene, in drinking water may
result in excess cancer risk of approximately six in one
million, it the exposure was for a lifetime (70 years).
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SNARL For Trichloroethylene
Health Effects Branch, Criteria and Standards Division

Office of Drinking Water
U.S. Environmental Protection Agency

Washington, D.C. 20460
November 26, 1979

In the absence of a formal drinking water standard for trichlo-
roethylene, the Office of Drinking Water has estimated a sug-
gested no adverse response level (SNARL) following the state-
of-the-art concepts in toxicology for non-carcinogenic risk
for short and long term exposures. For carcinogenic risk a
range of risk estimates are provided for life-time exposures
using a model and computations from the National Academy of
Sciences Report: Drinking Water and Health (1977). However,
SNARLs are given on a case-by-case basis in emergency situa-
tions such as spills and accidents. The SNARL calculations for
short-term and chronic exposures ignore the possible carcin-
ogenic risk that may result from those exposures. In addition
SNARLs usually do not consider the health risk resulting from
possible synergistic effect of other chemicals in drinking
water, food and air.

General Information and .Health Effects

Trichloroethylene is used primarily as a metal degreasing
agent. It is also used, however, in dry-cleaning as a solvent,
and in refrigerants and fumigants. Trichloroethylene is
slightly soluble in water.

Trichloroethylene, like other halogenated hydrocarbons at high
dose levels, has been reported to produce liver and kidney
damage and central nervous system disturbances in mammals,
including humans. These effects have been observed as a result
of short-term exposures and the intensity of the response was
dependent upon the dosage levels. Salvini et al. (Brit. J.
Med. 1971. 28:293) observed psychophysiological changes in
human volunteers in a controlled inhalation study using tri-
chloroethylene at as low a level as ii0 ppm for two four-hour
periods.

Long-term exposures of mice to trichloroethylene produced car-

cinogenic effects in both male and female animals (National
Cancer Institute, 1976). In addition to the carcinogenic
effect, trichloroethylene has been reported to be mutagenic in
microorganisms, transforms cultured mammalian cells to carcin-
ogenic cells, and binds with tissue macromolecules, thus sup-
porting the carcinogenic potential of trichloroethylene.

There has been some controversy over the current eivdence





linking trichloroethylene and carcinogenicity in animal studies.

Alnhough the NCI bioassay was positive, others have argued tNat
the effects may have been due to contaminants (epichlorohydrin
an epoxybutane) in the tested trichloroethylene. NCI has

agreed to retest. The NAS in its 1979 report, however, recog-
nizing the issue, accepted the NCi result and computed a risk

value based upon carcinogenic potential.

Recent studies on the metabolism and elimination ol trichloro-
ethylene in rats and human volunteers, reveal that the metabo-
fires of trichloroethylene, namely trichloroethanol and tri-

chloroacetic acid, are not immediately eliminate from the body.
%richloroethanol was found to have a hall-life of 12 hours in

human volunteers. This would mean that repea.ted daily exposure
to trichloroethylene via drinking water would result in some

accumulation of trichloroethanol in the body. Moreover, the
netabolite trichloroacetic acid has been reported to bind to

plasma proteins. This property of trichloroacetic acid may
result in interaction with drugs and chemicals having similar

properties, thereby resulting in toxic effects. (Ertle et al.
Arch. Toxicol. 29, 171-188, 972.)

SNARL Development

Trichloroethylene is a carcinogen in mice, and also causes
non-carcinogenic bioeffects. One-day, 10-day and chronic SNARL
values based on non-carcinogenic bioeffects are computed incor-

porating appropriate factors of safety. Estimates of concen-

trations projected to increase the lifetime cancer risk by one

in I00,000 and one in a 1,000,000 are also provided using the

NAS model. The non-carcinogenic SNARL recommendations are made

considering the child and other possibly sensitive members of

the population.

Using a study where human volunteers were exposed via inhala-

tion to ii0 ppm (590 mg/m3) of trichloroethylene for an 8-hour
period where psychophysiological symptoms were observed, a one-

day SNARL value of 2 mg/l could be calculated for the child.

(590. rag/m3)(8 m3/day)(0-30) x _i 2.02 mg/l
(i 1/day)(100 uncertainty factor) 7

1/7 child/adult body weight ratio

0.30 absorption factor
1 1/day child daily water consumption
i00 uncertainty factor via i0 factor because

a human experiment was used and I0 factor
because data did not specify the no

observed adverse effect level





To calculate a SNARL for i0 days metabolic and pharmacokinetics
data are required. Since that .data is not available, a conserv-

ative method would be to divide the one-day SNARL of 2 mg/l by

i0 whereby the 10-day SNARL value woul become approximately
200 ug/l.

Since the one-day and 10-day SNARL values are determined for

emergencies and spills for a short period of time, it should

be assed that drinking water would be the primary or sole

source of human intake of trichloroethylene. This is in oppo-
sition to that for a chronic SNARL where a lesser contribution

from drinking water may be appropriate. Therefore, a relative

source contribution factor has not been incorporated into the

suggested one-day and 10-day SNARL values of 2 mg/l and 0.2

mg/l, respectively.

The NAS (1979) has computed a one-day SNARL ol 105 mg/l an 15

mg/l for the seven-day SNARL. Their calculations were based

upon the observation of intoxication of adults and the appli-

cation of uncertainty factors. Our calculations, however, were

based upon psychophysiological parameters and extrapolated to

the child with the appropriate uncertainty factors.

-The NAS chose to work with uncontrolled case histories where

trichloroethylene was accidentally ingested. The study which

the Office of Drinking Water chose to evaluate and extrapolate,
while being an inhalation study, was conducted under controlled

conditions.

A longer exposure SNARL for trichloroethylene, can be calcu-

lated using a study by Kimmerle and Eben entitled "Metabolism,

Excretion and Toxicology of Trichloroethylene after Inhalation."
This study evaluated the subacute exposure to trichloroethylene

via inhalation in adult rats for some 14 weeks following expo-

sure to 55 ppm (300 mg/m3), five days a week. Indicies of

toxicity include hematological investigation, liver and renal

function tests, blood glucose and organ/body weight ratios.

Liver weights were shon to be elevated while the other test

values were not different from controls. The elevated liver

weights could be interpreted to be the result ol hydropic

changes or fatty accumulation. The no-observed-effect level
was not identified.

Using the method of Olsen and Gehring (1976) whereby the lung-

whole body ratios for humans (adults) and rats (adults) are

assed to be roughly equivalent, tne total .dose of trichloro-

ethylene to the child can be determined and a longer term SNARL

can be calculated to be approximately 75 ug/l when the princi-

pal source of trichloroethylene is assumed to be from drinking

water.
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(300 m.glm3) 8 m31daX (5)(1)(0.30) 73.5 ug/l
(i 1/day) (7) (7) (i000)

where: 55 pm (5.46) 300 mg/m3 minimum ellect level

8 mS accor0ing to Olsen/Gehring
5/7 fraction converting from 5 to 7-day exposure
1/7 child/adult body weight ratio
0.30 absorption rate
1 I/day child consumption per day
i000 uncertainty factor due to animal study

where minimal effectwas reported

In cases where other sources ol exposure are prevalent and,

for example, drinking water is assumed to account for a portion

o the total exposure, say 20%, of the trichloroethylene in-

take,.then the SNARL value would become 15 ug/l. By-and-large,
however, the 75 ug/l SNARL would be ass’ed to be appropriate
under normal circumstances in the absence of other major

sources of TCE.

A chronic SNARL approximately equivalent to the SNARL of 75
ug/l can be justified on the basis that (i) long-term exposure

to low doses of trichloroethylene probably does not bioaccumu-

late much more over a lifetime than in 3-6 months, and (2) the

SNARL was calcuiaed for the child and not the adult thus pro-
viding a somewhat larger safety margin.

Since trichloroethylene is considered a carcinogen, at least

for mice, and using the risk estimates generated by the

National Academy of Sciences (NAS), it is possible to identify

that range of trichloroethylene concentrations that would in-

crease the risk of one excess cancer per 106 or 105 people ex-

posed over a lifetime. From the NAS model it is estimated that

consuming 2 1/day over a lifetime having a trichloroethylene

concentration of 4.5 ug/l or 45 ug/l would increase the risk

by one excess cancer/million exposed or one excess cancer/

i00,000 exposed, respectively. This is the range of risks

where many EPA regulatory values for other carcinogens have

been.

These risk extrapolations were based on an assumption that

there is no threshold level for carcinogens. The state-of-the-

art atthe present time is such that no experimental tools can

accurately define the absolute numbers of excess cancer deaths

attributable to trichloroethylene in rinking water. Due to

the biological variability and a number of assumptions required,

each ol the risk estimating procedures lead to a different

value. There is wide variation among these estimates and also

in their interpretation. For this reason we report the results

of the NAS risk computations, which is a conservative approach,

as a range o values in the one in one hundred thousand to one

in one million incremental risk (risk above background) for a

carcinogen. The NAS risk estimates are based on the multistage
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model concept. "At low dose the multistage model is often
mathematically equivalent to the linear or single hit moael.
Therefore, its use for extrapolation is consistent with the
conservative linear risk estimation. II the precise mechanism
of carcinogenesis is represented by a threshold or log- normal
dose response relationship, the multistage model may consider-

ablv over estimate the risk at low dose levels. However, this
possibility cannot be reasonably quantifiea." (NAS, 1979)
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Advisory Opinion for Carbon Tetrachloride
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

September 11, 198

AE OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This .information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the
general population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for
selected contaminants in drinking water. An EPA-SNARL and a
NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-SNARLs are established for a I0 kg body
weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data
exist. A SNARL does not condone the presence of a contaminant
in drinking water, but rather provides useful information to
assist in the setting of control priorities in cases where
contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an
identified drinking water contaminant, the Office of Drinking
Water develops EPA-SNARLs following the state-of-the-art con-
cepts in toxicology for non-carcinogenic risk for short and
longer term exposures. In cases where a substance has been
identified as having carcinogenic potential, a range of esti-
mates for carcinogenic risk based upon lifetime exposure as
developed by the NAS (1977 or 1980) and/or EPA’s Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the
EPA-SNARL calculations for all exposures ignore the possible
carcinogenic risk that may result from these exposures. In
addition, EPA-SNARLs usually do not consider the health risk
resulting from possible synergistic effects of other chemicals
in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not
issued as an official regulation, ad they may or may not lead
ultimately to the issuance of national standards or Maximum
Contaminant Levels (MCLs). The latter must take into account
occurrence, relative source contribution factors, treatment
technology, monitoring capability, and costs, in addition to

health effects. It is.quite conceivable that the concentration





set for.EPA-SEARL purposes might differ from an eventual MCL.

Yhe EPA-SNARLs may also change as additional information
becomes available. In short, EPA-SNARLs are offered as advice

to assist those such as Regional and State environmental and

health officials, local public officials and water treatment

facility personnel who are responsible for the protection oi

public health when dealing with specific contamination situa-

tions.

General Information and Properties

Carbon tetrachloride, also knon as tetrachloromethane (CCI4)
is a colorless liquid at room temperature with a characteris-

tic, non-irritant odor. Its boiling point is 76.7 C and its

specific gravity is 1.59 (20/4 c C) (Kirk-Othmer, 1979). Car-

bon tetrachloride is partly soluble in water (0.8 g/liter at

25 C) (Kirk-Othmer, 1979), but more soluble in other media,

as determined by partition coefficient studies: oil>blood>
air>water (Morgan et al. 1972, Sato and Nakajima 1979). A

concentration of i part per million in air is equivalent to

6.3 mg/m3. It is noteworthy that the American Conference of

-Government Industrial Hygienists (ACGIH), the National Insti-

tute for Occupational Safety and Health (NIOSH), and the

Occupational Safety and Health Administration (OSHA) recom-

mended threshold limit values (TLV) for carbon tetrachloride

as follows: 64.1 rag/m3 (i0 ppm), 12.8 rag/m3 (2 ppm), and

64.1 rag/m3 (i0 ppm), respectively.

The principal use of carbon tetrachloride (95%) is as an

intermediate in the production of chlorofluoromethanes, which

are used as propellants and refrigerants. Carbon tetra-

chloride is also used in grain fumigation and as an industrial

solvent (Kirk-Othmer, 1979).

Sources of Exposure

Carbon tetrachloride concentrations in the atmosphere are

relatively constant in most regions of the world (0.0008-0.0009
mg/m3) (EPA, 1980b). However, higher concentrations of carbon

tetrachloride have been detected in urban atmospheres. The

highest reported concentration (0.113 mg/m3) was found in a

sample from Bayonne, New Jersey (Lillian et al. 1975).

Carbon tetrachloride concentrationsin U.S. drinking water

have generally ranged from below detection occasionally up to

6.4 ug/liter (EPA, 1980b). In rare instances, industrial
accidents have resulted in dramatic increases in the concen-

tration of carbon, tetrachloride in drinking water. Following

an alleged spill of 70. tons of carbon tetrachloride into the





7anawha River, levels of carbon tetrachloride reached i00 ug/
liter in some linished drinking waters (Landen, 1979). The

inadvertent use of chlorine contaminated with carbon tetra-

chloride for the chlorination o drinking water in some North-

east locations also resulted in high concentrations of carbon

tetrachloride in drinking water (up to 46 ug/liter) (EPA, 1977).

Pharmacokinetics

In order to ascertain the absorption, distribution, and elim-

ination of carbon tetrachloride in animals, McCollister et al.

(1951) designed experiments in which rhesus monkeys inhaled a

vapor concentration of 0.290 mg/l (46 ppm) 4C-labeled carbon

tetrachloride for periods of 139, 344 and 300 minutes. The
authors made the following observations: (a) of the total
amount of carbon tetrachloride inhaled, an average of 30% was

absorbed; (b) the highest concentration of radioactive material

deposited in tissues was found in the fat which had a distri-

bution ratio of 7.94 (blood i); (c) 14C was found in the

blood carbonate, exhaled carbon dioxide and in urinary urea

and carbonate; and (d) the equivalent of at least 51% of the

carboD tetrachloride absorbed during an inhalation period was

estimated to have. been eliminated in the expired air within

75 days following the end of the exposure. The remainder

evidently was excreted to a large extent in the urine and

feces.

Among reported metabolic reactions in liver are conversion to

carbon dioxide (Rubinstein and Kanics, 1964), chloroform

(Butler, 1961), hexachloroethane (Fowler, 1969), carbonyl
chloride (phosgene) (Shah et al. 1979), and binding to lipids
and proteins (Glende et al. 1976, Uehleke and Warner, 1975).

Health Effects

Exposure to carbon tetrachloride is reported to produce fatty
liver, with centrilobular necrosis developing if exposure is

continued. In humans, this condition may be followed by kidney

failure. The histologic changes may be accompanied by bio-

chemical abnormalities including alterations in the activity
of the microsomal enzyme system, an increase in triglycerides
in the liver, and a decrease in protein synthesis.

Short-Term Exposure

Lamson et al. (1928) studied the effects of carbon tetrachlo-

ride in patients receiving carbon tetrachloride and magnesium

sulfate orally as a treatment for hookworms. The authors
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report the treatment of thousands of patients with a single
dose oi 2.5-15 ml of carbon tetrachloride without any adverse

effects. One man was reported to have safely ingested 40 ml
oi carbon tetrachloride. However, an "extremely small" popu-
lation of adults died after receiving 1.5 ml of carbon tetra-

chloride; doses ol 0.18-0.92 ml were reported to be fatal to

children. Alcohol consumption enhanced carbon tetrachloride-
inducea toxicity in adults.

Stewart et al. (1961) reported the toxic effects of experi-
mental exposure ol human volunteers to carbon tetrachloride

vapor. Healthy males, 30-59 years of age, were exposed to

concentrations of 63, 69 and 309 mg/m3 of carbon tetrachloride

(99% pure) in an exposure chamber for 180 minutes at the two

lower doses or 70 minutes at the highest dose. All subjects
had undergone periodic physical examinations; some participated
in more than one of the exposure experiments, which were con-

ducted 4 weeks apart. Six subjects exposed to the highest
concentration experienced no nausea or lightheadedness, and

carbon tetrachloride was not detected in blood and urine dur-

ing or after exposure (the detection limit was 5 ppm). One
of these six subjects had an increased level of urinary uro-

bilinogen 7 days after exposure. In addition, two of four sub-

jects exposed to the highest concentration and monitored for

serum iron showed a decrease within 48 hours after exposure.
Carbon tetrachloride was also not detected in the blood or

urine of volunteers exposred at 63 or 69 rag/m3, and the volun-

teers reported no physiologic effects. No changes in blood

pressure, serum transaminase levels, or urinary urobilinogen
levels were noted.

Effects of acute exposure to low levels of carbon tetrachloride

in rats were reported by Korsrud et al. (1972). Male Wistar

rats (260-400 g; 8-10 animals per treatment group) were admin-

istered single oral doses of carbon tetrachloride (0 to 4000

mg/kg bw) in corn oil (5 ml/kg bw). The rats were fasted for

6 hours before dosing and for 18 hours afterward, and then

sacrificed. Assays include liver weight and fat content,

serum urea and arginine levels, and levels of nine serum

enzymes, produced mainly in the liver. At 20 mg/kg bw there

was histopathologi evidence of toxic effects on the liver.

At 40 mg/kg bw, liver fat, liver weight, serum urea, serum

arginine, and levels of six of the nine liver enzymes were

increased. At higher doses the remaining three enzyme levels

were also elevated. The histologic changes seen at the mini-

mum effect level, 20 mg/kg bw, included a loss of basophilic

stippling, a few swollen cells, and minimal cytoplasmic
vacuolation.

Murphy and Malley (1969) investigated the effects of single
oral doses of carbon tetrachloride on the corticosterone-

inducible liver enzymes, tyrosine- -ketoglutarate trans-

aminase, alkaline phosphatase, and tryptophan pyrrolase in





rats. Specifically. groups ol 4-7 male rats were administered

by garage 400, 800, 1600, 2400 or 3200 mg/kg undiluted carbon

tetrachloride. Single doses of 400 mg/kg or greater of carbon

tetrachloride increased liver tyrosine- -ketoglutarate trans-

aminase and alkaline phosphatase, but not tryptophan pyrrolase

activity within 5 hours.

Carc inosen ic itff

Oral administration ol carbon tetrachloride has been shown to

be carcinogenic in rats, mice and hamsters. Ir all three

species, liver neoplasms developed although hamsters appeared

to be the most sensitive.

Weekly administration of carbon tetrachloride (20 mg/kg bw) by

gavage to I0 male and I0 female Syrian hamsters for 7 weeks,

followed by i0 mg/kg bw weekly for an additional 23 weeks, pro-

duced liver cell carcinomas in 5 male and 5 female hamsters

that survived 13-25 weeks after cessation of treatment. No

data on control animals were provided (Della Porta et al. 1961).

In a CI bioassay.program, carbon tetrachloride was used as a

positive control in the bioassays of chloroform and l,l,l-

trichloroethane (NCI, 1976, 1977). The positive control groups

described in both bioassays were of the same strain and source

as the treated animals, Groups of 50 Osborne-Mendel rats of

each sex were administered carbon tetrachloride in corn oil by

gavage five times weekly for 78 weeks at two dose levels: 4.7

and 94 mg/kg bw for males, 80 and 160 mg/kg bw for females,

The incidence of hepatocellular carcinomas was increased in

animals exposed to carbon tetrachloride as compared to controls.

In another study, groups of 50 B6C3FI mice of each sex were

given carbon tetrachloride in corn oil by gavage five times

per week for 78 weeks at two doses, 1,250 and 2,500 mg/kg bw,

for both males and females. After 90-92 weeks, an exposure-

related increase in the incidence of hepatocellular carcinomas

was observed.

Mutagenic ity

S. cerevisiae, strain D7, incubated with three concentrations

o"carbon tetrachloride (21, 41, or 54 raM) showed significantly

increased frequencies of mitotic gene conversion and recombina-

tion at the highest dose compared to the control (Callen et al.

1980). Incubation of S. typhimurium strain G46 and E. coli

strain KI2 with carbon tetrachloride in the presence of a meta-

bolic activation system containing mouse liver microsomes pro-

duced no mutagenic effects. No data on dose levels,





cytotoxicity, or controls were reported, however (Kraemer et al.

1974). Carbon tetrachloriOe also proved negative as a mutagen
in S. typhimurium strain TA 1535 (cCann et al. 1975) at a max-

imum dose of 104 nM, at which less than 70 revertants per plate
ere produced. The compound was tested with a metabolic acti-

vation system, but additional experimental details were not

reported.

Teratogenicity/Reproduc tive Effects

Exposure of pregnant Sprague-Dawley rats to 1,890 or 6,300
mg/m3 of 99.9% carbon tetrachloride for 7 hours/day on days
6-15 of gestation were reported to produce both fetotoxic an
teratogenic effects (Schwetz et al. 1974). At the low and high
concentrations, 22 and 23 litters, respectively, were examined.

Fetal body weight and cronn-rump length were significantly
reduced from control values at both concentrations. At the

higher dose the incidence of sternebral abnormalities,
including bipartite and delayed ossification, was significantly
increased over those in controls. Total skeletal abnormalities

were significantly increased in the 1,890 mg/m3 group, but not

at the higher dose (Schwetz et al. 1974). In contrast, another

study reported no significant teratogenic effects following

exposure of 25 pregnant Sprague-Dawley rats to pure carbon
tetrachloride at 1,575 mg/m, 8 hours per day for 5 consecutive

days between i0 and 15 of gestation (Gilman, 1971.) No con-

vincing explanation is available to explain this discrepancy
at this juncture.

en three groups of rats were given carbon tetrachloride
(2,400 mg/kg bw) intraperitoneally for i0, 15 or 20 days, tes-

ticular and seminal vesicle weights were decreased in all rats..

The number of animals per group was not specified. In addi-

tion, histologic examination of the testes revealed no damage

in animals treated for I0 days; an increase in lumen size and

a decrease in spermatogenic cells at 15 days; and atrophy of

the tubules and an increase in lumen size at 20 days (Kalla
and Bansal, 1975).

EPA- SNARL Development

The availaDle data suggest that the EPA-SNNRL ior carbon tetra-

chloride should be based on the potential of this compound to

cause liver damage. This decision is justified by the follow-

ing factors:

i. The liver appears to be the most sensitive indicator of

carbon tetrachloride toxicity.





Carbon tetrachloride-induced hepatic liver damage has
been reported after a single low-level exposure by
ingestion.

One-Day EPA- SNARL

The icwest acute oral dose oi carbon tetrachloride reported to

cause an adverse effect was 20 mg/kg .bw in rats (Korsrud et al.

1972). This dose pro0uced minimal aamage to the liver as

indicated by histologic examination (i.e., a loss of baso-

philic strippling, a few swollen cells, and minimal cytoplasmic
vacuolation). Several higher and lower doses (0 to 4000 mg/kg)
were also tested in that study, so a dose-response, relationship
could .be develope. For these reasons, 20 mg/kg bw carbon

tetrachloride will be used in the development of the EPA-SNARL.
Because the data are for animals rather than humans and only
one species (rat) was considered, a safety factor of i000 will

be used.

In calculating the EPA-SNARL, children are assumed to be the

exposure subjects since they are representative of the popula-
tion most sensitiv-e to the toxic efiects of carbon tetrachlo-

ride. Furthermore, due to the lipophilic nture of this

chemical, it is assumed that 100% of carbon tetrachloride is

absorbed through the gastrointestinal tract.

Accepting 20 mg/kg as the minimal toxic effect dose, calcula-

tions of an EPA-SNARL for a i0 kg child, consuming one liter

of water per day, are given below:

Calculations

20 mg/kg x 100% x i0 kg 0.2 mg/liter
1 liter/day x i000

20 mg/kg minimal toxic effect dose

100% assumed absorption rate

i0 kg weight of child
i liter/day assumed water consumption by a

i0 kg child
i000 safety factor

Ten-Day SNARL

In the absence ol long-term (10-day) ingestion studies, the

10-day SNARL is thus calculated by dividing the 1-day SNARL
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of 0.2 rag/liter by i0:

0.2 rag/liter 0.02 rag/liter
i0

It should be note that NAS used a similar approach for the

calculation of their 7-day NAS-SNARLs. However, additional
pharmacokinetics data are needed to calculate scientifically
valid 10-day SNARLs.

The National Academy of Sciences has calculated SNARLs for
carbon tetrachloride of 14 mg/liter for 1-day exposure and 2
rag/liter for 7-day exposure (NAS, 1980), in contrast to the
EPA-SNARLs developed in this report of 0.2 mg liter for 1-day
exposure and 0.02 rag/liter for a 10-day exposure. The reasons
for this discrepancy are threefold: different data bases were

used, the NAS-SNARL was calculated for a 70 kg adult rather
than a i0 kg child, and the adult was assumed to consume 2
liters of water per day as compared to 1 liter per day for a
child. The NAS-SNARLs are based on the data of Murphy and

Malley (1969), who reported liver effects in rats 5 hours after
a single oral dose of carbon tetrachloride of 400 mg/kg bw.
The study used in the EPA-SNARL reported toxic liver effects
at the lower dose of 20 mg/kg bw (Korsrud e6 al. 1972). This
difference, coupled with EPA’s choice of a child rather than
an adult as representative of the population most sensitive

to exposure to carbon tetrachloride in water, accounts for

the difference in SNARL values.

Longer-Term EPA- SNARL

A longer-term EPA-SNARL for carbon tetrachloride cannot be

developed due to lack of acceptable data on chronic exposure
to this compound.

uantification of Carcinogenic Risk

Because of positive results in animal carcinogenicity studies,
carbon tetrachloride can be considered a suspect human car-

cinogen. Data from these animal studies have been used by NAS
and the EPA Carcinogen Assessment Group (CAG) to calculate the

number of additional cancer cases that may occur when carbon

tetrachloride is consumed in drinking water over a 70-year
lifetime. As shown in Table I, using the NAS and CAG data,
estimates of additional carcinogenic risk following the expo-
sure of humans to carbon tetrachloride may be derived.

The criteria for the CAG and NAS risk calculations differ in





several respects: (i) NAS used the multistage model, while
CAG used an "improved" multistage model, (2) NAS used the data

set from the National Cancer Institute (NCI) study in male
rats while CAG used the data set from NCI’s study in male mice.

The levels estimated by CAG thus resulted in a carbon tetra-

chloride concentration i/llth ol the levels estimated by NAS
for identical cancer risks (EPA, 1980a).

Table 1
Estimates of Additional Carcinogenic Risk

Following Exposure of Humans to Carbon
Tetrachloride in Drinking Water*

Carbon Tetrachloride Concentrations
(ug/liter)

Ecess cancer.
risk/lifetime

CAG NAS

(95% (95%
confidence confidence

limit) limit)

I0 -5 4 45

10-6 0.4 4.5

10-7 .0.04 0.45

An average daily drinking water consumption of 2 liters per
day was assed.

EPA’s Ambient Water Quality Criteria for carbon tetrachloride
(EPA, 1980a) based on increased lifetime cancer risk estimates

of 10 -5. 10 -6 and 10-7 are given under CAG (95% confidence

limit) in Table I. It is noteworthy that these concentration

s were derived by assuming a lifetime consumption of both

drinking water (2 liters/day) and aquatic life (6.5 g fish and

shellfish/day) grown in waters containing the corresponding
carbon tetrachloride concentrations. Thus, these criteria do

not apply to drinking water per se.





Ana!vsis

Carbon tetrachloride (and 47 other halogenated organics) in

water can be analyzed by a purge and trap method (Method 502.1)
describe by the EPA Environmental Monitoring and Support
Laboratory (EPA, 1980c). This method can be used to measure

purgeable organics at low concentrations. Using a sample size

o! 5 ml, purgeable organic compounds are trapped on a Tenax
GC-containing trap at 22 C using a purge gas rate of 40 ml/
min for Ii minutes. The trapped materil is then heated

rapidly to 180 C and backflushed with helium at a flow rate

of 20-60 ml/min for 4 minutes into the gas chromatographic
analytical column. The programmable gas chromatograph used
is capable of operating at 40 + 1 C. The primary analytical
column is stainless steel packe with 1% SP-1000 on Carbopack
B (60/80) mesh (8 ft. x 0.i in. I.D.) and is run at a flow
rate of 40 ml/min. The temperature program sequence begins

8
,

at 45 C for 3 minutes, increases C/rain to 220 C, and is

then held constant for 15 minutes or until all compounds have

eluted. A halogen-specific detector with a sensitivity to

0.I0 ug/liter and a relative standard deviation of I0% must

be used. The retention time of carbon tetrachloride under the
chromatographic conditions described herein is 781 seconds.

Confirmatory analyses may be performed using a secondary
analytical column. The optional use of GC/MS techniques of
comparable accuracy and precision is also acceptable.

Treatment

Treatment techniques which will reduce the levels of carbon
tetrachloride in drinking water include adsorption onto either

granular activated carbon or synthetic resins, boiling, and

aeration. Studies by EPA’s Drinking water Research Division
have consistently shown that conventional treatment processes
(coagulation, sedimentation, filtration), even when augmented
by the addition of powdered activated carbon, provide no net

removal of carbon tetrachloride. The use of powdered carbom

was ineffective at doses as high as 30 mg/l (Love et al. 1981;
Symons et al. 1.979; Lykins et al. 1980).

Granular activated carbon, however, should be effective in

removing carbon tetrachloride from a solution. Isotherm
studies have concluded that the specific capacity for carbon

tetrachloride on activated carbon (at an equilibrium concen-

tration of i00 ug/l) is between 1.6 and 7.0 mg/g of carbon..

Such studies predict that carbon terachloride will be removed

from a solution much more easily than either l,l,l-trichloro-
ethane or 1,2-dichloroethane, but not as easily as either tri-

chloroethylene or tetrachloroethylene (Dobbs and Cohen, 1980;
Weber, 1980). A .pilot scale study using Filtrasorb 400 gran-
ular carbon showed that carbon tetrachloride at a concentrmtion
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of 12 ug/l was removed to below detectable levels for three

weeks using an empty bed contact time (EBCT) ol 5 minutes and

for 14-16 weeks at an EBCT of i0 minutes (Symons, 1978). This

study also showed that PICA-A and PICA-B granular carbons

possessed performance characteristics similar to those of

Filtrasorb 400. Finally, a full-scale installation by Calgon

employed twin activated carbon beds in series with an EBCT oi

130 minutes to remove a mixture of organic chemicals from a

process water source. It is reported that, along with the

other chemicals, carbon tetrachloride was removed to a level

below detection from an influent concentration of 73 mg/l

(O’Brien et al. 1980).

Adsorption by synthetic resins can be used to remove carbon

tetrachloride from water. A study demonstrated that the syn-

thetic resin Ambersorb XE-340 removed carbon tetrachloride
from treated drinking water with an effectiveness similar to

Filtrasorb 400 (Symons et al. 1979).

Boiling is also effective in eliminating carbon tetrachloride

from a solution. Studies have shown that five minutes of

vigorous boiling will remove upwards of 99% of the carbon

tetraGhloride originally present (Love and Eilers, 1981; Combs,

1980).

Finally, aeration may be used to remove carbon tetrachloride

from water. Field data are not available, but theoretical

considerations predict that carbon tetrachloride is amenable

to air stripping. A review of carbon tetrachloride’s Henry’s
Law constant (relative to those for other compounds) suggests

that it will be removed from a solution.by aeration approxi-

mately as well as tetrachloroethylene or l,l,l-trichloroethane,
Such analysis also predicts that carbon tetrachloride will be

removed more easily than 1,2-dichloroethane, although not so

easily as vinyl chloride (Love and Eilers, 1981).

Conclusions and Recommendations

.,rom data on the lowest acute dose of carbon tetrachloride

produGing health effects in rats (20 mg/kg bw), a 1-day EPA-

SNARL of 0.2 mg/liter and a 10-day EPA-SNARL of 0.02 mg/liter

have been calculated. A longer-term EPA-SNARL for carbon

tetrachloride cannot be developed due to lack of acceptable

data on chronic exposure to this compound. Carcinogenic

effects of carbon tetrachloride were not considered in the

preparation of these SNARLs. Possible risks associated with

carcinogenicity as derived from the data calculated by the

National Academy of Sciences and EPA Carcinogen Assessment

Group are discussed.
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Advisory Opinion for Chlordane
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

Jun 23, 1981

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects

upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health

effects would not be anticipated. A margin of safety is fac-

tored in so as to protect the most sensitive members of the

general population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated

by EPA and by the National Academy of Sciences (NAS) for

selected contaminants in drinking water. An EPA-SNARL and a

NAS-SNARL may well differ due to the possible selection of

different experimental studies for use as the basis for the

calculations. Furthermore, NAS-SNARLs are calculated for

adults while the. EpA-SNARLs are established for a i0 kg body
weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data

exist. A SNARL does not condone the presence of a contaminant

in drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where

contamination occurs. EPA-SNARLs are provided on a case-by-

case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking

Water develops EPA-SNARLs following the state-of-the-art con-

cepts in toxicology for non-carcinogenic risk for short and

longer term exposures. In cases where a substance has been

identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA Carcinogen

Assessment Group (EPA, 1980a) is presented. However, the EPA-

SNARL calculations for all exposures ignore the possible car-

cinogenic risk that may result from these exposures. In addi-

tion, EPA-SNARLs usually do not consider the health risk

resulting from possible synergistic effects of other chemicals

in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead

ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration
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set for EPA-SNARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as additional information
becomes available. In short, EPA-SNARLs are offered as advice
to assist those such as Regional and State environmental and
health officials, local public officials, and water treatment

facility personnel who are responsible for the protection of
public health when dealing with specific contamination situa-

tions.

General Information and Properties

Chlordane (l,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,Ta-hexahydro-
4,-7-methano-iH-indene) is a viscous, amber-colored liquid
which is slightly soluble in water and soluble in most organic
solvents, including petroleum hydrocarbons. Chlordane has a

molecular weight of 409.8, a density of 1.59 g/ml at 25" C,
and a melting point of 106 C (cis-isomer) and 104 C (trans-
isomer). Pure chlordane is composed of a mixture of stereo-

isomers, with cis and trans forms predominating and referred
to as alpha and gamma isomers, respectively (Brooks, 1974).
The water odor threshold value is .5 ug/l in water (Nat. Inst.
for Water Supply, 1977).

The American Conference of Governmental Industrial Hygienists
(ACGIH, 1977) adopted a time-weighted average value of 0.5
mg/m3 for chlordane based on inhalation exposure.

FAO/WHO (1968) has provided an acceptable daily dose for
chlordane of 0.001 mg/kg body weight.

Canadian Drinking Water Standards (Dept. Natl. Health Welfare,
1968) list a tentative maximum permissible limit for chlordane

of 3 ug/l.

Sources of Exposure

Chlordane has been detected in water, air and food. For
example, chlordane has been detected in 36 out of 39 samples
analyzed from bottom material of streams and tributaries to the

San Francisco Bay (Law and Goerlitz, 1974). The average con-

centration of chlordane detected here was 197 ug/kg.

Over 500 grab samples of finished drinking water and related

raw water from the Mississippi and Missouri Rivers were also
analyzed for chlordane and other pesticides (Schafer et al.,
1969). Chlordane levels averaging 8 ug/l were found in 14 of
the above samples.

Chlordane was reported in i0 out of 13 air samples taken around
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Bermuda and between Bermuda and Rhode Island during February-_
June 1973. However, these levels were below 0.005-0.090 ng/m
(Bidleman and Onley, 1974).

Mes et al. (1974) reported that trans-chlordane was present in

78% of chicken eggs sampled at an average concentration of 2

ug/kg and cis-chlordane in 81% of eggs sampled at an average
concentration of i ug/kg. These eggs were collected from five

different regions of Canada.

Canadian meat samples have been analyzed for the presence of

chlordane (Saschenbreaker, 1976). Ranges of chlordane were:

beef 0-106 ug/kg; pork 0-32 ug/kg; fowl 0-70 ug/kg.

Metabolism/Pharacokinetics

Barnett and Dorough (1974) studies the absorption, metabolism

and excretion of radio-labeled chlordane in male and female

rats. the investigators reported that when a single oral dose

of radio-labeled chlordane (0.2 mg/kg) was given to rat, over

90% of the dose was eliminated from the animals in the excreta

by 7 days following ingestion. Fecal excretion (87.4%) was

the major route of elimination in both male nd female rats.

Approximately 15% of the radioactivity in the feces was in the

form of unchanged chlordane. The investigators further stated

that the metabolites in feces were not formed due to degrada-
tion of chlordane in the presence of fecal material. The

urinary excretion of radio-labeled chlordane was 2.6% of dose.

Oxychlordane was the major metabolite present in both urine and

feces as determined by thin layer chromatographic and gas
chromatographic techniques.

Samples of the brain, muscle, liver, kidney and fat of these

rats treated with a single oral dose of radio-labeled chlordane

were also analyzed for chlordane deposition (Barnett and
Dorough, 1974). The investigators reported that the level of

radio-labeled chlordane residues were high in liver (102 ug/kg)
and fat (.58 mg/kg) and low in brain (.03 mg/kg), muscle (.03
mg/kg) and kidney (.03 mg/kg) tissues.

Tashiroand Matsuura (1977) attempted to isolate and identify

the metabolic products from both cis- and trans-chlordane
following a single oral dose of radio-labeled chlordane:

cis-c14-chlordane (5.4 mg/kg) or trans-C14-chlordane (9.7
mg/kg) to rats. The total elimination of chlordane was 76%

of the administered radio-labeled dose. The investigators

postulated that the major metabolic route for both cis- and

trans-chlordane is via dichlorochlordene and oxychlordane.
These metabolic intermediates are further converted to two key
etabolites, l-exo-hydroxy-2-chlorochlordene and l-exohydroxy-
2-endo-chloro-2,3-exo-epoxy-chlordene.





4

The animal studies in rats by Barnett and Dorough (1974) and
Tashiro and Matsumura (1977) suggest that the absorption of

chlordane is between 76-90% of the chlordane dose when ingested.
Therefore, in the development of a SNARL for chlordane, it will

be assumed that 100% of any dose ingestedwill be absorbed by
the exposed individual.

Health Effects

The toxic effects of chlordane from both acute and chronic

exposure include neurotoxicity, induction of hepatic micro-

somal enzyme activity and liver toxicity in animals and humans.

Short-term Exposure:

Accidental ingestion of chlordane in humans has been reported
(Curley and Garretson, 1969; Aldrich and Holmes, 1969).

Curley and Garreston (1969) reported a case of chlordane poi-

soning in a 20-month old boy who had ingested an unknown

quantity of technical chlordane. Clinical fatures included

vomiting and short, interrupted seizures on admittance to the

hospital. Liver function tests, electroencephalographi and
electrocardiographic tests were within normal limits 24 hours

after ingestion of the chemical. Blood samples and posterior
fat samples were analyzed for chlordane and showed levels of

.27 mg/100 ml and 3.1 mg/kg of body weight, respectively.
Serum alkaline phosphatase levels were also elevated, after

three months of observations.

Following 94 days of exposure, chlordane levels in the serum

showed a drop from 2.7 mg/l to 0.017 mg/l. Fat deposition of

chlordane was shown to increase from 3.1 mg/kg to 65.0 mg/kg
from the first to the eighth day and decreased to 25.5 mg/kg
by the 94th day. The ratio of chlordane in fat vs. blood was

260.

Another accidental ingestion of chlordane in a young girl is

reported by Aldrich and Holmes (1969). A 4-year old drank an

unknown quantity of 45% chlordane. Clinical symptoms were

similar to the previous incident except there was no spontan-
eous vomiting. Initially urine concentrations of chlordane
were high, 1.9 mg/kg, but fell rapidly to .05 mg/kg on the

third day, although a urine sample obtained on the 40th post-

ingestion day revealed a rise to 13 mg/kg. Serum half-life

of chlordane in this patient was found to be approximately
88 days.

Wang and McMahon (1979) studied a cohort of workers employed
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in the manufacture of chlordane and heptachlor between 1946
and 1976. Data obtained from the death records, social secur-

ity records, employment history of 1,403 workers employed for

longer than three months in the production of the two com-

pounds, indicated an excess of lung cancer which was not con-
sidered statistically significant (12 observed, 9 expected).
However, there were statistically significant excess deaths
from cerebrovascular diseases (17 observed, 9.3 expected).

The acute oral LD50 of chlordane is 335 + 40 mg/kg for male
rats and 430 mg/kg body weight for femal rats (Gaines, 1960).
The oral LD50 for mice is 430 mg/kg body weight.

Ambrose et al. (1953) investigated cumulative effects resulting
from the daily gastric intubation of doses of 6.25, 12.5, 25.0,
50.0, i00.0 or 200 mg/kg of chlordane in albino rats for 15
days. Six groups of rats, with five rats in each group, re-
ceived one of the concentration in cottonseed oil. Rats re-

ceiving 25 mg/kg or less of chlordane for 15 daily doses shorted
no toxic reactions as exhibited by parameters evaluated:
tremors, convulsions, or death. However, the investigators
stated that the adverse effect of chlordane was noted in the

liver on histological examination at all levels. The effect
consisted of presence of abnormal intracytoplsmic bodies in

the liver cells. These bodies ranged in size from small rirg-
like structures to large rings or skeins of eosinophilic
hyaline material of greater size than the nuclei of the cells.

The investigator further stated that there was a positive cor-

relation between the oral dosage received by each group of
rats and the number and size of the liver cell inclusions.

The effects of chlordane on the metabolism of estrogens in

rats and mice have been studied by Welch et al. (1971). The

daily administration of 2 or 5 mg/kg of chlordane intraperi-
toneally for 7 days reduced the uterotropic action of tritiated

estrone and decreased the concentration of tritiated estrogen
in the uterus. The total body metabolism of tritiated estrogen
was enhanced in rats pretreated (intraperitoneally) with I0 or

50 mg/kg of chlordane daily for 7 days.

Longer-term Exposure

Hyde and Falkenberg (1976) studies the neuroelectrical distur-

bance due to chlordane exposure upon cerebro cortical areas in

rats. Adult male rats with chronically implanted electrodes
were treated with intraperitoneal injections of chlordane to

examine its influence on spontaneous electrocortical activity.

In the first experiment, the investigators found that when an

intraperitoneal injection of 350 mg/kg body weight was given to

adult male rats marked behavioral changes culminated in death





within lhour. Clinical signs, consisting of mild tremors and
disorientation appeared within a few minutes of treatment.

Clonic convulsions and recurrent ataxia predominated for a

short period (36-40 minutes post injection) followed by a

resumption of earlier signs until death. These animals also
showed signs of intense and progressive hyperpnea.

The investigators stated that the behavioral toxicity was re-

flected in electrographic events from the cerebral hemispheres.
Electrocortical disturbance appeared upon injection and general-
ly preceeded or paralleled clinical signs of poisoning.

In a second experiment, Hyde and Falkenberg (1976) subjected
unanesthesized rats (with implanted electrodes) daily to low-

level intraperitoneal injections of 0.15, 1.75 or 25.0 mg/kg
of chlordane for 42 days. Electroencephalogram (EEG) monitored

from unanesthetized rats exposed to the above doses revealed

dose-dependent alterations of brain potentials without behav-

ioral signs of toxicity. Mean spontaneous activity from all

montages was significantly increased after 42 days (47-80%
above pre-dosage and control values). Changes included a

progressive shift toward fast beta rhythms (> 25 Hz), reduc-

tion of delta (0.5-3 Hz), and theta (4-7 Hz) frequencies,
.elevation of amplitude and replacement of sinusoidal waves by
sharp, complex discharges. These changes wege directly dose

related. Termination of chlordane exposure failed to stimulate

recovery of EEG. Instead, significant deviations from controls

continued 60 days after withdrawal. The investigators con-

cluded that chlordane is a persistent neurotoxin and that

electrocerebral disturbance are an early and sensitive indica-

tor of chlordane toxicity.

Mahon et al. (1978) reported results of studies lasting 20

weeks in rats receiving chlordane alone and in combination with

carbon tetrachloride. A dose of 0.i mg/kg/day equivalent to

.05 mg/kg/day of each of the two isomers (alpha and gamma) was

fed twice weekly to male rats. Half the animals (8) in each

group were sacrificed at i0 weeks exposure and the remaining

animals received chlordane for another i0 weeks. A dose of

0.i mg/kg/day, equivalent to 0.05 mg/kg/day of each of the two

isomers (alpha and gamma) of chlordane, failed to show any
evidence of hepatic fibrosis or necrosis. Levels of serum

glutamic pyruvate transaminase and alkaline phosphatase were

monitored. After ten weeks, the enzyme levels were very simi-

lar to but not significantly different from controls. Concur-

rently, there was shown to be small but significant depression
of microsomal protein in the liver tissue when compared to

normal controls after ten weeks of exposure, and a larger, more

significant depression after twenty weeks of exposure (P < .05).
Cytochrome P-450 levels were slightly above normal levels after

ten weeks and after twenty weeks were a little below the con-

trol values.





In a chronic exposure study (Ingle, 1952), six groups of rats

(20 males and 20 females) were fed food impregnated with

chlordane at levels of 0, .37, .80, 1.8, i0.0 or 20.0 mg/kg/

day. After 2 years, the animals were killed and examined for

pathological changes. There was a marked toxicity at the i0.0

and 20 mg/kg level. Death rates were significantly higher at

i0.0 and 20 mg/kg than the controls (P < .05). Mortality among

rats at .37, .80 and 1.8 ppm was not significantly different

from the controls. Significant enlargement of the liver and

kidneys were noted in rats at i0.0 and. 20.0 mg/kg chlordane

(P < .05). Histological examination of the liver of animals

on various dose levels of chlordane revealed liver cell hyper-
trophy in the centrolobular area, increased oxyphilia and

hyalinization of the cytoplasm and bile duct proliferation.
The severity of pathological changes were dose related and

found at dose levels of .80, 1.8, I0.0 and 20.0 mg/kg of

chlordane. No significant histological changes in the liver

were observed at lowest dose level, .37 mg/kg chlordane.

In another chronic exposure study (Vettorazzi, 1975), five

groups of dogs were given chlordane in diet at levels of 0,

0.0075, 0.075, 0.375 or 0.75 mg/kg/day. After 2 years, the

animals were sacrificed and examined for gross and histological

changes. There were no pathological changes in the liver of

dogs at dose level .075 chlordane. However,-increased liver

weight and histopathological changes in the liver of animals

at dose level, 0.375 mg/kg, were observed. These changes were

also present at a higher dose level.

Carcinogenicity

A dose-dependent incidence of hepatocellular carcinoma in male

and female strain B6C3FI mice fed diets containing analytical

grade chlordane was reported by the National Cancer Institute

(NCI, 1977). The results of this study as well as that in the

rat (NCI, 1977) are given below:

Mice: Groups of 50 male and 50 female B6C3FI hybrid ice, 5

weeks of age, were fed analytical-grade chlordane, consisting

of 94.8% chlordane (71.7% cis-chlordane and 23.1% trans-

chlordane), 0.3% heptachlor, 0.6% nonachlor, 1.1% hexachloro-

cyclopentadiene, 0.25% chlordene isomers and other chlorinated

compounds for 80 weeks. Matched controls were used during the

tests. Hepatocellular carcinoma showed a highly significant

dose-related trend for the mice. Male mice fed a time-weighted

average concentration of 56 mg/kg chlordane in the diet for 80

weeks exhibited an 88% (43/49) incidence of liver tumors,

compared with an 11.1% (2/18) incidence in matched male con-

trois. In the same experiment, males fed a time-weighted

average concentration of 30 mg/kg chlordane in the diet for 80

weeks exhibited a 33% (16/48) incidence of liver tuors.





Female mice fed a time weighted average concentration of 64
mg/kg chlordane in the diet for 80 weeks exhibited a 69%
(34/39) incidence of liver tumors, as compared with a 0%
(0/19) incidence in matched female controls. Female mice fed
a time-weighted average concentration of 30 mg/kg chlordane
in the diet for 80 weeks exhibited a 6% (3/47) incidence of
liver tumors.

In another study reviewed by Epstein (1976), the data generated
a positive response of the ability of chlordane to cause can-
cer in CD-I mice. Groups of I00 male and I00 female Charles
River CD-I mice, 6 weeks of age, were fed technical-grade
chlordane at three dose levels; 5, 25 and 50 mg/kg diet, for
18 months. A dose-related increased incidence of liver modules
was reported in the 25 and 50 mg/kg diet test groups; a dose-
related increased incidence of hepatocytomegaly was found in

all test groups; and a dose-related increased incidence of
nodular hyperplasia, which was statistically significant at the
25 and 50 mg/kg diet levels (P < 0.01), was reported. Subse-
quent re-evaluation of the histology of this study, however,
revealed a significant incidence of heaptocellular carcinomas

compared with controls. In males receiving 0, 5, 25 or 50
mg/kg diet, hepatocellular carcinomas were found in 3/33, 5/55,
41/52 and 32/39 animals, respectively; in females, the respec-
tive incidences were 0/45, 0/61, 20/35 and 26-/37.

Rats: Groups of 50 rats of each sex were administered low or

hig concentrations of chlordane for 80 weeks and then observed

for 29 weeks. Time-weighted average doses used for the male
rats were 203.5 and 407.0 mg/kg, while the female rats received
120.8 and 241.5 mg/kg. The effects of chlordane on body
weights and other clinical signs indicated that the dosages
used were near the maximum permissible. Contrary to findings
in mice, hepatocellular carcinomas failed to appear at a signi-
ficant rate of incidence in rats administered chlordane.
Further, the number of hepatic lesions in rats did not become
significant with the inclusion of nodular neoplasia.

Reproductive and Teratogenic Effects

In another study, Ambrose et al. (1953) reported the results of

pregnancy responses of rats receiving a diet containing 16 mg/
kg/day chlordane. Six pairs of weanling male and female rats

were placed on a diet containing 16 mg/kg chlordane for 120
days and then mated, either with rats who had not received

chlordane or with rats on chlordane treatment. The investiga-
tors stated that litters from both mating did not reach term

from first-generation rats and concluded that (i) chlordane in

the diet (16 mg/kg) of male and female rats from weaning

appears to interfere with fertility and (2) the mating of

female rats on the basic diet with male rats on the chlordane





diet from weaning as well as the mating of female rats on the

chlordane diet from weaning with male rats on the basic diet

indicate that chlordane interferes with both fertility and

survival of the litters.

Mutagenicity

When chlordane was administered in a single dose of 50 or i00

mg/kg body weight to Charles River CD-I male mice, and subse-

quently mated with untreated female mice, no dominant lethal

changes were produced among the offsprings (Arnold et al.,
1977). In another study, Epstein et al. (1972) reported that

the cis-chlordane (42, 58 and 290 mg/kg body weight, delivered
intraperitoneally or 5 daily oral doses at 75 mg/kg body weight)
or the trans-isomer (5 daily oral doses of 50 mg/kg body weight)
had any significant effect in the dominant lethal assay in mice.

Studies with SV-40 transformed human cells (VA-4) in culture

showed that chlordane (i, i0, i00 and I000 um solution) induced

unscheduled DNA syntheses indicating that chlordane is a poten-

tial mutagen (Ahmed et al., 1977).

EPA- SNARL Development

The toxicity of chlordane appears to be manifested as liver

toxicity and/or central nervous system toxicity. Carcinogen-

icity bioassay results indicate that chlordane is a potential
carcinogen in animals.

Satisfactory dose-response data are not available fro which an

EPA-SNARL can be derived for one- and ten-days. However, in

order to have some guidelines available to direct a response in

the case of a spill or accidental contamination, it has been

decided to develop a ten-day EPA-SNARL for chlordane based upon
the Ambrose et al. (1952) study in rats. The toxic effects

resulting from daily gastric intubation of doses 6.25, 12.5,
25.0, 50.0, i00.0 or 200 mg/kg chlordane in rats for 15 days

were histological changes in liver of animals (all dose levels)

and central nervous system effects at higher dose levels, the

minimal histopathological changes such as presence of abnormal

intracytoplasmic bodies of various diameter were evident at

dose levels of 6.25 mg/kg. For this reason, this dose level

will be used in the development of a ten-day EPA-SNARL and a

safety factor of i000 will be applied in the calculation value

since data are for the animals rather than human.

In calculating the EPA-SNARL, children are assued to be expo-
sure subjects, since animal studies and a human case histories

suggest that, in this case, children appear to be a sensitive





i0

population which needs to be protected from adverse health

effects. Furthermore, since experimental studies in animals

have shown that gastrointestinal tract absorption of chlordane

is approximately 90%, it is assumed that 100% of chlordane is

absorbed through the gastrointestinal tract in humans.

Accepting 6.25 mg/kg as the minimal toxic effect dose, calcu-

lations of an EPA-SNARL for a i0 kg child, consuming one liter

of water, are given below:

Calculations:

6.25 mg/kg x I0 kg 0.0625 mg/liter
1 liter/day x i000

63 ug/liter

It should be noted that this SNARL for short-term exposure is

also applicable for a one-day EPA-SNARL in view of the metab-

olism studies of Barnett and Dorough (1974) and Tashiro and

Matsumura (1977).

Longer-term SNARL:

A longer-term EPA-SNARL of 8 ug/l (rounded from the computa-

tion) for a child can be estimated from a dog study (Vettorazzi,

1975). In a two year study in dogs, there was no increase in

liver weight and histopathological changes in the liver of

animals at a dose level of .075 mg/kg chlordane. However,

these changes were prominent at higher dose levels. The calcu-

lations for a longer-term SNARL are:

0.075 mg/kg x i00% x i0 kg .0075 mg/liter
i liter/day x i00

where 0.075 mg/kg no observed effect
100% assumed gastrointestinal tract absorption

i0 kg body weight of child
i00 uncertainty factor due to animal study

where no adverse health effect was observed

Quantification of carcinogenic Risk:

The National Academy of Sciences (NAS) and EPA’s Carcinogen

Assessment Group (CAG) have calculated projected incremental

excess cancer risks associated with the consumption of a spe-

cific chemical via drinking water by mathematical extrapola-

tion from high dose animal studies. Using the risk estimates

generated by the NAS (1977) where the multi-stage model was

utilized, range of chlordane concentration was computed that





would normally increase the risk of one excess cancer per mil-
lion (106), per hundred thousand (105) or per ten thousand
(104) people over a 70-year lifetime, assuming daily consump-
tion at the stated exposure level. From the NAS model, it is

estimated at the 95% confidence limit that consuming two liters
per day over a lifetime having a chlordane concentration of 2.8
ug/l, .28 ug/l or .028 ug/l would increase the risk of one ex-
cess cancer per I0,000, i00,000 or 1,000,000 people exposed,
respectively. Using the revised CAG approach and thus the
"improved" multi-stage model, it can be estimated at the 95%
confidence limit that consuming two liters per day over a life-
time having a concentration of 2.3 ug/l, 0.23 ug/l or 0.023
ug/l would increase the risk of one excess cancer per i0,000,
i00,000 or 1,000,000 people exposed, respectively.

Analysis

Chlordane can be analyzed by a method developed for the deter-
mination of organochlorine pesticides and polychlorinated bi-

phenyls (PCB) (Federal Register, 1979). Even though this

method is suggested for the determination of these compounds
in wastewater, i is equally applicable for chlordane analysis
in drinking water.

The water sample (i liter) is extracted 3 times with an organic
solvent, methylene chloride, and the pooled organic phase ex-

tract is concentrated over 100-folds using Kuderna-Danish
apparatus. The volume of concentrate is adjusted to i0 ml with

methylene chloride prior to gas chromatographic analysis. The

recommended parameters for gas chromatographic analysis of
chlordane are as follows:

Packing Material:
supelcoport.

1.5% SP-2250 + 1.95% SP-2401 on 100/120 mesh

Column Length: 180 cm long x 4 mm I.D. glass column.

Column Temperature: 200 C

Detector: Electron Capture or halogen-specific detector.

Limit of Detection (Lower): Approximately 0.04 ug/l.

Treatment:

(Forthcoming from STB.)
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Conclusions and Recommendations

The EPA-SNARL for chlordane has been developed for short-term
and longer-term exposure. The potential for carcinogenicity

of this substance has not been consideredin the development
of this EPA-SNARL. The short-term EPA-SNARL is 0.063 mg/liter
for chlordane and is based on histological changes in the liver

of animals. This short-term value is applicable to both one-

and ten-day chlordane exposure level in drinking water. The

longer-term EPA-SNARL value is 0.008 mg/liter and is based on

a 2-year feeding study in dogs. This EPA-SNARL value, 0.008

mg/liter of chlordane in drinking water, is comparable to

FAO/WHO’s Acceptable Daily Intake (ADI) value of 0.010 mg/kg
for humans (0.001 mg/kg x i0 kg body weight of child O.010
rag).
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Advisory Opinion for 1,2-Dichloroethane
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

June 22, 198]

OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This information susgests the level
of a contaminant in drinking water at which aoverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the
generl population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for
selected contaminants in drinking water. An EPA-SNARL and a
NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-SNARLs are established for a i0 kg body
weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data
exist. A SNARL does not condone the presence of a contaminant
in drinking water, but rather provides useful information to
assist in the setting of control priorities in cases where
contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an
identified drinking water contaminant, the Office of Drinking
Water develops EPA-SNARLs following the state-of-the-art con-
cepts in toxicology for non-carcinogenic risk for short and
longer term exposures. In cases where a substance has been
identified as having carcinogenic potential, a range of esti-
mates for carcinogenic risk based upon lifetime exposure as
developed by the NAS (1977 or 1980) and/or EPA Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the
EPA-SNARL calculations for all exposures ignore the possible
carcinogenic risk that may result from these exposures. In
addition, EPA-SNARLs usually do not consider the health risk
resulting from possible synergistic effects of other chemicals
in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not
issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum
Contaminant Levels (MCLs). The latter must take into account
occurrence, relative source contribution factors, treatment
technology, monitoring capability, and costs, in addition to
health effects. It is quite conceivable that the concentration





set for EPA-SEARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as aaditiona! inioation
becomes available. In short, EPA-SNARLs are ofered as advice

to assist those such as Regional and State environmental and

health officials, local public oflicials,, and water treatment

+/-acilitv personnel who are responsible or the protection oi

public health when dealing with specific contamination situa-

tions.

General Information and Properties

Dichloroethane (1,2-) (I,2-DCE; ehtylene dichloride) is a

colorless liquid with a sweet taste and chlorolorm-like odor.
Its solubility in water is 9 g/liter at 20 C, and it is

completely miscible with ethanol, chloroform, ethyl ether,
and octanol (Irish, 1963). 1,2-Dichloroethane has a molecular
weight oi 98.97, a specific gravity ol 1.24 g/ml at 20 C,
and a boiling point of 83.5 C. It is a moderately volatile

compound with a vapor pressure o 87 torr at 25 C. A con-
centration of 1 part per million in air is equivalent to 4.05
rag/m3. One milligram per liter of air is equivalent to 247
parts per million.

The present occupational standard for 1,2-dichloroethane is

50 ppm (200 rag/mS) for an 8-hours/day exposure (U.S. DOL, 1972;
ACGIH, 1977).

Sources of Exposure

Municipal water supplies were tested for 1,2-DCE as well as
other organic compounds in two EPA surveys, the National
Organics Reconnaissance Survey (NORS) in 1975 and the National

Organic Monitoring Survey (NOMS) in 1976-77. NORS analyzed
both raw and finished water samples by gas chromatography in

80 U.S. cities. At a detection limit of 0.i ug/liter, 1,2-

DCE was detected in 14% ol the raw samples and 32.5% of the

finished .samples. The highest concentration reported in

finished water was 6 ug/liter. However, of the 26 finished

water samples in which 1,2-DCE was detected, 24 had concen-

trations of less than i ug/liter (Symons et al. 1975).

The NOMS examined 113 community water supplies in three sam-

pling an analysis phases (Mello, 1978). Dichloroethane was

detected at concentrations of 0.9-4.3 ug/l in i0 of the 435

total samples gathered in all three phases of the suey.

1,2-DCE has been reported in 53 of 204 samples taken from sur-

face waters near industrialized areas (Ewing et al. 1977).
The concentrations of 1,2-DCE ranged from 1-15 ppb, except





for one sample Irom the Delaware River which was reported at

9 0 ppb.

The presence oi i,2-DCE in the environment appears to be caused
by anthropogenic activities; no natural source of this chemical
has been reporte. Environmental releases o! 1,2-DCE result
prilarily from the direct production and use ol this chemical.
Releases have also been suggeste to occur from processes sch
as chlorination of organics in raw water during treatment,
incineration o chlorinated products, .or production of 1,2-DCE
as a by-product of other chemical processes. Although these
processes may release 1,2-DCE to lan, water and air, much o
the land and water releases will vaporize into the atmosphere.

The concentration of 1,2-DCE in air distant from point sources
has generally been below the detection limit o currently used

analytical methods, about .i ppb (0.5 ug/m). However, ambient
levels near production and user lacilities ranged as high as

200-500 ug/m in a 10-day study at Lake Charles, Louisiana
(PEDCo, 1979).

The potential exists for small quantities of 1,2-DCE to remain
in agricultural products after umigation. Lindgren et al.
(1968) reported .that wheat flour retained about 1,000 ppm
1,2-DCE one hour after termination of fumiga-ion. Seven days
after treatment, the levels had dropped to 22 ppm for surface
samples and 46 ppm for center samples. No dichloroethane was
found in bread baked from flour treated with 1,2-DCE seven
days before use. In another study (Munsey et al. 1957), 1,2-
DCE was added to flour at a concentration of 40 ppm. Bread

prepared from the treated flour contained less than 2 ppm
residual. However, quick-cooling rolled oats treated with 61
ppm 1,2-DCE retained 32-33 ppm of the substance through the

cooking process (Munsey et al. 1957). In a third study (Storey
et al. 1972), soybeans, fumigated with 1,2-DCE, aerated and

stored overnight, were reported to contain 51 ppm 1,2-DCE
residual.

Human milk was reported to contain 1,2-DCE when nursing
mothers were exposed to the chemical by inhalation (Urusova,
1953). Women, number not stated, were exposed to 63 rag/m3 ol

1,2-DCE for I hour. Milk samples taken 0.5-2.5 hours alter

exposure showed concentrations of 1,2-DCE of 5.4-6.4 rag/liter.
In some cases, 1,2-DCE was detected at levels of 2-6 mg/liter
18 hours after exposure.

Metabolism/Pharmacokinetics

1,2-Dichloroethane is absorbed by humans and laboratory animals

through the lungs (Spencer et al. 1951, Urusova, 1953) gastro-
intestinal tract (Alumot et al. 1976) and skin (Urusova, 1953).





The proportions of a dose ol 1,2-DCE absorbed through the skin
ane gastrointestinal tract are unknown. The nature ol its
other chemical and physical properties would suggest that

signilicant amounts of this substance would be absorbed when
ingested. Therefore, in the development of a SNARL for 1,2-
dichloroethane, i will be assumed that 100% oi any dose
ingested will be absorbed by the exposed individual.

Action on halogenated ethanes by the cytochrome P-450 depenaent
mixed function oxidases (MFOs) would be expected to yield 2-
haloacetaldehyde initially (Hill et al. 197). Thus, 2-chloro-
acetaldehyde could result from the metabolism ol 1,20dichloro-
ethane. Dehydration to 2-chlorocetic acid may occur (Yllner,
1971) or further reaction with glutalthione may form s-carboxy-
methylglutathione, which may be further metabolized to s-car-
boxymethylcysteine and thiodiacetic acid (Yllner, 1971; Anders
an Livesey, 1980). It is suggested that at least two reactive
metabolites are formed during the metabolism of 1,2-DCE.

The distribution of the chemical in various tissues was meas-
ured after a single oral dose of 150 mg/kg of 1,2-DCE in corn

oil given to rats (Reitz et al. 1980). The liver and kidneys
were reported to have the highest concentration 48 hours after

dosing, ollowed by the forestomach, stomach and spleen. Organ
distribution of I,2-DCE followed the same pattern when rats

inhaled a dose of 150 ppm (608 rag/m3) for six hours. It would
seem, then, that the target organs for dichloroethane do not

vary with different routes of exposure. However, it can be
shown that the amount of 1,2-DCE reaching any one target organ
may differ as a function ol dose and route of exposure. Maxi-

mum blood levels of 8-9 ug/ml were measured during the six-hour

inhalation exposure at 150 ppm, the steady-state peak being
reached in 2-3 hours (Reitz et al. 1980). On the other hand,
Spreafico et al. (1980) showed that blood levels of nearly 70
ug/ml were attained within 45 minutes after ingestion of 150
mg/kg DCE. Maximum blood levels were reached more quickly at

lower doses of 25 or 50 mg/kg, as could be expected. Also,
the peak reached was not as high as after 150 mg/kg (13 ug/ml
after 25 mg/kg; 32 ug/ml after 50 mg/kg). Similar proportional
increases occur in tissue levels as measured in adipose, tissue,

liver and lung after each of the three doses.

1,2-Dichloroethane has been shown to .be metabolized rapidly and

excreted. Mice injected intraperitoneally with 0.05-0.17 g/kg
1,2-DCE were reported to exhale 10-42% of the initial dose un-

changed within 24 hours (Yllner, 1971). By .24 hours after
dosing, 93-96% o labele 1,2-DCE was excreted either unchanged
or as metabolites. Reitz et al. (198.0) reported that 96% of

the radioactivity from a single 150 mg/kg oral or a 150 ppm six

hour inhalation exposure of rats to labeled 1,2-DCE was elimin-

ated from the body within 4 hours. It is unlikely therefore
that substantial bioaccumulation of 1,2-DCE occurs after a

single exposure.
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Health Effects

The toxic effects of 1,2-DCE iron both acute and chronic ex-
posure include liver and kidney dysfunction accompanied by
circulatory damage. These efects have been docu1,ented in
human and animal subjects (Plaa and Larson, 1965; Yodaiken
and Babcock, 1973). The compoun0 is a+/-so reported to cause

conjunctival irritation in humans exposed by inhalation

(Irish, 1963) and corneal clouding in Oogs exposed by sub-
cutaneous injection (Kuwabara et al. 1968). Exposure to 1,2-
DCE is also reported to cause headache, dizziness and nausea
and vomiting in humans (Irish, 1963). If exposure is con-
tinued, death may result from respiratory or circulatory
lailure (Yodaiken and Babcock, 1973).

Short-term Exposure

HvJan ingestion ol 1,2-DCE has been documented in various

case reports (Yodaiken and Babcock, 1973; Hueper and Smith,
1935; Lockhead and Close, 1951). The chemical has been

ingested under different circnstances (e.g., recreational
use, suicide att_empts) by persons ol diverse occupations and

ages. Adverse effects also have been reported to result
Irom occupational exposure by inhalation or dermal absorption.

Yodaiken and Babcock (1973) reported on the lethal exposure to

1,2-DCE of a 14-year old male who drank 15 ml (340 mg/kg) of
the liquid to "get high". Despite supportive treatment, the
patient died on the sixth day after ingestion of the chemical.
During treatment, serum enzyme levels increased, blood glucose
decreased, serum calcium levels increased and blood clotting
time increased. Autopsy findings included extensive necrosis
ol the liver and epithelial cell damage in the entire cortico-

tubular structure of the kidneys-accompanied by degeneration
in the proximal tubules.

Non-fatal cases of poisoning by ingestion have been reported
in the literature, but all as described in NIOSH, 1976, are in

foreign language journals an are unavailable for evaluation

at this time (lenistea and Mezincesco, 1943; Bloch, 1946;
Stuhler’t, 1947; plus others).

The effects of acute oral exposure to 1,2-DCE in rats were
reporte by Johnson (1965). Four female rats, strain unspeci-
fied, were gavaged with 1,2-DCE (400 mg/kg) dissolved in

arachis oil, glycerol formal or normal saline and killed 2
hours after dosing. The concentration of glutathione in liver

decreased to 53, 81, 40 and 34% of control levels in the four

animals. The dose of 400 mg/kg was roughly one-half the LD50.





6

Longer- term Exposure

Alumot et al. (1976) reported the effects of subchronic and
chronic exposure to feed fumigated with 1,2-DCE. In the sub-
chronic experiment, groups oi six rats were fed a diet con-

taining 300 or 600 mg of 1,2-DCE/kg of feed for 5 weeks or

1,600 mg of 1,2-DCE/kg of feed for 7 weeks. The fumigated
feed was stored in air-tight containers; 1,2-DCE loss during
the storage period of 7-10 days was determined to be 5%. The
animals were allowed access to the feed onlv at set time inter-

vals so that loss of 1,2-DCE by volatilization would be minimal.
However, the authors did not calculate a conversion of dosages
from mg/kg of feed to mg/kg of body weight using average body
weight, amount of food consumed, and the volatilization of the

substance from the feed. Therefore, one cannot establish the

actual dosage of 1,2-DCE administered. At the end of the

experiment the animals were killed. The animals fed the high-
est dosage, 1,600 mg/kg of feed, showed a 15% increase in liver

fat. No effects were seen at the two lower doses.

In the chronic exposure (Alumot et al. 1976), groups of 36 rats

(18 male and 18 female litermates) were fed mash containing
1,2-DCE at 0, 250 and 500 mg/kg of feed. After 2 years, the

surviving animals were killed. Serum values, for glucose, pro-
tein, albumin, urea, uric acid, cholesterol, glutamic-oxalo-
acetic transaminase and glutamic-pyruvic transaminase in the
treated animals did not differ from those in controls. No
fatty livers were detected in the treated animals. Thus, in

the tests used, the authors found no biochemical or histopath-
ological abnormalities attributed to 1,2-DCE exposure. However,
interpretation of the results was complicated by the widespread
incidence of chronic respiratory disease in the animals and low
survival rates (12 and 17%, respectively, for males, 56 and 67%,
respectively, for females). Although the authors report no

adverse effects at either dose, this conclusion can be ques-
tioned because of the poor survival and chronic infection of
the experimental animals.

Additionally, lack of detailed data (as discussed previously)
prevented conversion to mg/kg of body weight dosage units.

Thus a dose-response relationship is difficult to establish.

The authors propose an acceptable daily intake for 1,2-DCE of

25 mg/kg, but offer no detailed rationale for this amount.

Carc inogen ic ity

1,2-DCE has been shown to be carcinogenic in rats and mice when

administered orally (NCI, 1978) but non-carcinogenic when ad-

ministered by inhalation (Maltoni et al. 1980).

1,2-DCE at doses Of 47 or 95 mg/kg/day was administered in corn





oil by gavage five times weekly to 50 Osborne-Mendel rats of
each sex for 78 weeks followed by an observation period of 23
weeks for males and 15 weeks for females. A statistically
significant increase in the incidence of squamous cell carcin-

ome of the forestomach and hemangiosarcoma of the circulatory
system was observed in male but not female rats (P < 0.04).
The female rats had a significantly increased incidence of
adenocarcinoma ol the mammary glands (P < 0.002) (NCI, 1978).

In a complementary gavage study,.50 hybrid B6C3FI mice of each
sex were dosed five times weekly for 78 weeks with 195 or 97
mg/kg/day in corn oil for male mice and 299 or 149 mg/kg/day
in corn oil for female mice. The mice were observed for 12-13
weeks following cessation of the treatment. A statistically
significant increase in the incidence of mammary adenocarcinoma
(P < 04) and endometrial stromal polyps or sarcomas (P < .016)
was seen in the female mice; the incidence of alveolar/bronchi-
olar adenomas was increased in both sexes (P < 0.028) (NCI,
1978).

In a study of inhalation exposure, Swiss mice or Sprague-Dawley
rats of each sex were exposed to 607.5, 202.5, 40.5 or 20.3
rag/m3 of 1,2-DCE for 7 hours daily, 5 days per week for 78
-weeks. At the end. of the exposure period, the animals were
allowed to live out their natural lives. In no case did the
incidence of a particular type of tumor appear to be dose-
related (Maltoni et al. 1980).

Mutagenicity

Brem et al. (1974) found 1,2-DCE to be weakly mutagenic in
Salmonella typhimurium (Strain TA 1530, TA 1535 and TA 1538)
and in DNA polymerase deficient Escherichia coll. A more
recent study (Rannug and Beije, 1979- extends these results.
1,2-DCE was added to the perfusion fluid for isolated, per-
fused rat liver. Bile samples taken 15-30 minutes after ad-
dition of the chemical to the perfusion system were highly
mutagenic when incubated with . t_himurium strains TA 1530
and TA 1535. Samples of the perfusion fluid containing 1,2-
DCE were only weakly mutagenic. The authors concluded that
the highly mutagenic substance excreted in the bile was a

glutathione conjugate of 1,2-DCE.

As a result of the glutathione dependent metabolic process, the
episulfonium ion would be formed which would be highly reactive

and could play a role in the compound’s mutagenic activity
(Rannug et al. 1978; Rannug and Beije, 1979; Rannug, 1980).
In addition, 2-chloroacetaldehyde, when formed during oxidative
metabolism by the P-450 MFOs, would also be reactive. It has
been suggested that this substance is involved in the covalent
binding to tissue macromolecules (Hill et al. 1978). Further-





more, this compound has been sho’n to be mutagenic (McCann
et al. 1975).

In addition, 1,2-DCE has been shown to induce sex-linked re-
cessive lethals in Drosophila melanqgaster larve and adults
(Rapport, 1960; Shaarnis, 1969; 1970).

Yeratogenicity

Alumot et al. (1976) iound no teratogenic or reproductive
effects, as measured by the percentage of lemale bearing
litters, litter size, mortality of young, or body weight of
young, in rats fed diets containing 250 or 500 ppm 1,2-DCE for
two years. As mentioned earlier, incomplete documentation of
the study prevents one from stating with certainty exactly how
much chemical the animals actually ingested.

SNARL Development

The toxicity of .I,2-DCE appears to be manie.sted principally as
liver and kidney dysfunction, an, especially after acute expo-
sure, organ hemorrhaging apparently ue to interference with
the blood clotting mechanism. Carcinogenicity bioassay results
are equivocal, the oral studies suggesting that the substance
is an animal carcinogen, the inhalation studies having nega-
tive results.

No satisfactory dose response, no-elfect level data are avail-
able from which a SNARL can be written for any duration of ex-
posure. None of the accounts of occupational exposure include
adequate information concerning dose or duration of exposure.
Most o the non-occupational ingestion case reports describe
fatal consequences or are in foreign language journals that are
inaccessible at this time. The Subcommittee on Toxicology of
the Safe Drinking Water Committee (NAS, 1980) declined to re-
commend a 24-hour, 7-day SNARL, concluding that there is insuf-
ficient information available to do so.

As mentioned above, the subchronic and chronic ingestion
studies of Alumot et al. (1976) in rats are seriously flawed.
The authors did not monitor volatilization of the compound
from the feed as it was being presented to the experimental
animals, only during the storage period; nor, is the amount of
feed consumed by the animals documented. Therefore, no accu-
rate determination of the amount of compound ingested per unit
of body weight of the animals can be made. For these reasons,
the Alumot study cannot be used as the only basis for the set-
ting of a longer-term SNARL. The National Academy of Sciences
(190) reached much the same conclusion, stating that "since
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the number of recent reports suggest that DCE may be a mutagen
=n/or a carcinogen," urther studies must be carried out
before a longer-term SNARL can be derived.

The National Acaderoy o! Sciences (NAS) and EPA’s Carcinogen
Assessment Group (CAG) have calculated projected incremental
excess cancer risers associated with the consumption of a spe-
cific chemical via drinking water by mathematical extrapolation
from high aose animal studies. Using the risk estimates gener-
ated by the NAS (1980) where the multi-stage model was utilized,
a range or 1,2-DCE concentrations can be computed that would
normally increase the risk of one excess cancer per million
(i06), per hundred thousand (105 ) or per ten thousand (104 )
people over a 70-year lifetime, assuming daily consumption at
the stated exposure level. The range of concentrations esti-
mated to represent the range of risks is shown in the table
below.

Drinking Water Concentrations and
Associated Cancer Risks

Excess
Lifetime
Cancer Risk

Range of Concentrations (ug/l*)
NAS

CAG NAS (point
(95% CL**) (95% CL) estimate)

10-4 95 70 140
10-5 9.5 7.0 14
10-6 0.95 0.7 1.4

* Assumes the consumption of two liters of water per day.
** Confidence limit.

A series of short-term and longer-term experiments with 1,2-DCE
on several end-points of toxicity have been carried by a group
of investigators over the past several years. Results from
these experiments should be available in July, 1981.

Experiments will soon be underway to investigate the effects of

1,2-DCE on clotting mechanisms. This study should provide no-
effect levels for this particular end-point of toxicity. As-
pects of cardiovascular toxicity may be addressed in the future
through a request for initiation of EPA-sponsored research.

The Health Effects Branch concludes, therefore, that because,
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in the opinion of its staff of toxicologists, there are no
satisfactoy data available at this time for the derivation and
subsequent scientific support of a 1-day, 10-day or longer-
ten SNARL, no SRLs will be developed at this time. Recon-
sideration of this decision will ensue when, and if, the long-
awaited experimental data become available, as promised, in

July, 1981.

Analysis

1,2-Dichloroethane can be analyzed by the purge and trap method
used for the determination of volatile organohalides in drink-

ing waters (Bellar and Lichtenberg, 1979; U.S. EPA, 1980b).
The volatile components are extracted by an inert gas which is

bubbled through the aqueous sample. The compounds are swept
from the purging device into a short sorbent trap. After a
predetermined period of time, the trapped components are ther-
mally desorbed and backflushed onto the head of a gas chromat-
ographic column and separated under programmed conditions.

The recommended primary columns for organohalide analysis do
not adequately resolve 1,2-DCE and chloroform when the concen-
tration difference between these compounds i larger than a

factor of ten. The column recommended for confirmatory anml-
ysis provides unique separation of 1,2-DCE from other organo-
halides, including chloroform, under these conditions. There-
fore, it is suggested that this column be used for the analysis
ofI,2-DCE in finished drinking waters. The recommended para-
meters for the analysis of this compound are detailed below:

Column: Six feet long x 0.i inch ID stainless steel or glass.

Packing: n-octane on Porisil C (100/120 mesh).

50 C isothermal for 3 minutes, then programTemperature
at 6 /minute to 170 C.

Carrier gas: Helium at 40 ml/minute.

Detector: Hall model electrolytic conductivity or other

halogen specific detector.

Sample volume: 5 ml.

The retention time for 1,2-DCE under the conditions specified
above is 921 seconds.

The purge and trap procedure is applicable to the measurement
of most organohalides over the concentration range of 0.I to

1500 ug/l when the Hall model electrolytic conductivity detec-

tor is used. Other halogen specific detectors are generally
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limited to measurements of 1.0 ug/l or above. Confirmatory
analysis by GC-MS or by a different analytical column is

highly recommended.

Treatment

The information available on the removal of 1,2-DCE from drink-
ing water is limited (U.S. EPA, !980c). 1,2-DCE is not easily
removed from water by aeration: for example, an air-to-water
ratio of 4:1 removed only 40 percent of the 1,2-DCE from con-
taminated well water. Absorption of 1,2-DCE on filters contain-

ing granular activated carbon and resins has been shown to be a
more effective means of its removal from drinking water. Fil-
tration through Witcarb R 950 granular activated carbon re-
sulted in an effluent concentration of 1,2-DCE below 0.I0 ug/
liter for 31 weeks as compared to an average influent concen-
tration of 1.4 ug/liter. Conventional coagulation and filtra-
tion were not effective in removing 1,2-DCE at average concen-
trations of 8 ug/liter from drinking water, but the use of a
full scale adsorber containing 76 cm of Westvaco WV-G granular
activated carbon was successful in reducing the 1,2-DCE con-
.centration to less. than 0.I ug/liter.

Conclusions and Recommendations

As stated above in the SNARL Development section, no satisfac-

tory no-effect level data are available from which to derive
SNARLs for 1,2-DCE at any duration of exposure. Therefore, the
Health Effects Branch has concluded that, at this time, no
SNARL for any duration will be developed.

Quite obviously, research is needed to identify no-effect
levels for the most sensitive end-points of toxicity, so that
SERLs can be developed. A series of short-term and longer-
term experiments with 1,2-DCE on several end-points of toxicity
have been carried out by a group of investigators over the past
several years. Results from these experiments should be avail-
able in July, 1981. Once the data from this study become avail-

able, they will be evaluated for possible use in the develop-
ment of SNARLs for this compound. If these data prove inade-

quate, further studies will have to be done in order to

identify no-effect levels.

Experiments will soon be underway to investigate the effects of
1,2-DCE on clotting mechanisms. This study should provide no-

effect levels for this particular end-point of toxicity.
Aspects of cardiovascular toxicity may be addressed in the
future through a request for initiation of EPA-sponsored
research.
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.Advisory Opinion ior Cis-l,2-Dichloroethylene
Oifice of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

September 22, 1982

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health

effects upon request, concerning unregulated contaminants

found in drinking water supplies. This information suggests

the level of a contaminant in drinking water at which adverse

health effects would not be anticipated. A margin of safety

is factored in so as to protect the most sensitive members of

the general population. The advisories are called Suggested
No Adverse Response LEvels (SNARLs). SNARLs have been calcu-

lated by EPA and by the National Academy of Sciences (NAS) for

selected contaminants in drinking water. An EPA-SNARL and a

NAS-SNARL may well differ due to the possible selection of dif-

ferent experimental studies for use as the basis for the cal-

culations. Furthermore, NAS-SNARLs are calculated for adults

while the EPA-SNARLs are established for a i0 kg bodyweight
child. Normally EPA-SNARLs are provided for_ one-day, ten-day

and longer-term exposure periods where available data exist.

A SNARL does not condone the presence of a contaminant in

drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where con-

tamination occurs. EPA-SNARLs are provided on a case-by-case

basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking

Water develops EPA-SNARLs following the state-of-the-art con-

cepts in toxicology for non-carcinogenic risk for short and

longer term exposures. In cases where a substance has been

identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA Carcinogen

Assessment Group (EPA, 1980a) is presented. However, the EPA-

SNARL calculations for all expo,ures ignore the possible car-

cinogenic risk that may result from these exposures. In addi-

tion, EPA-SNARLs usually do not consider the health risk re-

sulting from possible synergistic effects of other chemicals

in drinking water, food and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead

ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to

health effects. It is. quite conceivable that the concentration





set for EPA-SNARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as additional information be-
comes available. In short, EPA-SNARLs are offered as advice
to assist those such as Regional and State environmental and
health officials, local public officials, and water treatment
facility personnel who are responsible for the protection of
public health wne dealing with specific contamination situa-
tions.

General Information and Properties

Cis-l,2-dichloroethylene is one of three isomers of dichloro-
ethylene, .all clear, colorless liquids with the molecular
formula of C2H2CI 2 and a molecular weight of 96.95 (Irish,
1963). It is moderately soluble in water (3.5 g/l at 25 C),
but soluble in most organic solvents. The cis-isomer has a

vapor pressure of 208 Torr ( mm Hg) at 25 C and a boiling
point of 60 C. Its vapor density is 3.34, over three times
that of air, so that it will settle in low places in a still
atmosphere. Its specific gravity is 1.27 at 25 C. Thus,
it also would tend to sink in a still body of water.

Horsely (1947) lists a binary azeotrope with water (3.35%
water by weight, boiling at 55.3 C) and a ternary azeotrope
with water and ethanol (2.85% water, 90.5% cis-l,2-dichloro-
ethylene and 6.65% ethanol by weight, boiling at 53.8 C).
This isomer also forms an azeotrope with ethanol or methanol
alone.

In air, one (I) ppm is equivalent to 3.97 mg/m3 and one (I)
mg/l is equivalent to 252 ppm (Irish, 1963).

The existing threshold limit value (TLV) for the dichloro-
ethylenes in the United States is 200 ppm (794 mg/m3) (ACGIH,
1977).

1,2-Dichloroethylene, as a mixture of the cis- and trans-

isomers, is used as a solvent for such substances as fats, rub-
ber phenol and camphor and for retarding fermentation (Windholz
et al..1976). It also is used as a low temperature extraction
solvent for heat sensitive substances and has been employed as
a coolant, in refrigeration plants (Hardie, 1964).

Sources of Exposure

Cis-l,2-dichloroethylene has been detected in a number of raw
and finished drinking waters, principally from ground water
sources. During the National Organics Reconnaissance Survey
(NORS), this isomer was detected in Miami drinking water at
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16.0 ug/l (U.S. EPA, 1975). Concentrations of 0.I ug/l were

observed in samples from Cincinnati and Philadelphia; none was

detected in drinking waters from the other cities.

Cis-l,2-dichloroethylene was detected at an average concentra-
tion of 0.17 ug/l in three of 105 raw surface waters examine8
(2.9%) in a number of surveys (Coniglio et al. 1980). An
average of 0.66 ug/l was detected in five of 103 samples (4.9%)
of finished water from these surface water supplies. Of 13
ground water samples collected in 13 cities during one or more

of several surveys (NORS, NOMS, or the recent SRI survey con-
ducted for EPA), four (30.8%) of the samples were positive for

cis-l,2-dichloroethylene. Three samples contained less than
1 ug/l; one sample contained 37 ug/l.

Pellizzari (1978) found slightly higher levels of 1,2-dichloro-
ethylene (cis- and trans-isomers not distinguished) than l,l-
dichloroethylene during his air sampling survey. The maximum

amount of l,l-dichloroethylene measured was 2500 ng/m3 at Front

Royal, Virginia. Maximum concentrations of 1,2-dichloro-
ethylenes detected in various areas of the United States varied

from a trace (detection limit 260 ng/m3 or higher) near Magna,
Utah, South Charleston, West Virginia and Grand Canyon, Arizona,
to 5263 ng/m3 at the Kin-Buc Disposal Site in Edison, New
Jersey (an industrial site near an urban area).

No data are available on the presence of either isomer of 1,2-
dichloroethylene in foodstuffs.

Pharmacokinetics

Cis-l,2-dichloroethylene, as a neutral, low molecular weight,
lipid soluble material, should be systemically absorbed fol-
lowing any route of administration.

No pharmacokinetic data appear to exist which define the absorp-

tion rate of cis-l,2-dichloroethylene after oral exposure. How-

ever, pharmacokinetic studies based on urinary and biliary ex-

cretion data show that administration of a single oral dose of

l,l-dichloroethylene (I or 50 mg/kg) results in rapid and com-

plete absorption in rats and mice (McKenna et al. 1978b).
Rapid absorption and distribution of l,l-dichloroethylene after

intraperitoneal administration to rats also occurs (Jones and

Hathway, 1978). For purposes of SNARL development, then, we

will assume that cis-l,2-dichloroethylene is absorbed rapidly
and completely after oral exposure.

The absorption of gases from the lung is highly dependent upon
the blood:gas partition coefficient. Sato and Nakajima (1979)
showed that cis-l,2-dichloroethylene has a blood:gas partition
coefficient of 9.2 in.the rat. While it has a high blood





solubility, this chemical in air reaches a steady-state within
the whole rat in about 2 hours (Filser and Bolt, 1979).

Distribution data on cis-l,2-dichloroethylene are not avail-
able. However, if this isomer follows the same distribution
pattern as that observed for l,l-dichloroethylene, the highest
concentration would be found in the liver and kidney (McKenna
et al. 1978a). These studies were performed in rats, exposed
by inhalation to concentrations varying from 10-2000 ppm
(" 40-8000 mg/m3) for 2 or 6 hours.

Bonse et al. (1975) observed that metabolism of cis-l,2-
dichloroethylene in perfused rat liver produced detectable
amounts of dichloroethanol and dichloroacetic acid, possibly
indicating the initial formation of dichloroacetaldehyde.
Liebman and Ortiz (1977) have postulated the metabolic path-
ways for cis-l,2-dichloroethylene. One proposed pathway would
be conversion to a reactive epoxide intermediate, then to
monochloroacetyl chloride and monochloroacetic acid. The
authors also suggested that the production of dichloroacetalde-
hyde may occur by rearrangement of the glycol or the epoxide
with migration of a chloride ion. Their attempts to identify a

chromatographic peak as dichloroacetaldehyde were inconclusive.

An essential feature of the metabolic pathway is that the com-
pound appears to be metabolized to an epoxide intermediate
which is reactive and which may form covalent bonds with tissue
macromolecules (Henschler, 1977; Henschler and Bonse, 1977).
These authors have synthesized chemically the epoxides for both
isomers of 1,2-dichloroethylene; they believe that these
epoxides are formed in vivo during the metabolic process. Each
was inactive when te-6ed--r mutagenic potential in a modified
Ames system (Greim et al. 1975). However, these results only
added support to the hypothesis of Henschler and co-workers
that the epoxides with symmetrical chlorines are more stable
and less likely to be mutagenic. This does not exclude the
possibility that these symmetrical epoxides may still interact
with tissue macromolecules other than DNA, a process which may
result in some form of damage other than mutagenesis or carcino-
genesis.

There apparently are no published studies which test the inter-
action of the isomers of 1,2-dichloroethylene with DNA; nor are

there any which evaluate the interaction of these two isomers
with other tissue macromolecules.

No data concerning the excretion of cis-l,2-dichloroethylene
are available. The rate of elimination of l,l-dichloroethylene
is relatively rapid, with most of a dose being excreted in the
first 24-72 hours after cessation of exposure. One might
assume that cis-l,2-dichloroethylene would be eliminated at a
similar rate.





Health Effects

There are no published studies available to us at this time

which describe accidental, occupational or controlled expo-
sures to cis-l,2-dichloroethylene in humans by any route or
for any duration of exposure. At high concentrations (4000
ppm) central nervous system effects have been described from

unpublished data (Irish, 1963). this concentration was esti-

mated to be sufficient to rapidly produce a state resembling
drunkenness and was judged likely to result in unconsciousness
if exposure were continued.

Data on the toxicity of cis-l,2-dichloroethylene in animals

are severely limited. No LD50 values for the cis- isomer

alone have been published. The lowest lethal oral dose for

the mixture in the human (70 kg) is estimated to be 500 mg/kg
(McBirney, 1954).

Jenkins et al. (1972) tested the effects of single 400 or

1500 mg/kg oral doses of each isomer of dichloroethylene in

corn oil given to adult female Holtzman rats weighing 200-470 g.
Liver and plasma enzyme activities were determined 20 hours

after dosing. The cis- isomer appeared to exert a more potent
effect than did-the trans- isomer at the higher dose. No sig-
nificant difference between the two isomers was seen at the
lower dose. Each was less potent than l,l-dichloroethylene.
At 400 mg/kg, cis-l,2-dichloroethylene significantly increased

liver alkaline phosphatase to a level I0% above control (P <

0.05). At 1500 mg/kg, this isomer significantly decreased the

level of liver glucose-6-phosphatase to about 88% of control

(P < 0.05). Liver tyrosine transaminase was decreased to 80%
of control, and plasma alanine transaminase to 14% of control

(P < 0.05). Plasma alkaline phosphatase was not altered.

In an animal study reporting on the central nervous system
effect of the cis- isomer, the chemical did not anesthetize
rats in 4 hours at 8000 ppm ( 32,000 rag/m3), but at 16,000 ppm
( 64000 mg/m3), they were anesthetized in 8 minutes and kil-

led within 4 hours (Irish, 1963).

Freundt and Macholz (1978) showed that single 8-hour inhala-

tion exposures to cis-l,2-dichloroethylene at 200, 600 or I000

ppm ( 800, 2400 or 4000 mg/m3, respectively) concentrations
resulted in a dose-dependent and significant increase in hexo-

barbital sleeping time, zoxazolamine paraly.sis time and the

metabolic formation of 4-aminoantipyrine (AAP) from aminopyrine
in adult female Wistar rats. The effects induced by the cis-

isomer were more severe than those induced by the trans- isomer.

The authors attributed this difference to the higher uptake of

the cis- isomer by liver tissue. The investigators concluded
that the inhibition of hepatic drug metabolism, as reflected
in the change in AAP levels, was caused by a competitive,
reversible interaction of the chemical with the mixed function
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oxigase system.

TeratoFenicitv

No reports on the teratogenic potential of cis-l,2-dichloro-
ethylene are available at the present time.

Mutgenicit_y

Both cis- and trans-l,2-dichloroethylene were non-mutagenic
when assayed with E. coli KI2 at similar concentrations used
for l,l-dichloroetylene at which the latter was found to be
mutagenic (Greim et al. 1975). The medium concentration of
the cis-isomer was 2.9 mM, that of t-I,2-DCE was 2.3 mM, and
that of I,I-DCE was 2.5 M.

Both l,l-dichloroethylene and cis-l,2-dichloroethylene were
mutagenic in the host-mediated assay using Salmonella tester
strains in mice (Gerna and Kypenova, 1977). Of the three
isomeric dichloroethylenes, only cis-l,2-dichloroethylene
produced chromosonal aberrations in bone marrow cells of mice
following repeated intraperitoneal injections (daily injec-
tions at 1/2 LD50 for five or ten days).

Carcinogenicity

No studies have been completed which test the carcinogenic
potential of cis-l,2-dichloroethylene. It is currently under
consideration by the National Toxicology Program.

SNARL Development

One-day SNARL

There are few animal studies available which provide dose-
response data on the toxicity of cis-l,2-dichloroethylene
(Irish, 1963; Jenkins et al. 1972; Freundt and Macholz, 1978).
Only the study by Jenkins and co-workers provides information
on what might be identified as a minimal effect level. In
measuring levels of three liver enzymes and two plasma enzymes,
indicators of liver function, these authors showed that a
single 400 mg/kg oral dose to the rat produced a significant
change only in liver alkaline phosphatase, while the other
enzyme levels were not significantly affected. This slight
degree of liver involvement is felt not to be life-threatening;
evidence developed for l,l-dichloroethylene points to the fact
that this degree of liver effect appears to be quite rapidly
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and completely reversible once exposure has ceased.

The Jenkins et al. results may be used to develop a one-day
SARL. It would be derived thusly:

400 mg/kg 10 kg x 100% 4 mg/l
i000 1

where: 400 mg/kg minimal effect dose
I0 kg weight of protected individual (child)
100% percentage of dose absorbed
I000 safety factor
1 volume in liters of drinking water imbibed

per day by I0 kg child

Ten-day SNARL

A ten-day SNARL can be derived from the one-day SNARL which
will adequately protect the sensitive individual from adverse
health effects over that duration of exposure. As stated
above, any slight alteration in liver function is felt to be
quickly and readily reversible after cessation of exposure.

A ten-day SNARL would be derived simply by dividing the one-
day SNARL by I0 to get 0.4 mg/l.

Analysis

Cis-l,2-dichloroethylene and trans-l,2-dichloroethylene can be
analyzed by the purge-and-trap gas chromatographic procedure
used for the determination of volatile organohalides in drink-
ing waters (U.S. EPA, 1980b; Bellar and Lichtenberg, 1979).
In this procedure, volatile components are extracted by an
inert gas which is bubbled through the aqueous sample. The
compounds are swept from the purging device into a short sor-
bent trap. After a predetermined period of time, the trapped
components are thermally desorbed and backflushed onto the head
of a gas chromatographic column where separation takes place.

The recommended primary columns for organohalide analysis do
not adequately resolve the cis- and trans-l.,2-dichloroethylene
isomers. Therefore, it is suggested that the column recom-
mended for confirmatory analysis be.used when these two chem-
icals are being determined. The recommended chromatographic
conditions for the analysis are given below:

Column: Six feet long x 0.I inch ID stainless steel or glass.

Packing: n octane on Porisil C (100/120 mesh).
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emperature: 50 C isothermal for 3 minutes, then program
at 6/ minute to 170 C.

Carrier gas:

Detection:

Helium at 40 ml/minute.

Hall model electrolytic conductivity or other
halogen specific detector.

Sample volume: 5 ml.

The retention time for the cis- isomer is 726 seconds and for
the trans- isomer is 563 seconds under the conditions specified
above. Confirmatory analysis of each isomer by a second column
or by GC-MS techniques is recommended. Although the MS itself

will not distinguish between cis- and trans-l,2-dichloroethyl-
ene, the difference in GC retention times will allow for proper
identification.

The purge-and-trap procedure is applicable to the measurement

of most organohalides over a concentrationrange of 0.I to 1500
ug/l when the Hall model electrolytic conductivity detector is

used. Other halogen specific detectors are generally limited

to measurements of 1.0 ug/l or above.

Treatment

The best options for community systems to remove cis-l,2-
dichloroethylene appear to be granular activated carbon (GAC),
diffused or packed tower aeration, and synthetic resins. The

preferred treatment needs to be evaluated on a case-by-case
basis. Pilot scale testing is essential to estimate cost

effectiveness since the quality of water may greatly affect

performance for each of the treatments. Pilot scale data

indicate that this compound is not as easily removed by aera-

tion (GAC or synthetic resins) as is trichloroethylene or

tetrachloroethylene.

Counter current diffused aeration, in a 30" diameter I0’ deep
column, operating with a I0 minute contact time and an air to

water ratio of 30:1, removed 85% of cis-l,2-dichloroethylene
(present in groundwater at concentrations of 18-118 g/l).
At an air to water ratio of 5:1, and the same operating con-

ditions, 58% cis-l,2-dichloroethylene was removed from the

same water. Counter current diffused aeration with 1.5 in.

diameter columns, a I0 minute contact time and an air to water

ratio of 4:1 removed 80% of the chemical in a different ground-
water sample containing 0.5 ug/l of the chemical. The perfor-
mance of diffused aeration will be affected by the design of

the diffusers and matrix effects (e.g., TOC and dissolved

solids content). The extent to which each of these effects

performance has not yet been evaluated.
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Packed column aeration may be a more economical treatment
alternative than diffused aeration. However, no empirical
data are vet available to compare costs.

GAC with a bed depth of 2.5 ft. and an Empty Bed Contact Time
(EBCT) of 6 minutes was used to treat a groundwater containing
25 ug/l cis-l,2-dichloroethylene and I0 mg/l TOC. Break-
through of the chemical (when concentrations in the effluent
exceeded .I ug/l) occurred after 18 days of service or 4,300
bed volumes of throughput. The loading of cis-l,2-dichloro-
ethylene on the carbon at breakthrough was 0.3 mg/gm. Amber-
sorb XE-340, a synthetic resin, with the same bed depth and

EBCT, did not have breakthrough until after 60 days of service

or 14,400 bed volumes of throughput; the loading of the
chemical on the resin at breakthrough was 0.7 mg/gm. The ex-
tent that service life of the adsorbent will be affected by
other organic substances competing for adsorption sites is
not yet knon.

In emergency situations, or where funding is not available for
community treatment, boiling can be effectively used to reduce
cis-l,2-dichloroethylene concentrations to acceptable levels.
Ten minutes of boiling at a water depth of 8 cm should reduce
concentrations of 150 ug/l to 5 ug/l or les.

Conclusions and Recommendations

One-day and ten-day SNARLs of 4 mg/l and 0.4 mg/l, respectively,
have been developed for cis-l,2-dichlorethylene. At this time,
no satisfactory dose-response, no-effect level data exist from
which a longer-term SNARL can be derived. In addition, it
would be preferable to have dose-response, no-effect data for
the one-day and ten-day SNARLs as well. A grant has been
awarded under the EPA Competitive Grants program to study the
toxicity of all three dichloroethylenes and compare the per-
centage absorption via ingestion and inhalation. Data from
this study, which will include no-effect, dose-response data,
should be available in 1982. At that time, the data will be
reviewed and, if found suitable, will form the basis for the
revision of the existent SNARLs. If the data are found lacking,
further research will be requested.
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Health Advisory for p-Dioxane
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

August 27, 1982

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water providesadvice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the
general population. Health Advisories (HAs) have been calcu-
lated by EPA and Suggested No Adverse Response Levels (SNARLs)
have been calculated by the National Academy of Sciences (NAS)
for selected contaminants in drinking water. An EPA-HA and a
NAS-SNARL may well differ due to the selection of different
experimental studies for use as the basis for the calculations.
Furthermore, NAS-SNARLs are calculated for adults while the
EPA-HAs are established for a i0 kg body weight child. Opti-
mally, EPA-HAs a#eprovided for 1-day, 10-day and longer-term
exposure periods where available data exist. A Health Advisory
does not condone the presence of a contaminant in drinking
water, but rather provides useful information to assist in the
setting of control priorities in cases where contamination.
occurs. EPA-HAs are provided on a case-by-case basis in
emergency situations such as spills and accidents, i.e. for
transient exposures (no more than 1-2 years) rather than life-
time.

In the absence of a formal drinking water standard for an
identified drinking water contaminant, the Office of Drinking
Water has developed EPA-HAs following the state-of-the-art con-
cepts in toxicology for non-carcinogenic risk for short and
longer term exposures. In cases where a substance has been
identified as having carcinogenic potential, a range of esti-
mates for carcinogenic risk based upon lifetime exposure as
developed by the NAS (1977 or 1980) and/or EPA’s Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the
EPA-HAs calculations for all exposures ignore the possible
carcinogenic risk that may result from those exposures. In
addition, EPA-HAs usually do not consider the health risk
resultinG from possible synergistic effects of other chemicals
in drinklng water, food, and air.

EPA-HAs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum
Contaminant Levels (MCLs). The latter must take into account
occurrence, relative source contribution factors, treatment





technology, monitoring capability, and costs, in addition to
health effects. Thus, it is quite conceivable that the con-
centration set for EPA-HA purposes might differ from an
eventual MCL. The EPA-HAs may also change as additional in-
formation becomes available. In short, EPA-HAs are offered
as advice to assist those such as Regional and State environ-
mental and health officials, and water treatment facility
personnel who are responsible for the protection of public
health when dealing with specific contamination situations.

General Information and Properties

Dioxane (C4H802) is a hetrocyclic compound with a molecular
weight of 88.10. It is a flammable liquid having a faint
pleasant odor, boiling point i01.I C, density at 20 1.4175.
It is soluble in water and organic solvents. With water it
forms azeotrope (81.6% dioxane; 18.4% water) boiling at 87.8
(Windholz, 1976). Concentrations of i ppm dioxane in air is

equivalent to 3.57 mg/m3.

The current OSHA standard is i00 ppm (NIOSH, 1977), however,
NIOSH has recommended an exposure concentration of i ppm
with a ceiling limit of 30 minutes (US OSHA, 1979).

Sources of Exposure

Forthcoming from STB.

Metabolism/Pharmacokinetics

Dioxane has been reported to be readily absorbed through the
lungs, skin and gastrointestinal tract of mammals. Young et al.
(1977) exposed four healthy male volunteers to 50 ppm (179
m3) dioxane vapor for 6 hours. Samples of blood and urine were
analyzed for dioxane and its metabolite hydroxyethoxy acetic
acid (HEAA) by gas chromatography-mass spectrometry. The half-
life for elimination of dioxane was 59 + 7 minutes. In a sep-
arate experiment, Young and his co-workrs (1978), studied the
half-life of dioxane in rats exposed to 50 ppm dioxane vapors
for six hours. The half-life in the-rat study was about one
hour.

Dermal absorption of dioxane was studied by Nelson (1951) and
by Fairley et al. (1934). Nelson (1951) applied undiluted
dioxane to the clipped skin of the trunk representing approxi-





mately 15% of the body surface of the rabbit. Mortality and
survival time were recorded. With the increase in exposure
time, the survival of the animals was decreased. The observed
symptoms of toxicity included incoordination, inability to

stand and/or weakened corneal reflex and narcosis. Guinea

pigs and rabbits were used by Fairley et al. (1934) for study-
ing the dermal absorption of dioxane. Each quinea pig received

5 drops and each rabbit i0 drops of the dioxane-water mixture

(80:20) upon the clipped area eleven times in each week. No
skin irritation was observed from these applications and these
animals appeared to be in normal health. The animals were
sacrificed at regular time intervals. The animals sacrificed
on the 49th day showed significant histopathological changes
in the kidney; the liver was normal. Approximately two weeks

later, lesions in both liver and kidney were observed. The
severity of these lesions increased with time.

There is evidence that dioxane is absorbed after ingestion.
Several investigators administered dioxane in water to the

animals and observed systemic adverse health effects (Argus
et al. 1965; Hoeb-Ligeti et al. 1970; Kociba et al. 1974).
However, the precise amount absorbed following the ingested
dosage is not known. Based on the physico-chemical properties
of this compound-and for the purpose of SNARL estimation, 100%
absorption of dioxane will be assumed after ingestion.

Dioxane has been reported to be metabolized in animals to

2-hydroxyethoxyacetic acid and 1,4-dioxan-2-one. After a

single oral dose of i000 mg/kg/bw to rats, Braun and Young
(1977) recovered 85 percent of the dose as -hydroxyeth-
oxyacetic acid and most of the remainder as unchanged dioxane.

Woo et al. (1977a) isolated and identified p-dioxane-2-one
from the urine of rats given intraperitoneal doses of 100-400

mg/kg body weight dioxane; the amount of p-dioxane-2-one
excreted increased with dose administered.

Woo et al. (1977d) studied bindng of H3-dioxane to tissue

macromolecules of animals. Male Sprague-Dawley rats, weighing

95-130 g were given i.p., a single dose of H3-dioxane (500 uCi

i00 g body weight), spec. act. 63.2 m Ci/mmole and 8.6 Ci/

mmole and sacrificed after i, 2, 6 or 16 hours. Cytosol,
microsomal, mitochondrial and nuclear fractions were examined.

The percent covalent binding was highest in the nuclear frac-

tion, followed by mitochondrial and microsomal fractions and

the whole homogenate. The binding of dioxane to the macro-

molecules in the cytosol was mainly noncovalent. Pretreatment
of rats with inducers of microsomal enzymes had no significant
effect on the covalent binding of dioxane to the various sub-

cellular fractions of the liver.





Health Effects

p-Dioxane was reported to be toxic to industrial workers as
early as 1934. Intensive exposure to dioxane leads to severe
liver and kiney damage and even to death (Barber, 1934;
Johnstone, 1959). Fairley et al. (1934) reported liver and

kidney damage in rabbits, guinea pigs, rats and mice exposed
to dioxane. Recent experiments in animals implicate dioxane
as an animal carcinogen (Argus et al. 1973; Kociba et al. 1974).

Short-term Exposure

The lowest oral lethal dose for humans has been recorded as
500 mg/kg (NIOSH, 1978). Johnstone (1959) described a fatal
case of dioxane poisoning. The estimated exposure by in-
halation in this case was 470 ppm (1690 rag/too) for one week;
the extent of dermal exposure was not known. Postmortem exam-

ination revealed hepatic and renal lesions as well as demyelin-
ation and edema of the brain.

Young et al. (197_7) exposed four healthy male volunteers to

-50 ppm (180 mg/m) dioxane vapor for six hours. Prior to the
study, the subjects received an extensive physical examination,
including a 12-1ead electrocardiogram, respiratory function

tests, a conventional battery of 12 blood chemistry tests plus
triglyceride and creatinine determinations and complete hema-
tological and urine analyses. The authors noted that the
volunteers were in excellent health and found no adverse health
effects related to the exposure at post exposure examinations
which were done at 24-hours and at 2 weeks.

Oral LD50 values for experimental animals are 4200 mg/kg (rat),
5700 mg/kg (mouse), 2000 mg/kg (cat), 2000 mg/kg (rabbit), and

3150 mg/kg (guinea pig) (NIOSH, 1978).

Dose response versus the adverse health effects data due to the

exposure of animals to dioxane are not available. Fairley
et al. (1934) supplied rats and mice with water containing 5
percent by volume of an 80:20 dioxane:water mixture. The
animals were observed for overt signs of ill health. After a
few days, the rats appeared to be slightly more quiet than
beore the experiment. On histological examination, the rats

seemed to be more severely affected than the mice. Both
species of animals showed renal and hepatic tissue changes.

Meaningful information has been generated by Fairley et al.
(1934). In this experiment, four rabbits received a single
dose of i, 2, 3, or 5 ml of 80% dioxane diluted with saline
to a total volume of I0 ml. Three other rabbits each were

given two 5-ml intravenous injections of dioxane mixed with

5 ml of saline with an interval of 48 hours between injections.





One rabbit, used as a control, received i0 ml of saline.
The immediate eect of dioxane injection in all the rabbits
was violent struggling, which began as soon as the first few
drops were injected. With doses of 4 or 5 ml of dioxane, the
struggling was followed by convulsions and collapse; then the
rabbits rapidly returned to normal. The four rabbits given
the single doses of 80% dioxane were killed i month later.
Degeneration of the renal cortices with hemorrhages was ob-
served by microscopic examination. In the rabbit administered
the 3-ml dioxane dose, the degenerative changes extended into
the medulla, and the liver showed extensive cellular degenera-
tion starting at the periphery of the lobules. No abnormality
was found in other organs. The livers of the rabbits given
the i- and 5-ml doses showed no microscopic abnormalities;
areas of cloudy swelling were seen in the liver of the rabbit
given-2 ml of dioxane.

One of three rabbits given two 5-ml doses of 80% dioxane was
killed for necropsy when it seemed acutely ill, 5 days after
the second injection. The two remaining rabbits appeared to
be ill on the 7th day when one died and the other was sacri-
ficed. Macroscopically, the kidneys of the three rabbits
were enlarged and the three livers appeared either normal,
.mottled, or pale., respectively. In all thre9 animals, micro-
scopic examination revealed almost total destruction of the
renal cortex with only a few glomeruli remaining in a mesh-
work of connective tissue. Many of the medullary tubules were
blocked with blood casts and hyaline material, but degenerative
changes were not observed. Hemorrhages were seen in both the
cortex and medulla. There were extensive degenerative changes
in the hepatic cells of the livers of all three rabbits, appar-
ently starting from the edges of the lobules.

Two more rabbits were given a single 4-ml dose of pure dioxane
mixed with an equal volume ot saline. The pure dioxane was
prepared by the investigators from redistilled dehydrated
ether. The red cell counts and hemoglobin measurements were
slightly lower (2,490,000 and 3,170,000, and 65 and 70%, re-
spectively) and the white cell counts were higher (34,100 in
one rabbit) 24 hours after the iv injections. Forty-eight
hours after the injections, the RBC and WBC counts had returned
toward normal but the hemoglobin count remained low. Both rab-
bits developed hind-limb paralysis that continued until the 7th
day after dioxane administration at which time they were killed.
The average blood urea concentrations in the two rabbits, when
measured at 24 hours (38 and 40 rag/100 ml), were not signifi-
cantly different from the pre-injection values (35 rag/100 ml).
Microscopically, both rabbits showed advanced cellular degen-
eration with hemorrhages in the renal cortex. The medullary
tubules were blocked with casts. Well-marked cellular degen-
eration in the liver was found in one rabbit but no definite
changes were found in the other.





Longer-Term Exposure

Barber (1934) examined case histories at death of 5 factory
workers who were engaged in a particular process that involved
dioxane use. Kidney lailure was considered responsible for
the fatalities. He concluded that there was evidence that a
few intense exposures to dioxane are much more serious than
repeated slight exposures.

Liver and kidney damage was observed in rabbits and guinea pigs
exposed to dioxane via skin application (Fairley et al. 1934).
Guinea pigs received five drops and the rabbits I0 drops of
the dioxane-water mixture (80:20) upon the clipped area eleven
times in each week. No skin irritation was observed from these
applications and the animals appeared in normal health. The
animals sacrificed on the 49th day showed significant histolog-
ical changes in the kidneys; the liver was normal. Approxi-
mately two weeks later, lesions in both liver and kidney were
observed. The severity of lesions increased with time.

With the objective of delineating the carcinogenic potential
of dioxane, studies have been conducted by dosing animals witN
drinking water containing dioxane (Kociba et al. 1974). In
some of these studies, biological effects other than carcino-

genesis were also observed. The effects other than carcinogen-
esis are discussed in this section and the carcinogenic
effects are discussed under the section on carcinogenicity.

Kociba et al. (1974) reported liver and kidney damage in male
and female Sherman strain rats. The animals were given drink-

ing water containing 0, 1.0, 0.i or 0.01 percent dioxane for
up to 716 days. Toxicological analysis included changes in

body weights, survival rates, blood chemistry (packed cell
volume, total erythrocyte count, hemoglobin, total and dif-

ferential white blood cell counts) and complete histopath-
ological examination. There was no evidence of toxicity with
regard to the tested parameters in animals receiving 0.01%
dioxane in drinking water; however, liver and kidney damage
was observed at 0.1% dosage level. Decrease in body weight
gains, survival rates, water consumption and an increase in

the incidence of tumors:was observed at 1% dosage level.

Carcinogenicity

There were no reports in the available literature on the
mutagenicity of 1,4-dioxane in mammalian systems or on the
oncogenicity of the compound in man. Hoch-Ligeti et al. (1970)
and Argus et al. (1973) have established a linear relationship
between the total dose of 1,4-dioxane ingested in drinking
water and the incidence of liver neoplasms in rats. The
levels of 1,4-dioxane fed in the drinking water were 0.75,





1.0, 1.4 and 1.8% for 13 months. A minimum effective tumor
dose (TD5), 50% tuor dose (TD50), and maximum effective dose

(TD9) were calculate for 1,4-aioxane. These were 72, 149,
and 0 g, respectively. In a two year study in rats given
1,4-dioxane in drinking water, Kociba et al. (1974) reported
that the group receiving 1% 1,4-dioxane (1015 mg/kg/day and
1599 mg/kg/day for male and female rats, respectively), showed
a significant increase compared to controls in the incidence
of hepatocellular carcinomas and squamous cell carcinomas o
the nasal cavity. At 0.01% (9.6 and 19.0 mg/kg/day, respec-
tively for males and females) and 0.01% (94.0 and 148.0 mg/kg/
day, respectively), there was no significant difference in
the incidence of neoplasms between the control and the experi-
mental groups.

In a 90 week study in mice on the oncogenic effects of reagent-
grade 1,4-dioxane in drinking water, a significant increase in

hepatic neoplasms over controls was reported in both the 0.5
and 1% groups of both sexes (NCI, 1978). The average daily
low dose (0.5% v/v) was 720 (530-990) mg/kg/day for males and

380 (180-620) mg/kg/day for females; at the 1% level, the
doses were 830 (680-1150) and 860 (450-1560) mg/kg/day, respec-
tively.

In the NCI study, rats exposed to 1,4-dioxane in drinking water

exhibited squamous cell carcinomas of the nasal turbinates in
both sexes. Hepatocellular adenomas were observed in female
Osborne-Mendel rats. Average doses for ii0 weeks for males
were 240 (130-380) and 530 (290-780) mg/kg body weight;
females the doses were 350 (200-580) and 640 (500-940) mg/kg
body weight.

Reproductive/Teratogenic Effects

No reports were available on the effects of 1,4-dioxane on

the reproductive system in humans or other mammalian species.

In addition, there were no data available on the in vivo

teratogenic effects of 1,4-dioxane in mammals.

Immunosuppressive Effects

In vitro, Thurman et al. (1978) have reported on the effects of

l,4----oxane on the mitogenic stimulation of murine lymphocytes.
At 2.5 and 5 g/L, 1,4-dioxane greatly enhanced lipopolysaccha-
ride stimulation of lymphocytes as well as depressing phyto-
hemagglutinin stimulation o lyphocytes. These results were

interpreted to indicate stimulation of B-cell proliferation
and suppression o T-cell responses. The authors did not dis-

cuss the implications of the results in human lymphocytes which
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appeared to be opposite to the findings with murine lymphocytes.
In vitro, at 25 g/L of 1,4-dioxane, a slight enhancement of
p--yto-agglutinin stimulation of human lymphocytes was
seen, indicating a stimulation of T-cell responses and an
enhancement of the immune response; little or no effect was
seen at lower concentrations. More data confirming this
initial finding in murine lymphocytes are necessary before
any valid conclusions can be made on the immunosuppressive
effects of 1,4-dioxane.

Other Observations

An important consideration in evaluating the acute toxicity of
1,4-dioxane may be the recent findng that chlorination of 1,4-
dioxane can enhance toxicity by as much as 1000-fold (Woo et al.
1980). The effect is stereoselective but all chlorinated deriv-
atives tested showed enhanced toxicity when given i.p. to rats.

The most toxic isomer studied, 2r,3c,5t,6c-tetrachloro-l,4-
dioxane, had an LD30 value of 5.3 mg/kg compared to an LD50 of
5.3 g/kg for 1,4-dloxane. Such derivatives could be produced
during chlorination of drinking water, since 1,4-dioxane is
randomly chlorinated with great ease (Woo et-al. 1980).

HA Development

Kidney damage appears to be the sensitive index of toxicity
as a result of exposure to dioxane. However, the carcinogenic
potential of dioxane cannot be ignored. It has been found to

be carcinogenic indifferent strains and species of animals by
several investigators.

One-day HA

A study by Fairley et al. (1934) was used for the calculation
of a one-day HA. In this study, a single dose of i, 2, 3, or

5 ml of 1,4-dioxane was given intravenously to rabbits. Even
though one rabbit was used per dose level, dose versus response
data generated by this study provides more confidence concern-

ing the toxic effects of dioxane than the other available
studies. Rabbits sacrificed one month later’had degeneration
of the renal cortices with hemorrhages as observed by micro-

scopic examination. With the increasing dose levels, the de-

generative change extended into the medulla and also the liver
showed extensive and gross cellular degeneration.

Assuming an average body weight of 2 kg for a rabbit, adminis-

tering i.v. i ml of 80 .percent dioxane solution, minimun
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effective dose per kg b.w. has been calculated:

i ml x 1.42 g x 0.80 x I0 kg 5.68 mg/l
i i x i000 x 2 kg

where i ml administered dose
1.42 g-- density of dioxane
0.80 percent composition of dioxane solution
I0 kg assumed average weight of a child
i i volume of water consumed by a child

daily in liters
I000 uncertainty factor
2 kg assumed body weight of the rabbit

Ten-day HA

In the absence of an acceptable study for the calculation o
a ten-day HA, one-day HA value is divided by ten; therefore,
the ten-day HA is estimated as 0.568 mg/l.

Longer-ter HA

Acceptable data are not available to determine a longer-term
HA. Kociba et al. (1974) established a no effect level of
9.6 mg/kg/day based on two year feeding studies in drinking-
water in rats. This study, though scientifically sound, should
not be used for estimating a longer-term HA because of the car-
cinogenic potential of p-dioxane, p-Dioxane has been reported
to be carcinogenic in both sexes of rats and mice by several
independent investigators. This may be compared with tri-
Chloroethylene where only one species responded to the carcin-

ogenic effects of the chemical. Another reason for not pro-
viding a longer-term HA for dioxane is its potential of being
chlorinated in water, thus producing a highly toxic chemical.
Woo et al. (1980) showed that chlorination of dioxane in-
creased the toxicity by as much as 1,000 fold.

Analysis

p-Dioxane in water samples has been determined at ppm levels
by direct aqueous injection into a gas chromatograph (Harris
et al. 1974). Compound identification was made by coupling
the gas chromatograph (GC) to a quadrupole mass spectrometer
(MS). The GC/MS interface utilized an all glass jet-type
enrichment device to deliver the sample directly into the ion

source of the MS.
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The following chromatographic conditions were selected:

Column: 7 feet coiled glass column (i.d. 2 mn), packed with

60/80 mesh acid-washed Chromosorb W coated with 10% Free
Fatty Acid Phase (FFAP).

Temperature program:
180 C.

60 C for 3.5 rain., then 12 C/rain. to

Carrier gas: Helium at 30 ml/min.

A detection limit of 50 ppm was obtained using conventional
data acquisition with a direct sample injection of I ul. This
detection limit isusually sufficient for water samples col-
lected from waste effluents, chemical spills and waste treat-

ment plants but not for relatiely clean water, i.e., finished

tap water or surface waters. The detection limit could be
significantly improved with data acquisition from subsets of
the ions used in conventional mass spectrometry. This tech-

nique would make the method applicable to the analysis of
relatively clean water.

Treatment

Treatment techniques which are capable of reducing the concen-
trations of p-dioxane in drinking water include absorption by
granular activated carbon (GAC), powdered activated carbon
(PAC), or perhaps synthetic carbonaceous resins, and oxidation

by ozone (OB) or. ozone/ultraviolet light (O$-UV). The only
data available demonstrating removal of p-dloxane are for car-
bon adsorption. Further studies are required to determine the

effectiveness of 03 or OB-UV oxidation. The available adsorp-
tion data are from labortory bench-scale studies. Field pilot
studies or plant-scale data on p-dioxane are not available.

Suffer et al. (1978) showed p-dioxane to be poorly adsorbed

by polymeric resins. McGuire et al. (1978) showed poor results

for PAC treatment at 50 milligrams per liter (mg/L) with 5-
hour contact time. However, greater removal of p-dioxane
could be achieved using PAC at higher dosages. The data in-

cluded carbon isotherm and laboratory GAC column results using

Filtrasorb(R) 400, on a 4-compound mixture of nitromethane,
methyl ethyl ketone, n-butanol, and p-dioxane.
The influent concentration for each compound as 10 -4 moles/L
in the column study, which was conducted at a flow rate of

23 ml/min and a detention time of 2.1 minutes. After 2 hours
of processing, p-dioxane was detected in the column effluent
at a concentration of i.i x 10-5 moles/L and after i0 hours

exhibited a chromatographic displacement. The other compounds
continued to be adsorbed (approximately 25 percent removal)





beyond 18 hours, showing that they are more adsorbable than

p-dioxane.

The isotherm data (McGuire et al. 1978) yield carbon capacities
of 0.6 mg dioxane per gram carbon and 3.5 mg/gram carbon at

equilibrium concentrations of i mg/l and i0 mg/l, respectively.
The adsorption isotherms show p-dioxane to be adsorbed slightly
more than urea and less than n-butanol and the other compounds
in the mixture. The surface concentration (at the equilibrium
concentration of 60 mg/L each) is 31.8 mg/g, 14.1 mg/g, and

0.35 mg/g for n-butanol, p-dioxane and urea, respectively.

Studies by Glaze et al. (1980) found OB and 03-UV to be effec-
tive in oxidizing hexachlorobiphenyl (CB) at 03 application
rates up to 4 milligrams per liter per minute (mg/L-min).
Greater removals were observed with the use of UV with 03 than

03 alone. Based on the removal of the more complex HCB mole-
cule, p-dioxane should be expected also to be oxidized. Data
are not available on dosage or contact time for treatment for

p-dioxane.

A batch laboratory study to demonstrate oxidation of p-dioxane
by i00 mg/L chlorine and i00 mg/L permanganate (McGuire et al.
1978) showed no-reductions after 12-hour and 3-hour contact

times, respectively. A batch laboratory study (McGuire et al.

1978) showed diffused aeration to be ineffective, achieving
less than 3 percent removal at an 80:1 air-to-water ratio over

a 2.4-hour period.

In summary, adsorption by activated carbon appears to be ef-
fective to some degree in reducing the levels of p-dioxane in

drinking water. GAC can provide long-term or emergency short-
term treatment for removal of p-dioxane. Skid-mounted GAC
contactors available from several manufacturers could provide
the emergency treatment required in the event of a sudden and

short-lived occurrence. Thoughthe carbon usage rate would

be high [67 ib/l,000 gal to maintain 90 percent removal at an

influent of 8.8 mg/L (McGuire et al. 1978)], a GAC treatment

system incorporated into plant operations could provide the

long-term treatment for the continued occurrence. Any GAC
application should account for possible displacement by other

organics more easily adsorbed than p-dioxane. A PAC treatment

would not be operationally practical for a long-term solution;
however, it could provide the required removal on a short-term

basis. PAC could be effective in an emergency situation when

placed on a filter bed or when added to a rapid mix basin.

Disposal of waste PAC must be considered when choosing this

alternative. In addition, adsorption by synthetic resins,
and oxidation by either ozone or ozone/ultraviolet light are

methods which might prove to be somewhat effective in p-dioxane
treatment.

However, all approaches should be considered carefully since
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the preferred approach will probably be determined on a case-
by-case basis. In addition, once a possible long-term treat-
ment technique has been identified, pilot-scale studies should
be conducted, not only to verify initial conclusions, but
also to estimate technical and economic considerations which
such a system will entail.

Conclusions

A one-day HA of 5.68 mg/l and a ten-day HA of 0.568 mg/l have
been estimated. Acceptable data were not available for the
estimation of a longer-term HA.





REFERENCES

Argus, M.F., Sohal, R.S., Bryant, G.M., Hoch-Ligesti, C.,
Arcos, J.C., 1973. Dose-response and ultrastructural
alterations in dioxane carcinogenesis. Influence of
methylcholanthrene on acute toxicity. Eur. J. Cancer
9(4):237-243.

Barber, H., 1934. Haemorrhagic nephritis and necrosis of the
liver from dioxan poisoning. Guy’s Hosp. Rep. 84:267-280.

Braun, W.H., 1977. Rapid method for the simultaneous deter-
mination of 1,4-dioxan and its major metabolite, hydro-
xyethoxyacetic acid, concentrations in plasma and urine.
J. Chromatogr. 133:263-266.

Fairley, A., Linton, E.C., Ford-Moore, A.H., 1934. The
toxicity to animals of 1,4-dixon. J. Hyg. 34:486-501.

Glaze, W.H., Peyton, G.R., Huang, F.Y., Burleson, J.L.,
Jones, P.C., 1980. Oxidation of water supply refractory
species by ozone with ultraviolet radiation. U.S. Environ-
mental Protection Agency, Cincinnati, Ohio.

Harris, L.E., Budde, W.L., Eichelberger, J.W., 1974, Direct
analysis of water samples for organic pollutants with gas
chromatography-mass spectrometry. Anal. Chem. 46:1912.

Hoch-Ligeti, C., Argus, M.F., Arcos, J.C., 1970. Induction"
of carcinomas in the nasal cavity of rats by dioxane.
Brit. J. Cancer 24(I):164-167.

Johnstone, R.T., 1959.
Health 20:445-447.

Death due to dioxane? AMA Arch. Ind.

Kociba, R.J., McCollister, S.B., Park, C., Torkelson, T.R.,
Gehring, P.J., 1974. 1,4-Dioxane. I. Results of a 2-year
ingestion study in rats. Toxicol. Appl. Pharmacol.
30(2):275-286.

McGuire, M.J., Suffet, I.H., Radziul, J.V., 1978. Assessment
of unit processes for the removal of trace organic compounds
from drinking water. Journal of American Water Works
Association. 10:565-572.

NCI, 1978. National Cancer Institute. Bioassay of 1,4-dioxane
for possible carcinogenicity. Washington, D.C.: U.S. Depart-
ment of Health, Education and Welfare, National Institute of
Health. DHEW Pub. No. (NIH) 78-1330.

Nelson, N., 1951. Solvent toxicity with particular references
to certain octyl alcohols and dioxanes. Med. Bull.
11:226-238.





NIOSH, 1977. National Institute of Occupational Safety and
Health. Criteria for a recommended standard--occupational
exposure to dioxane. Washington, D.C.: U.S. Department
of Health, Education and Wellare. DHEW (NIOSH) Pub.
77-226.

NIOSH, 1978. Registry of toxic substances. U.S. Department
of Health, Education and Welfare. Washington, D.C.

Suffer, I.H., Brenner, L., Coyle, J.T., Cairo, P.R., 1978.
Evaluation of the capability of granular activated carbon
and XAD-2 resin to remove trace organics from treated
drinking water. Environmental Science and Technology.
1(12) 1315-1322.

Thurman, G.B., Simms, B.G., Goldstein, A.L., Kilian, D.J.,
1978. The effects of organic compounds used in the manu-
facture of plastics on the responsivity of murine and human
lymphocytes. Toxicol. Appl. Pharmacol. 44:617-641.

USEPA, 1980. Master scheme for the analysis of organic com-
pounds in water. Part III. Experimental development and
results. Draft report, pp. 84.

U.S. OSHA, 1979. U.S. Occupational Safety ad Health Admin-
istration. Occupational safety and health standards for
general industry. Washington, D.C.: U.S. Department of
Labor, pp. 279-282.

Windholz, M.ed., 1976. Merck Index, 9th ed.
Merck and Company, Inc. p. 440.

Rahway, NJ:

Woo, Y-T, Arcos, J.C., Argus, M.F., 1977a. Metabolism in
vivo of dioxane: Identification of p-dioxane-2-one as the
major urinary metabolite. Biochem. Pharmacol. 26:1535-1538.

Woo, Y-T, Argus, M.F., Arcos, J.C., 1977d Tissue and sub-
cellular distribution of 3H-dioxane in he rat and apparent
lack of microsome-catalyzed covalent binding in the .target
tissue. Life Sci. 21(10) :1447-1456.

Woo, N-T, Neuburger, B.J., Arcos, J.C., Argus, M.F., Nishiyama,
K., Griffin, G.W., 1980. Enhancement of toxicity and enzyme-
repressing activity of p-dioxane by chlorination: Stereo-
selective effects. Toxicol. Letts. 5:69-75.

Young, J.D., Braun, W.H., Rampy, L.W., Chenoweth, M.B., Blau,
G.E., 1977. Pharmacokinetics of l,.4-dioxane in humans.
J. Toxicol. Environ. Health 3(3):507-520.

Young, J.D., Braun, W.H. and Gehring, P.J., 1978. The dose-
dependent fate of 1,4-dioxane in rats. J. Environ. Pathol.
Toxicol. 2(2) :263-282.





TAB PLACEMENT HERE

DESCRIPTION:

Tab page did not contain hand written information

Tab page contained hand written information
*Scanned as next image

Confidential Records Management, Inc.
New Bern, NC
1-888-622-4425
9/08







Advisory Opinion for Ethylene Glycol (Ethane-l,2-diol)
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

September 30, 1981.

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the
general population. The advisories are called Suggested No
Adverse Response Levels .(SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for
selected contaminants in drinking water. An EPA-SNARL and a
NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-SNARLs are established for a i0 kg body
weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods whre available data
exist. A SNARL does not condone the presence of a contaminant
in drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where
contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking
Water develops EPA-SNARLs following the state-of-the-art con-
cepts in toxicology for non-carcinogenic risk for short and
longer term exposures. In cases where a substance has been
identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA’s Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the
EPA-SNARL calculations for all exposures ignore the possible
carcinogenic risk that may result from these exposures. In
addition, EPA-SNARLs usually do not consider the health risk

resulting from possible synergistic effects of other chemicals
in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration





set for EPA-SNARL purposes might dilfer Irom an eventual MCL.
The EPA-SNARLs may also change as adinional information

becomes available. In short, EPA-SNARLs are olfered as advice
to assist those such as Regional and State environmental and
health officials, local public officials, and water treatment

facility personnel who are responsible for the protection o+/-

public health when dealing with specific contamination situa-

tions.

General Iniormation

Ethylene glycol, 1,2-ethanediol, is a colorless liquid, com-

pletely miscible with water, M.W. 62.1, b.p. 197.6 C, m.p.
-12.6= C, density 1.1088 g/ml, threshold odor concentration

90 mglm3 (air) (Verschueren, 1977); the taste and odor
hreshol in water is not known. Ethylene glycol is used as

an antifreeze in cooling and heating systems, in hydraulic
brake fluids, as an industrial humectant, as an ingredient
of electrolytic condensers, as a solvent in the paint and

plastics industries, in the formulation of inks, as a stabi-

lizer for soybean foam used in firefighting, in the synthesis
ol safety explosives, resins, plasticizers, an snythetic
fibers (Merck ldex, 1976).

Sources of Exposure

According to U.S. Chemical Marketing Report in 1975, annual
production of ethylene glycol was 2 billion kg in 1974. With

the increase in the use of ethylene glycol in the heating and

cooling systems for solar systems and related uses, the pos-
sibility must be considered, therefore, an accidental spill
and/or industrial discharge may contaminate drinking water

supply.

Metabolis/Pharmacokinetics

Ethylene glycol is rapidly absorbed after ingestion. Reif
(1950), on three separate occasions, drank pure ethylene glycol
in a I00 ml of water. Amounts consed were 5.5, ll.0 and 13.2
g, which would correspond to 78.5, 157 and 188.6 mg/kg body
weight, respectively, assuming a body weight of 70 kg for adult.
Twenty-four to thirty-one percent of ethylene glycol was re-

covered in the urine within 24-48 hours. Oxalic acid concen-
trations in the urine were higher than the normal with a peak
on the fourth day.

Gessner et al. (1961) studied the fate oi ethylene glycol in





Chinchilla rabbits, albino rats, guinea pigs and cats. Doses
up to i0.0 g/kg ol ethylene glycol (14C2) were given orally
or subcutaneously, but most of the data were derived from
animals receiving 0.i to 2.0 g/kg (100-2000 mg/kg). At low
doses (0.124 g/kg) rabbits exhaled about 60% ol the dose as
CO2 an excreted 20% o+/- it in the urine in a time period of
80-100 hours; 50% of the dose was exhaled as CO2 in the first

18 hours after dosing. In one set of experiments with rabbits,
urine containe ethylene glycol (10.3%), oxalic acid (0.01%)
and urea (0.65%). Nearly one-half ol the radioactivity was
eliminated in the urine when the dose was increased to 2.5 to

5.0 gm/kg. The increase in the radioactivity in the urine was
attributed to unmetabolized ethylene glycol by the authors.

In an in vitro experiment, utilizing rat liver slices, Gessener
and his co-workers identiie the intermediate metabolite of
ethylene glycol (14C): glycoaldehyde and glyoxylic acid.

Health Effects

Ingestion ol high doses of ethylene glycol by humans results in

intoxication resembling that due to alcohol, with ataxia, drow-
siness and slurred speech (Parry and Wallach 1974), or pos-
sibly stupor, coma, convulsions, and death (Berman et al. 197).
Patients may appear to be in shock, with nausea and vomiting
(Pons and Custer, 1946). Laboratory findings may include pro-
tein and oxalate crystals in the urine (Berman et al. 1957;_
Ports and Custer, 1946), metabolic acidosis (Parry and Wallach,
1974) and possibly renal impairment (Berman et al. 1957),.de-
pending on the dose, length of time before treatment is sought,
and treatment given. Gross pathologic findings may include
general congestion of all tissues, pulmonary edema, some degree
of kidney swelling, and hyperemia of the brain (Pons and Cuser,
1946). Histologic changes may include pulmonary edema with

bronchopneumonia, oxalate crystals in the kidneys (especially
in the renal tubules), edema of the brain with a more conspic-
uous capillary be with engorgement of larger blood vessels

(Pons and Custer, 1946). These same general findingshave
been reported in animals including rats (Laug et al. i939;
Bove, 1966), dogs (Kersting and Nielsen, 1966; Nunamaker et al.
1971), cats (Pneumarthy and Oehme, 1974) and cattle (Crowell
et al. 1979).

Short-term Exposure

Several investigators have reported on the human health effects
of ethylene glycol. In a report of i0 fatal cases resulting
irom ethylene glycol antifreeze poisoning, Pons and Custer

(1946) suggested an estimated total dose of 200 ml. If we





assume the antifreeze consuned was at least 95% pure, with

th remainder octyl alcohol and anti-rust material (Kersting
and Nielsen, 1966), and that these substances contributed
nothing to the toxicity of the ethylene glycol, we may cal-
culate an approximate human lethal dose: 200 ml (volume) x

1.058 g/ml (density) x 95% (purity) 207 g of ethylene
glycol, and assuming a 70 kg body weight: 207 g 70 kg
3 g/kg 3000 mg/kg.

Another reported human exposure involved a previously healthy
male who consumed 200 ml of ethylene glycol (Parry and Wallach,
1974). This patient was stuporous when admitted to the hospi-
tal, ha protein and calcium oxalate crystals in the urine, was
in metabolic acidosis with a pH of 7.17, a carbon dioxide ten-

sion of 13 mm Hg and a base excess o 24 nmol/l. A rigorous
course of treatment was begun an the blood level o ethylene
glycol fell over the next 5 days, although ethylene glycol and

oxalate were in the urine until t.e 17th day. The patient was
discharged on the 23rd day. Applying the same assumption as

for the Pons and Custer (1946) data we again estimate a dose
of 3000 mg/kg for a 70 kg man.

Otter published reports dealing with ethylene glycol ingestion
in humans may be used to demonstrate early toxic effects,
although the initiation of medical therapy makes it difficult

to compare data beyond that point. Berman et al. (1957)
reported 2 cases of antifreeze ingestion. Both subjects con-
sumed 70 to 90 ml of the solution and were hospitalized on the

2nd and 3rd day afterward. Shortly after drinking the solu_-
tion, both men felt numb and had visual disturbances. This
was followed by vomiting, adbominal pain and diminished urinary
output. A urinalysis performed on the 5th day after exposure
revealed no oxalate crystals. A renal biopsy on one patient
14 days post-exposure, revealed destruction of epithelial cells,
preservation of the basement membrane, beginning regeneration
in some areas, and occasional tubules filled with calcium
oxalate crystals. On the 24th day, a neurological examination

of both patients was normal and they were discharged. Using
the more conservative figure of 70 ml of solution consumed, a

density factor of 1.088 g/ml for ethylene glycol and 95% purity
for the solution, then 70 mi x 1.088 g/ml x 95% pure 73 g
of ethylene glycol, which yields an approximate dose of 73 g
or 1 g/’kg if we assume a 70 kg body weight. Therefore, an

estimated dose for a toxic effect is i000 mg/kg.

A controlled human exposure to ethylene glycol was reported by
Reif (1953). The investigator drank 5.5, ii.0 and 13.2 g ol

ethylene glycol with i00 ml of water on separate occasions and

collected his urine for about 14 days after each trial to

quanti+/-y ethylene glycol and oxalic acid levels. Assuming a

boy weight of 70 kg, doses consumed would be 78.5, 157.0 and

188.6 mg/kg. Reif found that 24 to 31% of the ethylene glycol
was excreted in the urine in an unchanged form within 24 to 36
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hours, while urinary oxalic acid levels were elevated for 8
to 12 days. o oxalate crystals were iouna in the urine, an
he reported no impairment of health rom these doses.

An extensive series ol ose-mortality tri-als were conducted by
Laug et al. (i39) or several species oi laboratory animals.
.Mice, rats and guines pigs were testea Dy adinistering single
doses of ethylene glycol by stomach tubes. Calculated LD50
values were: ,ice, 13.1 m/kg (14,253 mg/kg); rats, 5.5 m+/-/kg
(5984 mg/kg); guinea pigs, 7.35 ml/kg (7997 mg/kg). It was
noted that the animals showed signs of weakness and lack ol
motor cooraination shortly after receiving doses of ethylene
glycol. Prostration and coma were later symptoms, followed by
death in 18 hours to 6 days. Congestion o the lungs, bladders
filled with protein-rich urine, hydropic degeneration of the
cells lining the cortical convoluted tubules, and focal nec-
rosis of the liver were nearly always found.

Longer-term Exposure

No data were found on the chronic exposure of humans to

ethylene glycol.

A chronic study was carried out in which albino rats received

i and 2% of their diet as ethylene glycol was performed for a

period of up to 2 years (Morris et al. 1942). Littermates were
started on the study at 3 weeks of age. Body weights and feed
consumption were reported to be the same for control and test

groups, but no data were given. Two of the I0 rats on the 2%
ethylene glycol ose died during the first year, with no gross
or microscopic evidence of the cause of death apparent. The
most notable finding in ethylene glycol-treated animals was

the presence of laminated mulberry bladder stones in 6 rats,
along with marked chronic cystitis, numerous crystals in the
tubules or centrolobular atrophy, bile duct proliferation, and
fatty degeneration of the liver. Chemical analysis of the
bladder stones revealed that they contained 80 to 82% calcium

oxalate. This chronic study demonstrates a severe form of
pathology resulting from ethylene glycol consumption, but no
estimation of dose is possible for the limited study design
data presented.

In a study by Blood et al. (1962), ethylene glycol was fed to

2 male rhesus monkeys and 1 female rhesus monkey for three

years. Ethylene glycol was incorporated in the monkey chow
and made available to the animals on an ad lib basis. The
animals consumed 200 to 250 g of cho*/day. From he given body
weights of 15.45 and 7.25 kg for the males and 7.4 kg for the
female it is possiDie to calculate oses o ethylene glycol
(EG) as follows:
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200 g ol teed x 0.2 EG 0.4 g/day 400 rag/day
250 g of feed x 0.2% EG 0.5 g/day 500 rag/day

The male who weighea 15.45 kg would thus receive an
estimated 25 mg/kg/day to 32 mg/kg/day, depending on
the ount of teea which was reported to range irom

200 to 250 g/day. The male who weighed 7.25 kg woulO
have received 55 to 69 mg/kg/oay.

Females: 200 g of feed x 0.5% EG 1.0 g/day
i000 rag/day

250 g o feed x 0.5% EG 1.25 g/day
1250 mg/day

The female would thus have received from 135 to 170 mg/kg/
day.

Prior to the start of the experiment and at quarterly intervals,
the animals were x-rayed to detect possible appearance of cal-
cification of the urinary tract. At the time of sacrifice all
abdominal and endocrine organs as well as a bone marrow sample
were examined histopathologically. No abnormal calcium depos-
its were demonstrated Dy x-ray and microscopic examinations oi

tissues were unremarkable. The authors concluded that this

species was capable of handling the administered ethylene
glycol without any discernible toxic effects.

tagenicity

Ethylene glycol demonstrated no significant mutagenic activity
in the Salmonella mutagenicity (es) test with or without
microsomal activation (Clark et al. 1979).

Carcinogenicity

In studies designed to determine the toxic and carcinogenic
potential of several biological preservatives, ethylene glycol,
obtained from the NIH Division of Biologic Standards, was admin-

istered subcutaneously at 5 dose levels to groups of 20 wean-
ling Fischer 344 rats. The LD50 for a single injection was
5300 mg/kg. When given subcutaneously, twice weekly for four
weeks, the maximum tolerated daily dose was found to be less
than 1700 mg/kg (total dose of 13,600 mg/kg). In a long-term
study, 4 groups of 80, 60, 40 and 20 rats were injected sub-
cutaneously twice weekly for 52 weeks with i000, 300, I00 and

30 mg/kg, respectively. Animals were observed for an addi-
tional 6 months following treatment. In these animals, there
was no evidence of ethylene glycol toxicity based on survival

time weight gain and drug-related organ pathology (Mason et al.
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1971).

.Re;,reductive and Teratogenic Effects

In a study by Ells and Raskova (1964) in which pregnant female
mice were given ethylene glycol orally for 18 days at 0.i or
0.4 of the parenteral LD50, a significant reauction in litter
size was observes. These authors did not give quantitative
data which would allow calculation of doses administered on a
mg/kg basis. The +/-innings appear to be preliminary in nature.

A three-generation dominant lethal study in F2a male rats is

currently in progress (DePass, 1979). Results have not yet
been reported. No literature was found to indicate terato-

genicity for ethylene glycol.

CNS/Behavioral Effects

Ethylene glycol ingestion in humans produces a variety of CNS/
behavioral effects includingnumbness, visual disturbances,
lightheadedness, headache and lethargy-(Berman et al. 1957),
with doses estimated at i000 mg/kg. After ingesting a dose
of approximately 3000 mg/kg, another patient exhibited ataxia,
somnolence and slurred speech, followed by disorientation with
a mental status alternating between stupor and agitation (Parry
and Wallach, 1974). At doses which were to be fatal, coma
developed ater a period of restlessness, delerium, convuls-ive
seizures and a loss of reflexes (Pons and Custer, 1946). These
same symptoms of ataxia, incoordination, somnolence, coma and
eventual death have been reported in dogs (Nunamaker et al.
1971).

Other Observations

In mammals, the toxic effects of ethylene glycol suchas lethal,
metabolic acidosis and the deposition of calcium oxalate crys-
tals have been reported to be due to its metabolism. A series

of inhibitors of metabolizing enzymes were used by Chou and
Richardson (1978) to study the metabolism and toxicity of
ethylene glycol in Wistar rats. The inhibitors blocked the

metabolism of ethylene glycol at several stages leading to the
formation of glycoaldehyde, glycolic acid, glyoxylic acid,
oxalic acid, formic acid and carbon dioxide.

The combination of a lethal dose of ethylene glycol (I0 ml/kg,
ii,i00 mg/kg) and pyrazole (which is an alcohol dehydrogenase
inhibitor) produced 0% mortality compared to 100% when only
ethylene glycol was given. The LD50 values ol the possible





8

metabolites (glycoaldehyde, glycolic acid, glyoxylic acid)
were lowered in animals pretreated with specific enzyme inhi--
bitors. The experiment suggests that ethylene glycol, per se,
was not toxic, but the possible metabolic products were toxic.

Yhe role of ethylene glycol metabolites in the production of
metabolic aciaosis was investigated by Clay ana lqurphy (1977).
Female pigtail monkeys (Macaca nemestrina) were given ethylene
glycol by intraperitoneal injections in doses oi 3 or 4 g/kg
(3,000 or 4,000 mg/kg), while a dog was given 6 g/kg (6,000
mg/kg) of ethylene glycol via nasogastric tube. Venous blood
samples were collected and analyzed for blood gases (p 02 and
p CO2) and pH, and from these data blood bicarbonate values
were calculated. Blood and urine levels of glycolic, glyoxylic
and formic acids were measured. The first monkey which re-
ceived the 4 g/kg (4,000 mg/kg) dose of ethylene glycol ied
15 to 20 hours after dosing, so subsequent trials with this
dose were conducted in animals which were given 4-methyl-
pyrazole (4-MP), an alcohol dehydrogenase inhibitor which was
effective in reversing the acidosis and preventing aeath. The
authors noted that the monkey given 3 g/kg (3,000 mg/kg)
ethylene glycol recovered with no treatment and was apparently
normal several months later.

Progressive metabolic acidosis developed in both monkeys and
the dog over the course of 5 to 12 hours. Concentration of
glycolic acid in blood and urine increased; formic acid levels
were the same as those of the controls and glyoxalic acid was
not detected. The authors also obtained blood and urine from
an ethylene glycol-intoxicated human, and found only uncharged
ethylene glycol and glycolic acid in both samples. No other
data were presented for this patient. This study provised
evidence that ethylene glycol intoxication resulted in meta-

bolic acidosis which was the result of glycolic acid accumula-
tion in Doth monkeys an dogs, and from a qualitative view,
possibly in the human also.

Bove (1966) conucte a study to determine the role oZ ehylene
glycol and its metabolites in renal tubule oxalosis and tox-

icity. Using acute doses of ethylene glycol (9 and 12 g/kg,
9,000 and 12,000 mg/kg), glycoaldehyde (3 and 6 g/kg, 3000 and
6000 mg/kg), glycolic acid (5 g/kg, 5,000 mg/kg) and glyoxylic
acid (i-, 3 and 6 kg, 1,000, 3,000 and 6,000 mg/kg) which were

given to Holtzman rats via a gastric tube, he found profound
renal oxalosis within 24 hours in all animals except those
receiving glycoaldehyde. In those animals, the degree o+/- renal
oxalosis was less extensive. Bore (1966) concluded that while
oxalate crystal production was histologically important, renal
failure following ethylene glycol was a consequence of cyto-
toxicity rather than simple mechanical obstruction ol renal
tubular lumina by oxalate crystals.
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SNARL DeveloPment
Analysis of the available health effects ata on ethylene
glycol toxicity suggests that lethal oral dose in humans is
approximately 3000 mg/kg boy weight Pons and Custer, 1946;
Parry and Wallach, 1974). At this dose level, metabolic
acidosis has been observed. However, a dose as little as
700 mg/kg has been reported (NIOSH, 1978) to be fatal. Min-
imal toxic ose is approximately 1,000 mg/kg where destruction
of kidney epithelial cells in humans has been observed (Berman
et al. i52). A no effect dose level for short-term or single
exposure has been obtained from a study by Reif (1950).

Xinimal oral lethal dose for the other animal species has been
reported: 1,660 mg/kg for cats, 3,800 mg/kg for rats and
7,320 mg/kg for dogs. The gathered data suggest that man is
the most sensitive species with respect to the lethal toxicity
of ethylene glycol for a single exposure.

One-day SNARL

Data of Reif (1950) were used to identify a no effect oral
dose in humans. This investigator drank a 188.6 mg/kg dose ol
ethylene glycol with no discernible effects. Thus, a one-day
SNARL for children exposed to ethylene glycol in drinking water
may be calculated as follows:

188.6 mg/kg x i0 kg 18.86 mg/l
100x ii

19.0 rag/1

lher e 188.6 mg/kg dose of ethylene glycol
i0 kg assed average body weight of a child
I00 uncertainty factor for a human study with

only 1 subject
i i assumed water consumed daily by a chil

Longer-term SNARL

Exposure of male and female rhesus monkeys to 55 to 170 mg/kg/
day ethylene glycol in the diet for 3 years .caused no adverse
response (Blood et al. 1962). A chronic SNARL based on these
data is calculated for a i0 kg child consuming 1 i of water

per day, assuming that 100% of the e>posure is from drinking
water and using an uncertainty factor of i00:

55 mg/kg/day x i0 kg 5.5 mg/l
100xl i





qere

i0

55 mg/kg/day no adverse effect dose
i0 kg assumed average body weight of a child
i00 uncertainty or safety factor
i 1 assumed consumption ol I liter ol water

Analysis

A procedure recommende by Hartman and Bowman (1977) was devel-
oped to determine ppm concentrations Of this compound in drugs
an pharmaceutical formulations. Ho.ever, this procedure could
also be used for the analysis of ethylene glycol in water at
levels of 5-200 rag/liter.

Ethylene glycol may be detemninea by irect aqueous injection-
gas chromatography of samples at concentration levels of at

least 5 10g/liter. The suggested chromatographic parameters are

as follows:

Primary column: 3 mm i.d. by 180 cm long U-shaped glass
column, packed with 15% Carbowax 400 on 80-100 mesh Gas Chrom Q

Temperature:

Carrier gas:

ii0 C

helium at 60 ml/min

Detector: flame ionization

Sample size: 5-10 microliters

The retention time for ethylene glycol under these chromato-
graphic conditions is approximately 13.5 minutes. Confirmatory
analysis by a Porapak R column at 170 C is recommenae.

Treatment

Ethylene glycol is completely miscible with water an regular
treatment with activated carbon does not remove much of it from

aqueous solution. Adsorbability of ethylene glycol is only
0.0136 g per gram carbon with only 6.8% ethylene glycol reten-

tion (Verschueren, 1977).

Conclusions and Recommendations

Ethylene glycol is moderately toxic. Its toxicity appears to

be due to the metabolic products, resulting in metabolic
acidosis nephrotoxicity an the formation o calcium, oxalate

crystals in the kidney and urinary bladder.





Ii

A one-daY SNARL of 19.0 mg/l an longer-term SNARL of 5.5 mg/l
has been calculated.
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INFORLL GUIDANCE LEVEL FOR FORMALDEHYDE
August 27, 1982

Background

The Office of Drinking Water provides advice on health

effects upon request, concerning unregulated contaminants

found in drinking water supplies. This information suggests
the level of a contaminant in drinking water at which adverse
health effects would not be anticipated. A margin of safety
is factored in so as to protect the most sensitive members
of the general population. This guidance is not a legally
enforceable standard.

General Information and Properties

Formaldehyde is characterized by the following properties:
colorless gas; molecular weight 30, melting point -92 C;
boiling point -19 C; vapor pressure -88 at i0 mm Hg; specific
gravity 0.815 at 4 C. In aqueous solution, formaldehyde
undergoes hydrat$on to yield the monohydrate and polymeric
hydrates. The distribution of formaldehyde, as the monomer and

polymer, is dependent on the concentration, age, and tempera-
ture of the formaldehyde solution (Verschueren, 1977).

The odor threshold of formaldehyde in water has been

reported to be 20 mg/liter (Nazarenko, 1960) or 49.9 mg/liter
(Baker, 1963).

The American Conference of Governmental Industrial
Hygienists (ACGIH, 1974) recommends a threshold limit value
(TLV) for formaldehyde of 2 ppm. The present Occupational
Safety and Health Administration- (OSHA) federal workplace
standard for formaldehyde is 3 ppm, as a time-weighted average
concentration over an 8-hour workshift (1979).

The stability of formaldehyde in distilled water, tap

water, and tap water spiked with soil extract is summarized
in a Russian article focusing on allowable concentrations of

formaldehyde in water basins (Nazarenko, 1960). The stability
of formaldehyde in various water samples was assessed by measur-

ing formaldehyde concentration on days i, 2, 3, 4 and 5, respec-
tively. The formaldehyde concentrations .in various water

samples were as follows:
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Formaldehyde (mgl) in Water

Determination Time

Experimental First Second Yhird Fourth Fifth

Conditions Original Day Day Day Day. Day

Distilled Water 4.5 4.5 4.5 4.5 4.5 4.4
Tap Water 5.0 4.7 4.5 4.0 3.5 2.7

Tap Water + 1 mg/l 5.0 4.5 4.3 3.7 3.0 1.5
soil extract

Tap Water + 5 mg/l 5.0 4.3 3.0 NONE
soil extract

The above data show that the formaldehyde concentrations
in distilled water remained constant for 5 days and that the

rate of formaldehyde concentration abatement in water was
highly dependent upon the presence of the relative concentra-

tion of microorganisms.

Pharmacokinetics

Formaldehyde enters the body via ingestion, inhalation,
dermal absorption or ocular contact. The metabolic fate of
formaldehyde has been studies in dogs following oral or

intravenous administration of formaldehyde (Malorny et al.
1965). In one phase of the study, dogs were administered at

0.6 percent formaldehyde solution orally by intubation (70
mg/kg body weight). The principal metabolite, formic acid,
was detected in the plasma at a level of 7.1 mg percent 20
minutes after dosing and a level of 12.9 mg percent 2 hours
after dosing. However, formaldehyde was not detected in the

plasma. In another set of experiments, dogs were administered
a 0.2M formaldehyde solution intravenously (35 mg/kg body
weight).- During infusion, the level of formaldehyde in the-

plasma was 0.95 mg percent while in red blood cells, the level
was 4.06 mg percent. One hour following infusion, formaldehyde
was no longer detectable in plasma although trace levels were

found in erythroctyes (0.2 mg percent). The maximum concentra-

tion of formic acid in plasma was 14.4 mg percent after 1 hour,
suggesting a rapid transformation of formaldehyde to formic

acid. Furthermore, the investigators stated that the biolog-
ical half-life for formic acid was 90 minutes.

The metabolic fate of 14C-formaldehyde in rats has been

studied following intrap?ritoneal aministration (Neely, 1964).
Adult female rats were glven approxlmately 70 mg/kg of





formaldehyde. The investigator reported the following findings:
(a) 82 percent of the formaldehyde dose was detected in the
expired air as 14C02; (b) urine contained about 14 percent of
the isotope in the form of methionine, serine, and an adduct
formed from cysteine and formaldehyde, accounting for 96 per-
cent in 48 hours.

The animal studies in rats by Neely (1964) suggest that
the absorption of formaldehyde is approximately I00 percent of
the formaldehyde dose when administered intraperitoneally.
Therefore, in the development of the guidance level for formal-
dehyde, it will be assumed that I00 percent of formaldehyde
will be absorbed by the exposed individual.

Summary of Toxicity Information

The acute toxicity of formaldehyde from different expo-
sure routes has been determined for the following mammalian
species

Rats, oral LDs0 800 mg/kg; subcutaneous LDso
400 mg/kg; inhalation LD 1 rag/liter (i.0 mg/m3)
(Smyth et al. 1941; Skog]V1950).

Guinea Pigs, oral LDs0 260 mg/kg (Smyth et al. 1941).

Mice, subcutaneous LD50 300 mg/kg (Skog, 1950).

Although a large body of information on the toxic effects
in humans and animals from the inhalation of formaldehyde
exists, the information concerning effects from oral administra-
tion of formaldehyde is very limited.

A study of possible toxic effects of prolqnged, formalde-
hyde ingestion was reported by Yonkman et al. (1941). Two
human subjects were placed on a daily consumption of "pure"
formaldehyde in water for 13 weeks. The subjects initially
received 22 mg of formaldehyde per day for the first 14 days.
Thereafter the daily dosage of formaldehyde was increased
every 7 or 14 days until dosage had reached 200 mg per day by
the 13th (final) week. Blood samples were analyzed periodic-
ally for hemoglobin content, red or white cell counts and
morphology. Urine samples were analyzed for the presence of
formaldehyde and albumin. There were no changes in hemoglobin,
in the number of red and white blood cells or in cell morph-
ology. Urine analyses were negative for free formaldehyde and
albumin. However, the subjects experienced mild pharyngeal
and gastric discomfort, but this was alleviated when the for-
maldehyde dosage was diluted in water by twice the initial
concentration.
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The results of other formaldehyde ingestion studies in
animals were summarized in a Russian review article on allow-
able concentrations of formaldehyde in water basins (Nazarenko,
1960). Dogs an8 rabbits were administered formaldehyde diluted
in water and milk at daily doses of 2-100 mg/kg for up to 129
dsys. Deaths were reported in dogs given as little as 2 mg/kg
for 50 days. Rabbits were less sensitive; only one died that
received 30-100 mg/kg. No effects were observed on hematology,
weight gain, or fertility in rats administered formaldehyde by
stomach tube at 6-8 mg/kg for 124 days. In another experiment,
only slight, inconsistent effects on conditioned reflexes were
observed in rats given formaldehyde in the drinking water at
0.5-20 mg/l for 71-118 days. Formaldehyde administered to rats
in the drinking water at I, 5, and 20 m/l for ii weeks caused
no histologic changes. However, when the dose was increased to
I00 mg/l for an additional unspecified period, there were histo-
logic changes in the liver and spleen.

Carcinogenicity

Some experimental data are available which implicate for-
.maldehyde as a potential carcinogen. Horton et al. (1963)
exposed mice via inhalation to formaldehydevapor at concentra-
tion of 50, I00, and 200 mg/m3 for 1 hour three times a week
for up to 35 weeks. Formaldehyde exposure was continued after
the 35th week for the 50 mg/m3 group at a level of 150 mg/m3
for an additional 29 weeks. Histopathologic analysis of the
animals exposed to formaldehyde levels of 50 or I00 mg/m3
revealed basal cell hyperplasia and stratification of the
epithelium of the trachea and bronchi at exposure levels of
I00 mg/m3, squamous cell metaplasia was evident. However,
there was no evidence of pulmonary neoplasms in mice exposed
to formaldehyde vapor at concentration of 50 mg/m3 for 35 weeks
followed by exposure to 150 mg/m3 for 29 weeks. Ionescu et al.
(1978) detected bronchial cell hyperplasia and squamous cell
metaplasia in rabbits exposed to formaldehyde vapor (3 percent;
I0 gm3) for 3 hours daily for up to 50 days. No squamous cell
carcinomas were noted.

In contrast, Swenberg et al. (1980) reported the occur-
rence of squamous cell carcinomas of the rat nasal cavity after
inhalation exposure to formaldehyde. In the above study,
Fischer rats were exposed via inhalation to formaldehyde vapor
at concentrations of 2.5 mg/m3 (2 DDm), 7.5m/m3 (6 nDm) or
18.7 rag/m3 (15 ppm), 6 hours/day, ’days/week for 18oths
of a 24-month study. Histologic examination of the rats re-
vealed a high incidence (18 percent) of neoplasms of the nasal
cavities in animals from the 15 ppm exposure group killed at
18 months. Histologic examination of tissues from rats ex-
posed to 15 ppm killed after 6 and 12 months of exposure in-
dicated that formaldehyde-induced lesions (epithelial dysplasia,
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squamous metaplasia) were limited to the nasal cavities.

Epithelial dysplasia and squamous metaplasia also occurred in

animals from the 2, and 6-ppm exposure groups; however, no

squamous cell carcinomas were obse,ed.

Mutagenicitv

Formaldehyde produces genetic damage in several micro-

organisms such as Escherichia coli, Salmonella typhimurium,
and Saccharomces cerevisiae. Formaldehyde is weakly muta-

genic as observed in bacterial tests: S. tvphimurium (Sasaki
and Endo, 1978) and E. coli (Nishioka, 973) Formalehyde is

known to induce DNA-ro- cross-links in bacteria (E. coli)
(Wilkins and Macleod, 1976) and in yeast (S. cerevisie)--
(Magana-Schwencke and Ekert, 1978). Formaldehyde-induced
mitotic recombination has also been.reported (Chanet et al.

1975).

Reproductive and Teratogenic Effects

Based on the currently available data from animal studies,
formaldehyde does not appear to have an adverse effect on repro-
ductive processes, embryonic and fetal development, or organo-
genesis. Hurni and Ohder (1973) reported no adverse reproduc-
tive effects in beagle dogs exposed to formaldehyde. In the

above study, dogs were fed diets containing 125 ppm (3.1 mg/kg/
day) or 375 .ppm (9.4 mg/kg/day) of formaldehyde on days 4-56 of

gestation. No adverse reproductive effects were noted in the

formaldehyde-treated group as assessed by the following para-
meters: pregnancy rate, length of gestation, litter size,
growth retardation and survival to weaning. Further, no
visceral or skeletal malformations were noted in the progeny
ofthe formaldehyde exposed group. Marks et al. (1980)
assessed the effect of formaldehyde on reproduction in mice.

In the above study, pregnant albino mice were given formalde-

hyde by gavage at dose levels of 74, 148, or 185 mg/k/day on

days 6-15 of gestation. At the highest dose (185 mg/g/day)
of formaldehyde, 22 of the 34 pregn@nt.mice died before the
18th day, whereas the 74 and 148 mg/kg/day doses had no signi-
ficant effect on the pregnant dams. Formaldehyde had no

adverse effects on reproductive performance in mice as asses-
sed by the following parameters: number of implants, number

of resorptions, fetal deaths and fetal weight. At all dose

levels, formaldehyde had no significant effect on the incidence

of malformed fetuses. The authors concluded that formaldehyde
is not teratogenic to the albino mouse.
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Cardiovascular Effects

The effects of formaldehyde on the cardiovascular system
of rats have been reported by several investigators (Egle and

Hudgins, 1974). Egle and Hudgins invest.igated the effects of
intravenous infusion (0.5, lj 5.0, I0.0, 20 mg/kg) and inhala-
tion exposure [2 mg/ml (2 g/ ] of formaldehyde on blood pres-
sure and heart rate in the male Wistar rat. Formaldehyde was

also given to rats with altered sympathetic function (pretreat-
ment with phentolamine, an adrenergic blocker or reserpine
pretreatment with subsequent adrenalectomy) as well as to

atropinized and vagatomized rats. The effects of formaldehyde
on blood pressure were as follows: a dose of 0.5 mg/kg caused
an increase in blood pressure within 5 second after injection;
a dose of 1.0 mg/kg in most instances produced an increase in
blood pressure, in some instances depressor responses were

noted; at the higher levels (> 5 mg/kg) only depressor effects
were noted, which was also associated with radycardia. In
rats pretreated with reserpine followed by adrenalectomy, the

pressor effects of formaldehyde were less frequent. Further-
more, pretreatment with phentolamine resulted in decreased
pressor effects of formaldehyde. The effect of formaldehyde
on the heart rate < 20 mg/kg did not alter heart rate signi-
ficantly; however, a pronounced decrease in heart rate was
observed after dosing with 20 mg/kg. In addition, the cardio-

inhibitory effect of formaldehyde was markedly decreased by
atropine pretreatment and abolished by vagotomy.

Skin Irritation and Sensitization

Primary skin irritationand allergic contact dermatitis
from formaldehyde is quite common. Allergic contact dermatitis
can be caused by contact with formaldehyde, formalin, formalde-
hyde-releasing agents used in cosmetics, medications, germi-
cides and decomposition of formaldehyde-containing resins.

Phillips et al. (1972) studies the dermal response of rabbit
and human skin to formaldehyde (I0 percent w/v, watem) using
a variation of the standard Draize rabbit irritancy test.

Jordan et al. (1979) examined the formaldehyde threshold re-

sponse in formaldehyde allergic subjects by applying 0, 30, 60,
or I00 ppm of formaldehyde in a methanol-water vehicle for 1
week. The closed patch test method resulted in a response to

30 ppm.

Guidance Development

Currently available animal and human data suggest that
the physiological and/or biochemical changes in the cardio-

vascular and gastrointestinal tract following formaldehyde
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exposure are primary indicators of formaldehyde toxicity.

Acceptable dose-response ingestion data are not available
from which a guidance level can be derived for a short term
formaldehyde exposure. However, in order to have guidelines
available to direct a response in the case of a spill or ac-
cidental contamination, it has been decided to develop a short-
term guidance level for formaldehyde based upon the Yonkman
et al. (1941) sudy in humans.

The adverse effects resulting from daily consumption of
22 mg of formaldehyde in human subjects were mild pharyngeal
and gastric discomfort. The subjects initially had received
22 mg of formaldehyde per day for the first 14 days and there-
after the daily dosage of formaldehyde was increased every 7
or 14. days until it had reached 200 mg per day by the final
week (thirteenth). The dose of 22 mg of formaldehyde (the min-
imal effect level in humans) will be used in proposing guidance
level and a safety factor of I00 will be applied in the calcu-
lation since the observed adverse health effects are based on

only two human subjects.

In calculating the guidance level, children are assumed to

be exposure subjects, and gastrointestinal absorption of for-
maldehyde is assumed to be i00 percent in humans.

Accepting 0.314 mg/kg (22 mg/70 kg) as the minimal adverse
effect ose, calculation of a guidance level for a I0 kg child,
consuming I liter of water, are given below:

Calculations

0.314 mg/kg x I0 kg 0.031 mg/liter/day
i liter/day x I00

The National Academy of Sciences (NAS, 1979) has suggested
that the chronic exposure level for formaldehyde in drinking
water be 0.II mg/liter for an adult. This chronic exposure
level for formaldehyde (0.II mg/liter) is based on the Yonkman
et al. (1941) study. It should be pointed out that considera-
tion of this study for deriving a short-term SNARL (l-day/lO-
day) would have been more appropriate than for a chronic SNARL
value because (I) only two subjects had participated in the
above study and (2) results of recently completed studies
suggest that formaldehyde has carcinogenic potential in
laboratory animals.

Analysis

A sensitive fluorometric method for the measurement of
formaldehyde has been developed by Belman (1963). The fluoro-
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metric method is based on the fluorescence of 3,5-diacetyl-
1,4-dihydrolutidine formed from the reaction between acetyl-
acetone, ammonia, and formaldehyde (Hantzsch reaction). The
minimal detection level is 0.005 ug/ml. The fluorescence is
linear from 0.005 ug/ml to 1.0 ug/ml of formaldehyde. The
procedure is as follows:

Preparation of Reagent: 2M ammonium acetate and 0.02M
acetyl-acetone (2,4-pentanedione) at pH 6.0.

Reaction of Reagent with Formaldehyde: The reagent is
mixed ih an equal volume of samp+/-e solution containing
formaldehyde and the mixture placed in a water bath for
60 minutes at 37 C. Remove samples and cool to room
temperature.

Fluorescence Measurement: The fluorescence is read after
cooling to room temperature. The maxima for fluorescence
excitation is 410 nm and for emission 510 rim.

Treatment

The literature concerning information 8n removal of for-
maldehyde from ambient water is sparse (Giusti et al. 1974).

conclusions and Recommendations

The guidance level for formaldehyde in drinking water is
proposed for short-term exposure. The potential for carcino-
genicity of this chemical has not been considered in developing
this guidance level. The short-term guidance level is 0.030
mg/liter for formaldehyde and is based on mild pharyngeal and
gastric discomfort in adult subjects.
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SNARL for Fuel Oil #2 or Kerosene
Health Effects Branch

Criteria and Standards Division
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

March 19, 1980

THE OFFICE OF DRINKING WATER "SNARLS" PROGRAM

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated with a margin of safety; it

is called a SNARL (suggested no adverse response level). Nor-
mally values are provided for one-day, 10-day and longer-term
exposure periods where available data exists. A SNARL does not

condone the presence of a contaminant in drinking water, but

rather provides useful information to assist in the setting of
control priorities in cases when they have been found.

.In the absence of a formal drinking waer sandard for fuel oil

#2 or kerosene, the Office of Drinking Water has estimated a

suggested no adverse response level (SNARL) following the state-

of-the-art concepts in toxicology for non-carcinogenic risk for
short-term exposures. For carcinogenic risk, where appropriate,
a range of risk estimates is provided for life-time exposures
using a model and computations from the NAS Report (1979) en-

titled "Toxicity of Selected Drinking Water Contaminants."
However, SNARLs are given on a case-by-case basis in emergency
situations such as spills and accidents. The SNARL calcula-

tions for short-term exposures ignore the possible carcinogenic
risk that may result from those exposures. In addition, SNARLs
usually do not consider the health risk resulting from possible
synergistic effect of other chemicals in drinking water, food
and air.

SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead
ultimately to the issuance of a national standard or Maximum

Contaminant Level (MCL). The latter must take into account
occurrence, relative source contribution factors, treatment
technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration
set for SNARL purposes might differ from an eventual MCL. The

SNARLs may also change as additional information becomes avail-
able. In short SNARLs are offered as advice to assist those
that are dealing with specific contamination situations to pro-
tect public health.

Fuel oil #2, also called diesel oil, is a brown, slightly





viscous liquid, with a flash point of I00 F (Sax, N. Irving,
"Dangerous Properties oi Industrial >iaterials," 1975, p. 639,
Van Nostrand Reinhold Company, New York). It is prepared by
fractional distillation o crude petroleum. It is a mixture

of hydrocarbons, belonging to both aliphatic and aromatic

series; in addition, it may contain sul+/-ur and mercaptans.
Its composition varies depending upon the source of origin

such as the United States, didle East, South America, etc.

In general, it is expected to contain low molecular weight
volatile aliphatic hydrocarbons, i0-I carbon-containing

aliphatic hydrocarbons, low molecularweight aromatic hydro-
carbons of the benzene series and a mixture of polynuclear
aromatic hydrocarbons (PAH).

The volatile aliphatic hydrocarbons in the range of C7-C8
should not be a problem in drinking water, and they are

relatively non-toxic. The hydrocarbons having 10-16 carbon
atos in fuel oil #2 are probably the same as those present
in kerosene. These hydrocarbons are very insoluble in water

and one would expect low concentrations of these hydrocarbons
in drinking water at saturation. One would not expect signi-
ficant adverse health risks for a short-term exposure. Similar

compounds, but not in identical formulation, are present in

liquid paraffin which has been used as_a laxative in the past,
ana in medicinal mineral oil.

From among the low molecular weight aromatic hydrocarbons,
the chemical of concern from the health point of view is

benzene. The National Academy of Sciences, in their recent

report, "Toxicity of Selected Drinking Water Contaminants,

1979, has provided guidance on the health effects of benzene.

Their conclusion and recommendations are:

The acute effects of benzene cover a wide range of

signs and symptoms. The effects are transitory but

may lead to more lasting chronic effects such as

anemia. If exposure is continuous and great enough,
leukemia is a strong possibility for susceptible
members of the population. There are no dose-response
data on animals, and the data on humans are inadequate

to caicutate a risk estimate for benzene with mathe-

matical models.

The EPA’s Carcinogen Assessment Group, using epidemiological
data, has attempted to calculate the excess cancer risks

associated with the intake of benzene via inhalation. Using

their guidance, it would indicate that an oral consumption

of 1.5 or 15 ug benzene/liter of water, two liters per day
over a lifetime, would result in an excess cancer risk o I
in a million or I in a hundred thousand. It should be kept
in mind that these estimates and associated concentrations,
however, are rough estimates and are limited by the lack of





the use ol animal toxicological data where exposure levels
were vague and where benzene exposures were complicated with
other possible chemicals. Furthermore, the concentrations
specified for 10 -6 and 10-5 risks are for life-time exposures
an not directly applicable to short-tempi or transient expo-
sures associated with spills.

The Academy has provid=d guidance for the short-term expo-
sure levels for benzene in drinking water. They recommend a
level ol 12.6 mg/l benzene for a seven-ay exposure level.
This recommendation ignored the leukemogenic effect of ben-
zene and does not consider the organoleptic threshold ol
benzene in drinking water. Furthermore, the NAS’ seven-ay
SNARL adresses the 70 kg adult and not the i0 kg child.
Also, the NAS used a safety factor of i00 rather than i000,

The Office of Drinking Water would assume an uncertainty fac-
tor of i000 since the no-observed-adverse health effect num-
ber was not establishe for this animal study. Consequently,
using the study specified by the NAS, a seven-day SNARL of
12.6 mg/l should be reduced to 0.35 milligrams per liter.

where:

(50 mg/kg) (5) i0 kg 0.357 mg/l
(I 1/day) (7) (i000)

50 mg/kg bioeffects observed at-level administered
5/7 fraction converting from 5 to 7-day exposure
i0 kg average weight of a child
I 1/day-- child’s daily consumption of drinking water
i000 uncertainty factor due to animal study where

health effect was observed

It should be recognized that human exposure to benzene also
results from breathing contaminated air and eating food in
addition to drinking contaminated water. Normally, air con-
tributes the majority of an urban dweller’s intake. Benzene
has also been etected in fruits, nuts, vegetables, dairy
products, meat, poultry, eggs, fish and several beverages, etc.

According to the NAS, the average urban dweller’s intake of
benzene from all environmental sources other than drinking
water is normally 85 ug per day.

Among the polyaromatic hydrocarbons that might be expected to

be present in drinking water following a spill, the greatest
concern from the health effects point-of-view would include,
among others, benzo(a)pyrene and 7,12-dimethylbenz[a]anthracene
which are carcinogenic. These compounds are not very toxic for
short-term exposure at the low concentrations expectea to be
present in drinking water as a result of fuel oil spill. In
regard to the carcinogenicity of beno(a)pyrene, the National
Academy of Sciences (1977) stated:
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There is no firm evidence that benzo(a)pyrene
alone produces toxicity, including teratogenicity,
mutagenicity or carcinogenicity in humans. On
the other hand, a mixture o compounds which
contain benzo(a)pyrene as a constituent have
been associated with cancer in man. In such
cases, the exact role of benzo(a) pyrene is

difficult to assess.

For long-term exposure the international standards for drink-

ing water on polynuclear aromatic hydrocarbons is not in excess
o 0.2 ug/l. This is an aggregate ol six representative poly-
nuclear aromatic hydrocarbons--fluoranthene, 3,4-benzofluor-
anthene, ll,12-Denzfluoranthene, 3,4-benzopyrene, 1,12-a-
benzoperylene and indeno (l,2,3-cd)pyrene. Acceptable levels
for a transient situation or short-term exposure undoubtedly
would be higher.

Without the existence of sufficient oral ingestion data for
benzo(a)pyrene via drinking water and if no better quality
water were availaDle, it would be appropriate to suggest that

drinking water contaminated with benzo(a)pyrene would be
acceptable to drink for a short period under a spill situation
if its concentration is such that it .is-approximately equiva-
lent to that normally consumed in food. In other words, a
transient exposure from water at equivalent levels to that
from food and other sources would not significantly increase

normal background related risks. Using EPA’s draft, "Water
Quality Criterion Document for Poiynuclear Aromatic Hydro-
carbons," prepared by Santodonato, Basu and Howard ol January
1979, it can be calculated that man probably eats food con-

taining at leat 48 ug benzo(a)pyrene each day. As a result,
an additional total consumption of 50 ug of benzo(a)pyrene
from contaminated drinking water for a short period would
seem acceptable. Should an adult drink two liters of water

during the emergency situation, then in that case, only 25
ug!l would be acceptable.

To conclude: the recommended seven-day SNARL, -Dasea upon acute

aria subacute toxicity considerations for fuel oil #2 or kero-

sene, is 0.35 mg/l for benzene and 25 ug/! (50 ug total from
drinking water per day) of benzo(a)pyrene. These concentra-

tions should only be tolerated, however, in emergency situa-

tions where no other higher quality sources of water are avail-

able. In other words, finished drinking water containing such

substances should be considered adulterated and would not be
considered acceptable for human consumption. The PAH’s are

readily reduced to very low levels by conventional sedimenta-

tion and adsorption processes and they are also oxidized and

chlorinated during chlorination. Benzene is readily reduced

by treatment with activated carbon. All of these treatments

should be applied where necessary to obtain finished water at

the lowest feasible concentrations.





From a practical point of view, the Oifice of Drinking Water
recommends that the taste and oor threshold level ior kero-
sene or fuel oil of approximately 0.i mg/l (Sto+/-en, 1973.
Toxicology 1:187-195) should be used for the action level
for transient exposures. Transient exposure below the taste
an odor detection iimlt would be acceptable in the event of
e.-ergency and should be considered the action level. In
addition, 0.35 mg/i or benzene and 25 ug/l for total PAH
would also be controlling.
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Advisory Opinion for n-Hexane
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

December 15, 1981.

OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects

upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the

general population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for
selected contaminants in drinking water. An EPA-SNARL and a

NAS-SNARL may well differ due to the possible selection of dif-

ferent experimental studies for use as the basis for the calcu-

lations. Furthermore, NAS-SNARLs are calculated for adults
while the EPA-SNARLs are established for a i0 kg body weight
child. NormalIy.EPA-SNARLs are provided for 1-day, lO-day and

longer-term exposure periods where available data exist. A
SNARL does not condone the presence of a contaminant in

drinking water, but rather provides useful information to as-

sist in the setting of control priorities in cases where con-

tamination occurs. EPA-SNARLs are provided on a case-by-case
basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking
Water has developed EPA-SNARLs following the state-of-the-art
concepts in toxicology for non-carcinogenic risk for short and

longer term exposures. In cases where a substance has been

identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA Carcinogen

Assessment Group (EPA, 1980a) is presented. However, the EPA-
SNARL calculations for all exposures ignore the possible car-

cinogenic risk that may result from those exposures. In addi-

tion, EPA-SNARLs usually do not consider the health risk re-

suiting from possible synergistic effects of other chemicals in

drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to

health effects, it is quite conceivable that the concentration
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set for EPA-SNARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as additional nformation
becomes available. In short, EPA-SNARLs are offered as advice
to assist those such as Regional and State environmental and
health officials, and water treatment facility personnel who
are responsible for the protection of public health when deal-
ing with specific contamination situations.

General Information and Properties

n-Hexane is characterized by the following properties: color-
less flammable liquid, molecular weight 86.17, boiling point
68.76 C, specific gravity 0.655 at 25 C, vapor pressure 150 mm
at 25 C, soluble in water (23 mg/liter), and miscible with

alcohol, chloroform, ethane (Gerarde, 1963).

n-Hexane is produced from crude petroleum by cracking and is
used in determining refractive index of minerals; filling for
thermometers instead of mercury, usually with a blue or red dye
(Merck Index, 1976).

-In air, 1 ppm is equal to 3.52 mg/m3 and 1 mg/l equals 284 ppm
at 25 C, 760 mm Hg (Gerarde, 1963).

Existing limits for n-hexane are as follows:

Occupational threshold limit value (TLV) I00 ppm
(ACGIH, 1976)

National Institute of Occupational Safety and Health
recommended exposure.limit I00 ppm (NIOSH, 1977)

Sources of Exposure

Forthcoming from Science and Technology Branch.





Pharmacokinetics

DiVencenzo et al. (1976) studied the metabolism of n-hexane
and other aliphatic ketones in guinea pigs. All chemicals
were dissolved in corn oil and injected intraperitonea]ly in

a single dose of 450 mg/kg body weight in male guinea pigs.
Blood samples were collected I, 2, 6, 8, 12 and 16 hours
after the doses were administered. The serum was separate8
and then analyzed for n-hexane, aliphatic ketones and their
metabolites. Since the investigators were more interested in

the metabolism of aliphatic ketones, they had identified two

major metabolites of n-hexane, namely, 2,5-hexanedione and
5-hydroxy-2-hexanone in the serum without quantifying them.

DiVencenzo et al. (1980) conducted additional studies on the
metabolism of n-hexane using male Charles River rats dosed
orally with 570 mg/kg n-hexane. The investigators identified

the following five metabolites in the serum of animals:
2-hexanol, methyl n-butyl ketone, 5-hydroxy-2-hexanone, 2,5-
hexanediol and 2,5-hexanedione.

Studies in humans show that n-hexane is metabolized to 2-

hexanol, 2,5-hexanedione, 2,5-dimethylfuran and -valerolactone
(Perbillini et al. 1980). The investigators reported the
results of metabolism of n-hexane in workers following expo-
sure to n-hexane in a shoe factory. In this study, the envi-
ronmental air samples of the shoe factory were collected at

different hours on different days and n-hexane concentration
of these air samples were analyzed by gas chromatographic pro-
cedure. The mean environmental concentration of n-hexane was
411 mg/m3. Urine samples of I0 workers who were exposed to the

above n-hexane during a work period were collected and sub-
jected to acid hydrolysis, enzyme hydrolysis or incubation at

37 C without hydrolysis for identification of metabolites.
The dichloromethane extract of hydrolyzed and non-hydrolyzed
products (n-hexane metabolites) were identified and character-
ized by gas chromatography/mass spectroscopy techniques. The

metabolites of n-hexane in urine and their concentrations fol-
lowing n-hexane exposure were: 2-hexanol (0.05 mg/liter),
2,5-hexanedione (I0.I mg/liter), -valerolaetone (2.4 mg/
liter) and 2,5-dimethylfuran (5.2 mg/liter).

Health Effects

n-Hexane is a neurotoxin in humans and animals, possibly due to

its metabolism to 2,5-hexanedione (Perbellini et al. 1980;
DiVencenzo et al. 1980; Krasavage et al. 1980). Symptoms of
n-hexane toxicity in humans include headache, burning sensation
of the face, abdominal cramps, numbness, paresthesia and weak-
ness of the extremities caused by denervation.





Short-term Exposure

Kimura et al. (1971) studied the single dose oral toxicity of
16 common solvents, including n-hexane, in different age groups
of rats: newborn (I- to 2-days old, 5-8 g), 14-day old (16-
50 g), young adult (80-160 g) and older adult (300-470 g).
Groups of six male Sprague-Dawley rats were used for the young
and older adult studies, and groups of 6-12 Sprague-Dawley rats

of both sexes were used for the newborn and the 14-day old rat

studies. The undiluted solvents were administered orally to

non-fasted rats. A precise LDs0 value for n-hexane could not

be determined for the newborn rats because of measurement limi-
tations, but amounts equivalent to less than 1 ml/kg body
Weight were fatal. The acute oral LDso was 24.0 ml/kg (15.7
g/kg) for 14-day old rats, 49.0 ml/kg (32.1 g/kg) for young
adults and 43.5 ml/kg (28.9 g/kg) for older adult rats.

Hewett et al. (1980) carried out experiments in which groups of

male adult Sprague-Dawley rats were given a single oral dose of

1290 mg/kg of n-hexane solubilized in corn oil (control animals

received corn oil alone). This segment of the expegiment was

to provide evidence of potentiation of chloroform toxicity in

rats, pretreated with n-hexane, or methyl n-butyl ketone or

2,5-hexanedione. n-Hexane induced hepatotoxicity was estimated

(42 hours later) by measuring enzyme activfty, glutamic-pyruvic
transferase (GPT), and ornithine carbamyl transferase (OCT) in

the plasma of animals. The extent of cell damage was assessed
by observing histological change in the liver and nephrotox-
icity was evaluated by monitoring the ability of renal cortical

slices to accumulate an.organic anion (p-amino-hippurate) and

cation (tetraethylammonum) and by determining the blood urea

nitrogen content. The investigators reported that the dose of

1290 mg/kg of n-hexane produced no measurable effects either on

organ weight (liver, kidney) or on any parameters described

earlier.

Longer-term Exposure

Herskowitz et al. (1971) described the effects of n-hexane

vapor on three female employees who worked in a furniture
factory in New York. The three employees worked in a poorly
ventilated room, 3.6 x 3.6 meters, that contained an open 189-
liter drum of n-hexane solvent. Their jobs included dipping
rags into the open drum and wiping excess glue from finished

cabinets, n-Hexane concentration in the room ranged from 650
ppm to 1,300 ppm. First sign of symptoms appeared 2-4 months

after beginning work and the three employees were hospitalized
6-10 months later, when they complained of one or more of the

following symptoms: headache, burning sensation of the face,
abdominal cramps, numbness, paresthesia and weakness of the

distal extremities. Physical examination revealed bilateral





foot-dr0p gait, bilateral wrist drop and absence of Achilles
tendon reflexes.

Electromyographic examination revealed fibrillation potentials
in the small muscles of the hands and feet. Biopsies were made
of the anterior tibial muscle and sural nerves of two of the
patients. The muscles contained small angulated fibers and
other fibers with clear central zones (denervation type injury).
Small bundles of axons from the muscle sections were studied by
electron microscopy and found to contain dense bodies and
fibrous formations, increased numbers of neurofilaments and
abnormal membranous structures with clumped and degenerated
mitochondria. Motor-end plates were also damaged, having
swollen terminal axoplasmic expansions, an increased number of
degeneration mitochondria and an increased number of glycogen
granules, dense bodies, large osmiophilic membranes, synaptic
folds and vesicles. The investigators reported that the health
of these employees had improved after leaving their employment.

The relative neurotoxicity of n-hexane, methyl n-butyl ketone
and their metabolites (2-hexanol, 5-hydroxy-2-hexanone, 2,5-
hexanedione) was compared by administering equimolar doses
(6.6 m mol/kg) of each chemical by garage to groups of male

.rats over a 90-day period (Krasavage et al. 1980). Charles
River male rats were given oral doses of 570 mg/kg (6.6 m mol/
kg) n-hexane 5 day/week for 90 days, 1,140 and 4,000 mg/kg
doses for 120 days. The latter two dose levels were added to
the study because it appeared that the toxic potency of
n-hexane was much less than other comparative chemicals. The
endpoint that was chosen for these studies was the appearance
of severe hind-limb weakness. As soon as this clinical sign
occurred, the animals were killed and the tissues were examined
for histopathological changes. No clinical or histological
signs of neuropathy were observed in the animals at dose levels
of 570 or 1,140 mg/kg n-hexane (although body weights were
depressed at all three dose levels compared to control). At a
dose level of 4,000 mg/kg n-hexane, the clinical and histolog-
ical signs of neuropathy in the animals ocurred at I01 + 9 days.
The histological changes included multi-focal axonal.swellings,
adaxonal myelin infolding and paranodal myelin retraction. In
addition to neuropathy, histologic examination of testicular
tissue revealed varying stages of atrophy of the germinal
epithelium following the administration of 4,000 mg/kg n-hexane.
The relative potency of the test compounds was compared to the
potency of methyl n-butyl ketone by calculating a neurotoxic
index based on the mean time it took a particular compound to

produce the neurotoxic endpoint. The relative neurotoxiclty
of n-hexane and other compounds is summarized in Table I.

A separate study (Krasavage et al. 1980) was carried out to
determine the time course of 2,5-hexanedione in the serum of
rats dosed with each test compound (n-hexane, methyl n-butyl
ketone, 2-hexanol, 5-hydorxy-2-hexanone, 2,5-hexanediol, or





TABLE 1

RELATIVE NEUROTOXICITY OF N-HEXANE, METHYL N-BUTYL KETONE AND TIIEIR COMMON METABOI.ITES

Co____mpound

2,5-Hexanedione
(755 mg/kg)

5 -Hydroxy- .2 hexanone
(765 mg/kg)

2,5-11exanediol
(780 mg/kg)

Methyl n-butyl ketone
(660 mg/kg)

Rats with Neuropath
iinical Histolog

5 5

5 5

5 5

5 5

2-11exanol (675 mg/kg) 4 5

Days to Peak Serum Conc. AUC or Neurotoxic
Endpoint 25HG (qg/ml) 25HDb Index

16.8 + 1.4a 569 + 98.0a 4.2 3.3

21.8 + 1.’0 318 + 51.0 2.9 2.6

29.0 + 1.7 238 + 59.0 2.0 1.9

55.8 + 4.3 III + 1240 1.0 ’i.0

82.5 + 3.2 75 + 6.5 0.2 < 0.7

n-Hexane (570 mg/kg) 0 0 > 90 24 + 1.6 0.2 < 0.6

n-Hexane (I,140 mg/kg) 0 > 90 44 + 2.7 0.7 < 0.3

n-Hexane (4,000 mg/kg) 3 4 101.3 + 94 53 + 7.6 0.9 < 0.08

Control 0 0 > 90

Mean + S.E.

b Area under the curve (AUC) for 2,5-hexanedione was determined by the cut and weight procedure.





or 2,5-hexanedione). An equimolar single dose of each com-

pound (6.6 mmol/kg) was administered orally to groups of three
to five animals and the serum concentrations of 2,5-hexanedione
were measured by gas chromatography at specific intervals for
24 hours. Serum concentrations of 2,5-hexanedione were plotted
against time and the area under the curve was determined by the
cut and weight procedure. The area under the curves of each
test compound were normalized with respect to the area under
the curve for methyl n-butyl ketone (Table I).

Peak serum concentrations of 2,5hexanedione produced by each
compound were directly related to the neurotoxic index. A
similar relationship existed between the neurotoxic index and
the area under the serum concentration-time curve for 2,5-
hexanedione (Table I). These data support the hypothesis that
the neurotoxic potency of these compounds is related to the
animal’s ability to convert these compounds to 2,5-hexanedione,
even though the peak serum concentrations of 2,5-hexanedione
presented were obtained from rats that had received only a
single oral dose of each compound and not from the animals
which had been dosed repeatedly.

Takeuchi et al. (1980) studied the neurotoxicity of n-pentame,
n-hexane and n-heptane in Wistar strain male rats following ex-
posure to 3,000 ppm (10.6 g/m3) of n-pentane, n-hexane, or

n-heptane for 12 hours a day for 16 weeks. The nerve conduc-
tion velocity and the distal latency were measured before the
beginning of the exposure and after the experiment showed that

(I) n-hexane disturbed the conduction velocity of the motor
nerve and the mixed nerve and prolonged the distal latency in
the rat’s tail and (2) the neuromuscular Junction and the

muscle fiber of the rats exposed to n-hexane were severely im-
paired when examined by light and electron microscopy.

Reproductive and Teratogenic Effects

Bus et al. (1979) studied the effects of maternal respiratory
exposure to n-hexane on the size and survival of newborn
Fischer-344 rats. Pregnapt rats were exposed for 6 hours per
day to I000 ppm (3.5 g/m3) n-hexane on Days 8-12, 12-16, or
8-16 of gestation. No significant changes in fetal resorption,
body weights, visible anomalies, and the incidence of soft
tissue and skeletal anomalies were noted in any of the treat-
ment groups. The post-natal growth of pups born from dams ex-

posed to 1,000 ppm (3.5 g/m3) n-hexane 6 hours/day on Days 8-16
of gestation was significantly depressed (P < 0.05) compared to

controls up to 3 weeks after birth. However, litter weights of
treated pups had returned to control values by 7 weeks afte
birth. No anatomic defects or neuropathic symptoms were noted
in treated pups. The investigators concluded that an inhalm-
tion dose of 1,000 ppm (3.5 gTm3) was not teratogenic in
Fischer-344 rats.





Carcinogenic Effects

No studies on the carcinogenic effects of human or animal ex-
posure to n-hexane have been found in the available literature.

EPA-SNARL Development

The peripheral nervous system is reporte8 to be the site of the
principal effects of n-hexane exposure. These effects are con-
sidered to be caused by the metabolic conversion of n-hexane to
2,5-hexanedione.

Insufficient dose-response data are available to derive one-
day, ten-day or longer-term EPA-SNARLs. However, in order to
provide proper guidance in the case of emergencies such as in
a spill or accidental contamination, a one-day and ten-day EPA-
SNARL for n-hexane have been calculated based upon findings
reported by Hewett et al. (1980) and Krasavage et al. (1980),
respectively.

One-day EPA-SNARL

The results of the study in which a group of Sprague-Dawley
male rats were given a single oral dose of 1,290 mg/kg n-hexane
can be used for the derivation of a one-day SNARL, even though
these studies (in which other chemicals were also screened),
were not designed to systematically examine the toxicity of
n-hexane (Hewlett et al. 1980). This dose produced no measur-
able effects on the following parameters after 42 hours: body
weight, relative liver weight, relative kidney weight, plasma
glutamic-pyruvic transaminase, plasma ornithine carbamyl trans-
ferase, hepatic and renal histological changes, uptake of p-
aminohippurate and tetraethylammonium ion by kidney slices,
and blood urea nitrogen. These negative findings (except for
body weight) at the single data point are consistent with the
results reported by Krasavage et al. (1980). In addition, a
safety factor of 1,000 will be used to protect the most sensi-
tive individual because (I) the data are for animals rather
than humans, (2) only one species was considered in these
studies, and (3) these specific observations were based on
administration of a single dose of n-hexane.

The one-day EPA-SNARL is calculated as follows:

1290 mg/kg x I0 kg x 100% 12.9 rag/liter
I liter x I000

13.0 mg/liter





where: 1290 mg/kg single dose given orally
I0 kg weight of protected child
100% percentage of n-hexane absorbed
I liter volume of water imbibed/day by I0 kg child
I000 safety factor to protect most sensitive

individual

Ten-day EPA-SNARL

A ten-day SNARL can be derived from a study (Krasavage et al.
1980) in which Charles River rats were given oral doses of
570 mg/kg n-hexane 5 days/week for 90 days, 1,140 mg/kg dose
for 120 days and 4,000 mg/kg dose for 120 days. Clinical and
histological signs of neuropathy were absent in the animals at
dose levels of 570 and 1,140 mg/kg n-hexane (although body
weights were depressed at all three dose levels compared to
control). The lowest dose administered (570 mg/kg) can be con-

sidered a minimal effect level. A safety factor of 1,000 will
be used since only one species was considered in the study and
the data obtained were part of a broader study dealing with
relative neurotoxicity of n-hexane, methyl n-butyl ketone and
their metabolites.

The ten-day EPA-SNARL is calculated as follows:

570 mg/kg x I0 kg x 100% x 5 4.07 mg/liter
I000 x i liter x 7

4.0 mg/liter

where: 570 mg/kg minimal effect dose level
I0 kg weight of protected child
100% percentage of n-hexane absorbed
5/7 conversion of 5 day/week dosing schedule

to 7 day/week
I000 uncertainty factor
I liter volume of water imbibed/day by I0 kg child

Longer-term EPA-SNARL

Uhere were insufficient data to derive a longer-term EPA-SNARL.

Analysis

A purge-and-trap gas chromatographic procedure described by
Bellar and Lichtenberg (1974) has been tested with a mixture
containing a homologous series of n-alkanes from n-C5 to n-Cl5
in organic free water to determine the effect of variation in
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the physical properties of individual compounds on the effi-

ciency of the system. In this experiment, 5-mls of sample
were injected into the purging device and purged for II minutes

with nitrogen gas. During this time, the volatile components
were transferred from the aqueous phase to the gaseous phase.
These compounds were swept from the purging device and were

trapped in a short tena column. After the purging period,
the trapped components were thermally desorbed and backflushed
onto the head of a gas chromatographic column where they were

separated under the following chromatographic conditions:

Column: stainless steel, 3 feet long x 0.065 inch ID, packed
with 4% SE-30 on Chromosorb-P (NAW) (60/80 mesh).

Carrier gas: nitrogen at 50 ml/min.

Oven temperature: programmed from 60 C to 230 C at a rate

of I’0 C/min.

Detector: flame ionization.

The procedure employed allowed for detection limits of approxi-
mately 1 ug/l of the compounds.

Treatment

Forthcoming from Science and Technology Branch.

Conclusions and Recommendations

The EPA-SNARLs for n-hexane in drinking water are calculated
for one- and ten-day exposure levels. The one-day exposure
level to n-hexane in drinking water has been calculated at

13.0 mg/liter; the ten-day EPA-SNARL, 4.0 mg/liter (both ex-

posure levels calculated for a I0 kg child). Insufficient
data on chronic e:posure to n-hexane are available to develop
a longer-term SNAPL for n-hexane.
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Advisory Opinion for Methyl Ethyl Ketone
Oifice of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

November 19, 1981

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects

upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the

general population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for

selected contaminants in drinking water. An EPA-SNARL and a

NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the

calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-SNARLs are established for a i0 kg body
.weight child. Normally EPA-SNARLs are provided for l-day,
10-day and longer-term exposure periods where available data

exist. A SNARL does not condone the presence of a contaminant
in drinking water, but rather provides useful information to

assist in the setting of control priorities in cases where

contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an

identified drinking water contaminant, the Office of Drinking
Water has developed EPA-SNARLs following the state-of-the-art
concepts in toxicology for non-carcinogenic risk for short and

longer term exposures. In cases where a substance has been

identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as

developed by the NAS (1977 or 1980) and/or EPA’s Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the

EPA-SNARL calculations for all xposures ignore the possible
carcinogenic risk that may result from those exposures. In
addition, EPA-SNARLs usually do not consider the health risk

resulting from possible synergistic effects of other chemicals

in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead

ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment

technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration
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set for EPA-SNARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as additional information
becomes available. In short, EPA-SNARLs are offered as advice
to assist those such as Regional and State environmental and
health officials, and water treatment facility personnel who
are responsible for the protection of public health when
dealing with specific contamination situations.

General Inlormation and Properties

Methyl ethyl ketone (MEK; 2-butanone) is characterized by the
following properties: colorless, flammable liquid, molecular
weight, 72.1, boiling point, 79.0 C, specific gravity, 0.805
at 20 C, vapor pressure, 77.5 mm Hg at 20 C, soluble in

water (0.35 g/l at i0 C), miscible with alcohol, ether and

benzene (Merck Index, 1976).

Methyl ethyl ketone (MEK) is an important industrial chemical
with a wide spectrum ol application. MEK is an excellent sol-
vent for coating (nitrocellulose, vinyl, acrylic), lacquers,
adhesives, printing inks, paint removers and cleaning solu-
tions. Other applications involve use as an intermediate for
the preparation Ofcatalyst, anti-oxidants and perfumes and

in the manufacture ol ethyl-n-amyl ketone and methyl ethyl
ketone peroxide. The latter is widely used as a hardening
agent for the production of reinforced polyester fiberglass
parts for cars, sailboats, recreational vehicles and chemical
storage tanks (Encyclopedia of Chemical Technology, 1979).

In air, i ppm is equal to 2.95 mg/m3 and i mg/! equals 339 ppm
at 25 C, 760 mm Hg (Zakhari et al. 1977).

Existing limits for MEK are as follows:

Occupational threshold limit value (TLV) 200 ppm
(ACGIH, 1980)

National Institute oi Occupational Safety and Health
recommended exposure limit 200 ppm (NIOSH, 1980)

Sources of Exposure

Forthcoring from Science and Technology Branch.
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Pharmacokinet ics

Munies and Wurster (1965) studie the dermal absorption o
MEK in man under normal, hydrated and dehydrated skin condi-

tions. One hundred mi ol >iEK wer= appliea to the forearm

using an absorption cell. The cell was 1.5 cm in depth, 6.5
c wide at one end, 15.25 cm long, an tapered to a width oi

5.5 cm at the other end so that it could be worn comfortably
on the forearm ol the human test subjects. When fixed in

place, the cell had a skin surface of 91.5 cm. The duration
of exposure was 8 hours. MEK was detecte in the expired
air (3.6 ug/l, range 2.4 4.4 ug/l) 15 minutes ater expo-
sure. A steady-state level of 6.5 6.6 ug/l in the expired
air was attained within 2 to 3 hours ater exposure.

The uptake, distribution and elimination of MEK in experi-
mental animals exposed to MEK also have been reported. In a

study by DiVincenzo and co-workers (1976), guinea pigs were

given a single intraperitoneal dose of MEK (450 mg/kg).
Blood smples were obtained via cardiac puncture at i, 2, 4,
6, 8, 12 and 16 hours after dosing. The investigators
reported that (i) the levels of MEK and metabolites in the
serum 1 hour after dosing were about 11% of the administered
dose, (2) the serum half-life of MEK was estimated to be 270
minutes and theclearance time 12 hours, and (3) the metabol-
ires were: 2-butanol, 3-hyroxy-2-butanone and 2,3-butanediol.

Dietz and Traiger (1979) determined the blood concentrations
of 2-butanol, 2,3-butanediol and 3-hydroxy-2-butanone in rats

af.ter a single oral dose of MEK (355 mg/kg). The blood con-

centrations of MEK and metabolites 4 hours after dosing were

as follows: MEK (94.1 mg/100 ml); 2-butanol (3.2 rag/100 ml),
3-hydroxy-2-butanone (2.4 rag/100 ml); and 2,3-butanediol
(8.6 mg/100 ml). The blood concentrations of the parent com-

pound and metabolites 18 hours after dosing with MEK were as

follows: MEK (6.2 rag/100 ml), 2-butanol (0.6 rag/100 ml),
3-hydroxy-2-butanone (1.4 rag/100 ml) and 2,3-butanediol
(25.6 rag/100 ml).

In another study, Traiger an Bruckner (1976) administered a

single oral dose of MEK (282 mg/kg) to rats. Blood concen-
trationsof MEK were determined 2 to 12 hours after dosing
and found to be as follows: 2 hours (70. mg/100 ml), 4 hours

(82 mg/100 ml), 8 hours (65 mg/100 ml) and 12 hours (25 rag/
i00 ml).

Health Effects

Clinical an animal toxicity ata demonstrate that adverse

health effects caused by MEK may occur after exposure by
inhalation, ingestion, or skin contact. The following elects
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have been noted after exposure to MEK: (I) eye, nose aria

skin irritation (disappears when exposure is discontinued),
(2) liver morphologic changes, (3) impaired fetal develop-
ment, and (4) potentiation of the neurological effects ol
neurotoxic cheicals such as n-hexane and methyl n-butyl
ketone.

Short- term Exposure

The acute LD50 ol MEK has been determined for several routes
of exposure:

Animal
Species Route LDo

rat oral 2.9 g/kg

rat inhalation 5.9 g/m3
(2,000 ppm/4 hr)

rabbit dermal > 8 g/kg

Reference

(Kimura et al. 1971)

(Carpenter et al. 1949)

(Smyth et al. 1962)

Kimura and co-workers (1971) have also determined the oral LD50
values for weanling and newborn rats to be 2.5 and 0.8 g/kg,
respectively.

Patty and co-workers (1935) studied the toxic effects of MEK
inhalation in the guinea pig. The animals were exposed to

high concentrations o+/- vapor; 3,300 ppm (9.7 g/m3), i0,000 pm
(29.5 g/m3), 33,000 ppm (97.3 g/m3), or i00,000 ppm (295 g/m )
for various durations up to 14 hours. Pathologic examination

was one on animals that died uring exposure, on those imme-

diately sacrificed after exposure, and on animals sacrificed
4 and 8 days ater termination of exposure. An dose levels,
i0 000 p m (29.5 g/m3) 33,000 ppm (97.3 g/m3), and I00,000 ppm
(25 g/m), MEK exposure’ produced irritation oi the nose and

eyes, tearing, respiratory distress, incoordination and narco-
sis. Exposure to MEK vapor at a concentration of i00,000 ppm
(295 gm ) to guinea pigs for 30 minutes or more resulted in
corneal opacity. This condition gradually improved in guinea
pigs that lived 4 and 8 days following exposure, and at the
end of 8 days the eyes were nearly normal. This condition
was not observed in animals exposed to lower concentration.

The pathologic findings in animals that died during exposure
or sacrificed immediately after exposure (at all levels except
3,300 ppm) to FK were as follows: liver, kidney, lung and
brain congestion and emphysema. Congestion of the visceral
organs was notobserved in the animals sacriliced 4 and 8
days after terraination of MEK exposure.
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Recent studies have assessed the hepatotoxic eiect of MEK
after acute exposure (DiVincenzo and Krasavage, 1974).
Guinea pigs were aministered a single intraperitoneal dose
ot MEK (750, 1500, or 2,000 mg/kg). Twenty-four hours after
exposure, blood samples of animals were analyzeo for orni-
thine carbamyl translerase (OCT) activity an liver tissues
were examined for histopathological changes. Liver injury
was obsez-ea as increasea lipi content ano elevatea serum
ornithine carbamyl transferase activity, a sensitive enzy-
matic assay for liver injury (Davidsohn ana Wells, 1965).
Elevated serum OCT activity was observed 24 hours after
administration of 2,000 mg/kg o MEK. Lipid accumulation
in liver cells of the animal was present at the two higher
doses (1,500 ana 2,000 mg/kg).

Zakhari and co-workers (1977) reported on the hemodynamic
eifects ol the inhalation o+/- 1.5 g/m3, 2.9 g/m3, 7.4 g/m3,
14.8 g/m3, or 29.5 g/m3 concentrations ol MEK on a group of
seven adult mongrel male and female dogs, weighing 17 to 23
kg. MEK was administered in a sequence of increasing con-
centrations to each of the seven dogs (5 minutes at each con-
centration), which were anesthetized intravenously with 30 to

35 mg/kg pentobarbital. The parameters tested were: aortic
pressure, arterial blood flow, left arterial pressure, pul-
monary arterialpressure, and left ventricular pressure. Ex-
posure o 1.5 g/m3 MEK vapor caused no signilican change
relative to the controls in any of the parameters studied.
Significant increases in pulmonary arterial pressure and pul-
monary vascular resistance were observed at the 2.9 g/m3 MEK
concentration. These increases were maximal at the 29.5 g/m3
MEK exposure level. The inhalation of 14.8 g/m3 MEK caused
significant decreases in heart stroke volume and stroke work.
The mechanism by which MEK induced these changes is not
kno at the present time.

Longer, term Exposure

LaBelle and Brieger (1956) compared the longer-term exposure
of composite solvent, containing 235 ppm (0.693 g/m3) MEK and
seven other solvents (total of 226 ppm) to MEK alone. In each
case, 25 rats were exposed to the composite solvent vapors,
MEK vapors, or air alone for 7 hours per day, 5 days per week
for 12 weeks. There were no deaths or sign ol toxicity ob-
served in the animals. There were also no significant gross
or microscopic pathological changes observed at autopsy upon
examination of control or exposed animals.

A somewhat different type of study was carried out to investi-

gate in rats the development of peripheral neuropathy among
users ol printer’s ink (Duckett et al. 1974). Methyl n-butyl
ketone (MBK) was tested for six weeks (8 hours per day, 5 dates





a week) both alone (200 pm, MBK) and in combination with ME}[

(2,000 ppm, 5.9 g/m3). A 1 rats surviving the duration ol the

experiment exhibited muscular weakness of the limbs (which
with methyl n-butyl ketone alone disappeared 3 hours after
daily exposure, but with the combination, remained at least

24 hours). After sacrifice, microscopic examination of the
sciatic nerve revealed extensive axonal damage as well as wide-

spread perinodal and segmental deterioration of myelin.

Reproductive and Teratogenic Eflects

Data reported by Schwetz and co-workers (1974) implicates MEK
as an embryotoxic, fetotoxic, an teratogenic agent in the rat.

Pregnant rats (Sprague-Dawley) were exposed to MEK vapor at a

concentration of 1,126 ppm (3.3 g/m3) or 2,618 ppm (7.7 g/m3)
for 7 hours/day on Days 6-15 of gestation. The following
parameters were evaluated: maternal mortality, liver weight
and behavior, number of corpora lutea/dam, nUmber of resorp-
tions, number of implantations, fetal mortality, fetal weight
and size, and skeletal and visceral anomalies among the fetuses.
K exposure at either dose level did not appear to adversely
effect the number of implantation sites, the number of live

fetuses/litter,an the number of corpora lutea/dam. There
was evidence of fetotoxicity as indicated by a marked decrease

in fetal body weights following exposure to 1,126 ppm (3.3
g/m3). Decreased fetal weight was not observed after exposure
to 2,618 ppm (7.7 g/m3) of MEK. Skeletal and visceral anom-
alies were noted after exposure to MEK. The total incidence

of skeletal anomalies (skull, vertebral, and sternebral) was
increased significantly (P < 0.05) in the MEK-treated groups
(1,126 ppm exposure group), compared to the controls. Further,
a significant difference (P < 0.05) was observed in the inci-

.dence of skeletal defects of the sternum ol the high-dose group
ana control. The occurrence of.visceral.anomalies, including
dialated ureters and subcutaneous edema, was significantly
increased in the otfspring of rats treated with the high
dose group (2,618 ppm, 7.7 g/m3).

The results of a recent study of embryo- and fetotoxicity of

inhaled IVK in rats were reported by Deacon and co-workers
(1981); In this study, pregnapt Sprague-Dawley rats were
exposed to 0, 400^ppm (1.2 g/mS), i000 ppm (2.9 g/m3), or

3000 ppm (8.8 g/mS) MEK for 7 hours/day on days 6 through 15
ol gestation. Maternal toxicity, as evidenced by decreased

weight gain and increased consumption, was observed among rats

exposed to 3000 ppm (8.8 g/m3) MEK. Slight fetotoxicity was
observed among litters of rats exposed to 3000 ppm (8.8 g/m3)
MEK as evidenced by an increased incidence of two minor

skeletal variants. The results of this study verify the ob-

servation of an increased incidence of skeletal variants

observed in the earlier study by Schwetz and co-workers (1974).





7

CNS and Behavioral Effects

Current toxicologic data indicate that MEK along does not pro-
duce neurotoxicity; however, MEK potentiates the neurotoxic
action of methyl n-butyl ketone and n-hexane (Saia and co-
workers, 1976; Spencer and Schaumburg, 1976; Altenkirch an
co-workers, 1978). In the study by SalSa an co-workers (1976),
rats were continuously exposed to MEK at a vapor concentration
ol 1125 ppm (3.3 g/m3) or to the combination ol MBK:MEK at

225:1i25 ppm (0.9:3.3 g/m3). Rats exposed to MEK vapor Zor up
to five months di not manifest neurotoxic signs. Animals
exposed to MBK/MEK vapor in a ratio of 225:1125 ppm developed
clinical evidence of neurotoxicity (increased number of neuro-
filaments, axonal swelling, impouching of myelin sheath, ans
decreased myelin content) at 25 days, whereas rats exposed to

MBK alone (225 ppm; 0.9 g/m3) exhibited peripheral neuropathy
after 66 days of continuous exposure.

Spencer and Schaumberg (1976) found no evidence of neuropathy
in cats given subcutaneous injections of MEK (150 mg/kg twice

daily, 5 days/week) for up to 8.5 months. Animals similarly
exposed to a combination of MBK and MEK [in a ratio of 1:9]
resulte in no neu.rologic dysfunction, observations which are
in contrast to the findings of Saida an co-workers (1976).

Potentiation of n-hexane induced neuropathy by K has been
reported by Altenkirch and co-workers (1978). Male Wistar

rats were exposed to n-hexane (i0,000 ppm), MEK (6,000 ppm)
or MEK/n-hexane (i0,000 ppm in a ratio of 1:9) 8 hours/day,
7 .days/week or a period of 15 weeks. MEK alone produced no

neuropathologic changes. However, polyneuropathy was evident

in animals exposed to n-hexane or to MEK/n-hexane vapor.
Potentiation of n-hexane neurotoxicity was evident as noted

by a decreased time to onset of morphological (breakdown
myelin and axonal structures in peripheral nerves and spinal
cord) and clinical signs (paralysis) of neurotoxicity in the

MEK/n-heane group versus the n-hexane group.

tagenic Effects

The mutagenic potential of MEK was investigated in a testing
of microbial mutagenicity of pesticides (Smirasu, 1976). In
this study, FZK was used as one of several solvents for the

mutagenicity screening. The test systems used were Escheri-

chia coli WP2, Salmonella typhimurium straih TA1535, TA1537,
TA--3 and TA1538 to detect base-pair substitutions and
frameshift mutations, there was noincrease in the number

of revertants observed in any of the test systems following
exposure to MEK. However, it should be noted that MEK was

tested as a solvent control at a single concentration.





Carcinogenic Effects

No studies on the carcinogenic eflects o human or anial ex-
posure to MEK have been foun in the available literature.

EPA- SNARL Development

Currently available data suggest that following exposure to

MEK, the cardiovascular, hepatotoxic, fetotoxic, and embryo-
toxic effects appear to be sensitive indicators ol MEK toxi-

city. However, these adverse elfects were elicited in vari-
ous short-term animal studies.

Insufficient dose-response data are available to derive one-
ay, ten-day and longer-term EPA-SNARLs. However, in order
to provide proper guidance in the case of emergencies such as
in a spill or accidental contamination, a one-day EPA-SNARL
for MEK is calculated based upon findings reported by
DiVincenzo an Krasavage (1974). Guinea pigs were administere
a single intraperitoneal dose of 750, 1,500 or 2,000 mg/kg of
MEK. Hepatotoxicity in guinea pigs was measured in terms o
increased serum ornithine carbamyl transferase activity and
lipid accumulation in the liver. Elevated serum ornithine
carbamyl transferase activity was observed 24 hours after
administration of 2,000 mg/kg of MEK. Lipid accumulation in
liver cells of animals was noted also at the two doses (1,500
and 2,000 mg/kg). Therefore, in view of demonstrated hepato-
toxicity in terms of increased serum enzyme activity (at dose
level o 2,000 mg/kg) and lipid accumulation in the liver cells
at dose levels of 1,500 and 2,000 mg/kg of K, the lowest
dose level, 750 mg/kg will be used in the development of a
one-day EPA-SNARL. Since.the data are for animals rather than
.humans and only one species was consiaered, a safety factor of
I000 will be used. Furthermore,.in calculating the EPA-SNARL,
children are assumed to be the exposure subjects.

One-day EPA-SNARL

The one-day EPA-SNARL is calculated as follows:

750 mglkg x i0 kg x 100% 7.5 rag/liter
i liter x i000

where: 750 mg/kg no-elfect dose given intraperitoneally
i0 kg weight of protected chil
100% percentage of compounds absorbed
i liter volume of water imbibed/day by i0 kg child
i000= salety factor to protect most sensitive

individual
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Ten-day EPA- S-ARL

The ten-day EPA-SNARL is calculatea by dividing the one-day
EPA-SNARL value by i0.

7.5 rag/liter 0 750 rag/liter
i0

Longer-term EPA- SNARL

There-ere insufficient data to derive a longer-term EPA-SNARL.

Analysis

Many methods are available for the analysis of ketones in
environmental samples: gas-chromatography, colorimetry, uv-
spectroscopy, an titration ol iodoiorm. Gas chromatographic
analysis provides a sensitive method for the detection and
quantitation ol MEK in environmental samples. A gas chromato-
graphic method for the analysis of MEK. in water has been des-
cribed (Wang and Bricker, 1979). The procedure is as follows:

i. Sample Collection and Preparation

a) 25.0 ml of water is collected and placed in a
bubbler unit.

b) Nitrogen gas is bubbled through the sample to purge
volatile organics from water onto a Tenax column.
Stainless tubing (13 cmx 6 mm ID) packed with 0.29
of 60/80 mesh Tenax).

2. Sample Analysis

gas chromatograph: instrument with flame ionization
detector

column: glass column, 1.2 x 3 mm OD, packed
with 0.2% Carbowax 1500 on 60/80 mesh
Carbopake

gc-conaitions: carrier gas: nitrogen flow rate 8
ml/mn

column temperature: 60 C
injector port
temperature 165 C
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Treatment

Forthcoming Irom Science an Technology Branch.

Conclusions and Recommendations

The EPA-SNARLs or methyl ethyl ketone in drinking water are
calculated for a one- and ten-day exposure. The one-day and
ten-day EPA-SNARL are 7.5 mg/liter and 0.75 mg/liter, respect-
ively and are based on hepotoxicity observed in terms of in-
creased serum enzyme activity (ornithine carbamyl trans{erase)
and lipid accumulation in the liver of animals.
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Health Advisory for Polychlorinated Biphenyls (PCB’s)
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

August 27, 1982

OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides, advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies; This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the
general population. Health advisories (HAs) have been calcu-
lated by EPA and Suggested No Adverse Response Levels (SNARLs)
have been calculated by the National Academy of Sciences (NAS)
for selected contaminants in drinking water. An EPA-HA and a
NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-HAs are established for a i0 kg body
weight child. Opt.imally, EPA-HAs are provided for one-day,
ten-day and longer-term exposure periods where available data
exist. A Health Advisory does not condone the presence of a
contaminant in drinking water, but rather provides useful
information to assist in the setting of control priorities in
cases where contamination occurs. EPA-HAs are provided on
a case-by-case basis in emergency situations such as spills
and accidents, i.e. for transient exposures (no more than I-2
years) rather than lifetime.

In the absence of a formal drinking water standard for an
identified drinking water contaminant, the Office of Drinking
Water has developed EPA-HAs foilowing the state-of-the-art con-
cepts in toxicology for non-carcinogenic risk for short and

longer term exposures. In cases where a substance has been
identified as having carcinogenic potential, a range of esti-

mates for carcinogenic risk based upon lifetime exposure as
developed by the NAS (1977 or 1980) and/or EPA Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the
EPA-HA calculations for all exposures ignore the possible
carcinogenic risk that may result from those exposures. In
addition, EPA-HAs usually do not consider the health risk

resulting from possible synergistic effects of other chemicals
in drinking water, food, and air.

EPA-HAs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead
ultimately tO the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account
occurrence, relative source contribution factors, treatment





2

technology monitoring capability, and costs, in addition to

halth eilects. Thus, it is quit conceivable that the con-

centration set for EPA-HA purposes might differ from an even-

tual MCL. The EPA-HAs may also change as additlonal informa-

tion becomes available. In short, EPA-HAs may also change as

additional inlormation becomes availaDle. In short, EPA-HAs
are offered as advice to assist those such as Regional and

State environmental an health o+/-ficials, and water treatment

facility personnel who are responsible for the protection oi

public health when dealing with specilic contamination situa-

tions.

General Information and Properties

Polychlorinated biphenyls (chlorobiphenyls, PCBs) belong to a

class of chemically stable, multi-use industrial chemicals that

have been widely distributed in the ecosystem. Tehnical pre-
parations are complex mixtures of discrete PCB isomers. Be-
cause of their physicochemical properties, PCBs have been used

as heat exchangers, dielectric, hydraulic, and lubricating

fluids, plasticizers, pesticide extenders, adhesives,, printing

inks and surface coatings.

The physical and chemical properties and the chemical formula-

tions of polychlorinated biphenyls vary considerably, depend-
ing on the amount ana position of chlorine substitution. Such

properties as stability, volatility, and water solubility are

particularly important in regard to rate of occurrence in

the environment. The higher chlorinated biphenyls are less

volatile than the lower chlorinated biphenyls (Mieure, 1976).
Polychlorinated biphenyls are extremely insoluble in water.

The solubility of commercial mixtures (for example, the Aro-

clors) ranges between 25 to 200 ppb (25 to 200 ug/liter), de-

pending on the chlorine content (Nisbet and Sarofim, 1972;
Haque et al. 1974). The solubility of discrete PCB isomers

has been examined and values range between I to 600 ppb (I to

600 ug/liter), depending on the degree of chlorine substitu-

tion in the biphenyl ring (Haque and Schmeddig, 1975).

Sources of Exposure

Forthcoming from STB.





Pharmacokinetics

Many PCBs are completely absorbed from the Gl-tract and are

not excreted appreciably prior to their metabolism to more

polar compounds (Albro and Fishbein, 1972). These investi-

gators demonstrated that discrete PCB iosomers, containing
one to six chlorine atoms per molecule, were absorbed com-

.pletely from the rat intestine after a single oral dose of 5,

50 and 00 mg/kg body weight.

Burse et al. 1984 studied the distribution, retention, ana
excretion o5 Aroclors 242 and 06. Rats were fed diets con-

taining 100 ppm (3.8 6.9 mg/kg/day) of Aroclor 242 or 016
for up to 10 months. Plasma, urine, liver, brain, kidney and

fat samples were analyzed for PCB residues at 0.5, I 2, 4, 6,

8 and 0 months. The average concentrations of PCB-derived
material in tissues of animals fed Aroclor ]242 after I month

were as follows: plasma (0.8 ppm), urine (<0.01 ppm), fat

(85 ppm), liver (I .5 ppm), kidney (0.5 ppm) and brain (<0.25
ppm). After ten months on the diet, the tissue levels of PCB
were as follows: plasma (0.17 ppm), urine (<0.0 ppm), fat

(33 ppm), liver (6.4 ppm), kidney (3.1 ppm) and brain (2 ppm).
The highest concentrations o5 PCB residues were found in adi-

pose tissue; the levels for liver, kidney and brain were low-

er. The levels of PCBs in plasma and urine were less than

ppm. In fat tissue, a steady state of storage was attained

in four months.

In another phase of the study, Burse and co-workers fed rats

PCB diets containg 100 ppm (3.8 6.9 mg/kg/day) of Aroclors
242 or I06 for 6 months. The PCB residues were measured 2,
4, 5 and 6 months after PCB exposure was discontinued. The

levels of PCB residues in the various tissues two months after

cessation of exposure to Aroclor 1242 were as follows: plasma
(0.44 ppm), urine (0.2 ppm), fat (60 ppm), liver (4.3 ppm),
kidney (2.0 ppm) and brain (I.0 ppm). Six months after ter-

mination of exposure to Aroclor 242, the tissue levels were

as follows: plasma (0.12 ppm), urine (0.004 ppm), fat (24 ppm),
liver (0.97 ppm), kidney (0.34 ppm) and brain (0.5 ppm). The

levels of PCB residues in the tissues two months after ter-

mination of exposure to Aroclor I06 were as follows: plasma

(0.15 ppm), urine (0.33 ppm), fat (104 ppm), liver (2.2 ppm),
kidney "(] ppm) and brain (I .4 ppm). Five months after ex-

posure to Aroclor 1016 was terminated the levels of PCB resi-

dues in the different tissues were as follows: plasma (0.06

ppm), urine (0.009 ppm), fat (28 ppm), liver (I ppm), kidney

(0.44 ppm) and brain (0.33 ppm). The data indicate that de-

tectable quantities o5 PCBs were noted at 5 to 6 months after

termination ol exposure. Further, the data show that Aroclor

016 was eliminated more rapidly from the body stores than

Aroclor 1242.

In mammals, excretion of PCBs in milk an the transplacental
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passage .of PCBs also have been noted (Fries et al. 1972;
Curley et al. ]975). Fries and co-workers lea 200 mg per day
of Aroclor 1254 (0.4 mg/kg/day) to cows for 60 days. Concen-
trations of PCB residues in milk fat increased with exposure
(45 and 66 ug/g at 30, and 60 days, respectively) and decreased
after discontinuing exposure (19 ug/g at 60 days a+/-ter termina-

tion of exposure). Curley et al. (]973) fount measurable
levels (0.63 to .38 ug/g) oi PCBs in fetuses eiiverea on day
20 of pregnancy from rats given 10 or 50 mg/kg/day of Aroclor
1254 on days 7 through 15 of gestation.

The reports indicate that PCBs are completely absorbed after

ingestion. Then, they are distributed into tissues, i.e.,
plasma, brain, liver, kidney and fat. Transplacental passage
of PCBs have also been noted. Repeate exposure appear to in-

crease PCB’s concentrations in the tissues whereas cessation

oi exposure reduces the concentration. Elimination of PCBs is

slow and have been reported to be via urine and milk in the

case ol females.

Health Effects

The adverse health effects ol polychlorinated biphenyls are

numerous and varied, The following effects have appeared in

susceptible organisms following exposure to PCBs: liver mor-

phological changes, hepatic microsomal enzyme induction, al-
terations in porphyrin and lipid metabolism, tumor formation,
diminished reproductive function, impaired fetal and neonatal
development, modifications in behavior and motor function, im-

paired humoral and cell-mediated immune function, altered
hormonal physiology and dermatologic modifications. The ad-

verse health effects in experimental animals as well as those

observed in man, accidentally and occupationally exposed, point
to the risk for the general population.

Short-term Exposure

The single-dose oral LD50s of various technical mixtures of

PCBs (Aroclors) in the adult rat range from to 0 g/kg
(Bruckner et al. 1973; Linder et al. 1974; Grant and Phillips,
1974). The current data also indicate that immature animals

may be more sensitive than adults (LD50 of I..3 g/kg, versus

4 and 10 g/kg, weanling rat and adult rat respectively), an
that females are more susceptible than males (Linder et al.
1974). Short-term exposure of rats 6o technical mixtures of

PCBs at high doses (2.5 to 6.0 g/kg) results in diarrhea,
anorexia, obliguria and liver necrosis (Bruckner et al. 973).





Longer- term Exposure

In contrast to the acute toxicity of PCs, aspects of sub-
acute toxicity oi PCB mixtures and discrete PCB isomers are of
considerable concern, exhibiting species sensitivity and
cumulative toxic effects followig continuous exposure at low
levels. The most striking findings in mammalian species are
.physiological and morphological alterations to the liver which
include: organ enlargement, fatty infiltration, centrolobular
necrosis, proliferation of hepatic en.oplasmic reticulum,
increase cytocrome P-450 levels, induction of hepatic mixe-

function oxidase (MFO) enzymes and effects on liver porphyrin
metabolism. Bruckner et al. (1973) reported loci ol sudano-
phiiic vacuolation in the liver and kidney of rats on an oral
dosing regimen ol Aroclor 1242 (100 mg/kg every other day up
to 3 weeks). Kimbrough et al. (1972) studied the effects oi
comr.lercial PCB mixtures in the rat after eeing 20 to 100 ppm
(i.0 to 45 mg/kg/day) of Aroclors 1254 or 1260 in the diet for
8 months. Histopathologic changes consisted ol liver cell
hypertrophy, cytoplasmic inclusions and lipid accumulation.
The effects of subacute exposure to PCB mixtures (Aroclor 1248)
[25 ppm in diet (0.4 mg/kg/day) for 2 months] on the Rhesus
monkey include generalized alopecia, lipid infiltration
_hepatic cells, proliferation of hepatic smooth endoplasmic
reticulum an bone marrow hypoplasia (Allen et al. 1974).

The most conspicuous biochemical effects of PCBs are the induc-
tive effect on hepatic mixed-function oxidase enzymes and the
modification of porphyrin metabolism. The inductive eflect is
well documentd. The enzyme systems studied have been princi-
pally N- and O-demethylases and hydroxylases. In general, the
degree of induction increases as the level of chlorination in-
creases. Threshold values (0.5 ppm, 0.02 mg/kg/day) for hepa-
tic microsomal induction have been proposed based on enzyme in-

duction following exposure to PCB diets containing ppm levels
of Aroclors 1242, 1248, 1254 and 1260 for up to 4 weeks
(Litterst et al. 1972). However, Turner and Green (974) re-

ported a threshold dose for MFO induction of between I anO 0
ppm based on microsomal enzyme activities of rats fed diets
containing I .0 or 10 ppm (0.04 or 0.4 mg/kg/day) of Aroclor
1254 for 12 weeks.

Hepatic porphyria, which is characterized by increased urine

porphyrin levels and skin photosensitivity, can be experiment-
ally produced by PCBs. Experimental hepatic porhyria has been
observed in rats after 4 to 6 months’ exposure to 25 ppm (1.1
mg/kg/day) of Aroclor 1242 (Bruckner et al. 974), in rabbits

after 4 weeks exposure to 27 dermal applications of 50 to 60
mg/kg body weight of Aroclor 1260 (Vos an Notenboon-Ram, 1972),
and in chickens after exposure to 400 ppm (24 mg/kgTay) for

60 days (Vos and Koeman, 1970).
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_Rep_r__od_u>ti_yi- and Teratogen_ic _E_f+/-ects

Studies on the reproductive effects of Aroclor 1254 in rats

have been reported by Villeneuve et al. (1971) and Curley et al.
(1973). in the study by Villen,uve et al.. (197]), rats were
dosed orally with 6.2, 12.5, 25.0, 50.0 and 100 mg/kg on the
sixth to fifteenth day of gestation. Curley and co-workers
administered oral doses of 10 or 50 mg/kg daily Irom day 7 to

15 o+/- gstation. .inimal to no differences were noted in the
number of resorptions, number of litters, litter size, litter
weight (except at the highest dose, 100 mg/kg body weight),
and survival rate to weaning between PCB-treated and control
groups. Skeletal and visceral anomalies were not seen in the
offspring of PCB-treated rats.

Two-generation reproductive studies in rats were conducted by
Linder et al. (1974) to assess the reproductive effects of Aro-
clots 1254 and 1260. Exposure to PCB was continuous during
mating, gestation, and lactation until the animals were sacri-

ficed. The Fo rats were fed dietary levels of Aroclor 1254
or 1260 at concentrations o 5, 20 or 100 ppm (0.32, 1.5, 7.6
mg/kg/day) for 62 or 188 days prior to mating. The F I rats

were bred after exposure for 129 or 274 days (conception to

mating) to 20 or 100 ppm (I .5 or 7.6 mg/kg/day).

The F0 rats fed 100 ppm (7.6 mg/kg/day) of Aroclor 1254 pro-
duced smaller litters than controls in both F1a and Fib gen-
erations. Survival to weaning was not altered significantly
in the F progeny. A decrease in litter size was also noted
in’ the F generation with F0 rats exposed to 20 ppm (1.5 rag/
kg/day) o Aroclor 1254. The Fib rats bred after exposure for

129 or 274 days to 20 or 100 ppm (I .5 or 7.6 mg/kg/day) also
produced smaller litters (F2a F2b generations). A marked de-

crease in reproductive performance was noted in the 100 ppm
group where only four and seven litters were produced in the

F2b and F2a generations, respectively. Furthermore, survival

to weaning was decreased in the 00 ppm (7.6 mg/kg/day) F2a
offspring. No effect on reproduction was observed in rats ad-

ministered diets containing 5 ppm (0.32 mg/kg/day) through two

generations. No effect on reproduction was noted in rats fed
diets containing 5, 10 or 100 ppm (0.39, 1.7, 7.4 mg/kg/day)
of Aroclor 1260 through two generations.

In both studies, no teratogenic effects were observed. It is

of interest that no reproductive effects were noted with Aro-

clor 1260 at dietary levels of 5, 20 or 100 .ppm, whereas,

adverse reproductive effects were seen at these dosage levels

with Arocior 1254. The data suggest that in mammalian species,

reproductive effects diminish with icreasing chlorine content.

Shiota (1976a) reported no marked changes in resorption rates,

fetal viability, neonatal death, or fetal abnormalities after
female rats were fed diets contaiing up to 500 ppm (28-35 rag/
kg/day) of Kanechlor 300 or 600 during gestation.





Rabbits appear to be more susceptible to PCB-induced repro-
ductive efiects and fetotoxicity than rats. In the study by
Villeneuve et al. (1971), Aroclor 1254 was given orally to
rabbits at doses of I, 10, 12.5, 25.0 and 50.0 mg/kg for t;e

first 28 days of gestation. At a dose level of 2.5 mg/kg/day
advers rproductive effects were observe (resorptions,
aborted fetuses, decreased litter size). In the 12.5 mg/kg
group two aborted fetuses were found to have skeletal de-
formities (as}metrical skull). Visceral anomalies, however,
were not seen in the progeny of the PCB-treated rabbits, at

any dose level.

In a study by Platonow and Karstad (1973), mink were fed a diet
containing 0.64 or 3.57 ppm (0.07 or 0.04 mg/kg/day) of Aroclor
1254 for up to 105 days. Reproductive failure resulted. No
litters were produced by the females fed diets containing 3.57
ppm Aroclor 1254. One female produced a litter fed the lower
levels of PCBs (0.64 ppm); the progeny from this litter died
soon after birth.

In subhuman primate species (Rhesus monkey), low levels of
PCBs have been demonstrated to have an adverse effect on

reproduction as well as to produce fetotoxic effects (Allen
et al. 1974; Barsotti et al. 1976). In the study by Barsotti
and co-workers, the reproductive and embryotoxic effects of
Aroclor 248 were studied in Rhesus monkeys exposed to dietary
levels o 2.5 and 5.0 ppm of PCBs (0.03 and 0.115 mg/kg/day).
At the high dose, reduced conception rates were noted as well
as higher resorption rates. Further, the offspring of PCB-
treated mothers were smaller than normal (reduced crown-to-
rump lengths). Prolongation of the menstrual cycle also was
observed in animals exposed to PCB at these low dietary levels.

Carinogenicitx

Laboratory carcinogenesis studies have been conducted in vari-

ous species using technical PCB mixtures as well as discrete
PCB isomers. Adenofibrosis, hyperplastic nodules, adenomas and
carcinomas of the liver were observed following exposure to

PCBs (Kimbrough et al. 1975; Kimbrough and Linder, 1974; NCI,
978). In the study reported by Kimbrough et al. (1975),
chronic feeding (21 months) of Aroclor 1260 (100 ppm, 4.5 mg/kg/
day) to rats resulted in neoplastic nodules and hepatocellular
carcinomas. In another study (NCI, 1978) Fisher rats were fed
diets containing 25, 50 or 100 ppm (1.1 to 4.5 mg/kg/day) of
Aroclor 1254 for 2 years. Some of the treated animals were
found to have hepatocellular adenomas and carcinomas as well
as adenocarcinomas of the G1 tract; however, the incidence of
tumors was not significant. Conflicting evidence regarding
the carcinogenic potential of PCBs therefore exists. Never-
theless, a high incidence of hepatocellular proliferative
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lesions.(hepatic nodular hyperplasia) was noted (NCI, 1978) as
well as adenoiibrosis (Kimbrough and Linder, 1974). The find-
ings of significant numbers of hyperplastic nodules is ol con-
si0erable concern since they may be regarded as pre-neoplastic.
The occurrence of adenofibrosis after PCB exposure is also of
interest since this lesion usually occurs concomitantly in

rodent liver with hepatocellular carcinoma following exposure
to a hepatocarcinogen.

Mutagenicit

The mutagenic and cytogenic effects of PCBs have also been
studied. The mutagenic activity of PCB mixtures and isomers
were studied using S__...t_v_phimu__riu__m (TA1538) in the presence of
a nlicrosomal activation system, Aroclor 1221 and 4-chlorobi-
phenyl were significantly mutagenic in the assay system (Wynd-
ham et al. 1976). Utilizing the dominant lethal assay, Green
et al. (1975b) reported that Aroclor 1254 did not cause an in-
crease in dominant lethal mutations. In these studies, Aroclor
1242 was given orally to male Osborne-Mendel rats (625, 1250,
or 2500 mg/kg, single-dose or 5 daily doses of 125 or-250 mg/
.kg). Aroclor 1254 was administered as 5 successive daily oral
doses of 75, 150, or 300 mg/kg. The rats then were mated with
untreated females for 10 to 11 weeks. An additional group of
male rats was given Aroclor 1254 at a dietary level of 25 or
100 ppm (1.12 or 4.5 mg/kg/day) for 70 days and then mated with
untreated females for I week. Exposure of rats to Aroclor 1242
(single dose 1250 to 5000 mg/kg or as a multiple dose 500 mg/kg
for 4 days) produced no significant chromosomal abnormalities
in rat bone marrow or spermatogonia (Green et al. 1975a).

Immunosuppressive Effec___t.s

Several findings have indicated that chlorobiphenyls may alter
the immune response in animals. However, it has not been

proven conclusively that the immune system is specifically
altered by chlorobiphenyls, because the currently available
data are derived from animal studies that have used technical
mixtures of PCBs. Immunosuppressive effects produced by tech-
nical PCB mixtures in various species include: thymus atrophy
and lymphopenia in the rabbit after dermal exposure to PCBs
(I18 mg, 5 times/week for 38 days) (Vos and.Beems, 1971) and

suppression or humoral immunity and cell-mediated immunity in

the guinea pig after exposure to Aroclor 1260 [10 or 50 ppm
(0.4 mg/kg/day or 2 mg/kg/day)] for 8 weeks (Vos and Roij,
1972). Rhesus monkeys fed Aroclor 1248 at dietary levels of
25 ppm (0.57 mg/kg/day) for 2 months or 2.5 ppm (0.06 mg/kg/
day) for I year resulted in bone marrow hypoplasia (Allen et

al. 1974).





CNS and Behavioral Effects

In the Yusho outbreak of poisoning, which occurred in Japan,
rice bran oil was contaminated with Kanechlor 400. Peripheral
neuropathy and behavioral alterations were observed (Mural and
Kuroiura. ]97]). In laboratory animal studies, neurotoxic

effects were noted in rodent, primate and avian species after
.exposure to low levels of PCB mixtures or pure isomers. Be-
havioral defects an hyperlocomotor activity were noted in

progeny after in utero exposure in Rhesus monkeys at dietary
levels.of 2.5 a6-5]-ppm (0.06 and 0.]2 mg/kg/day) o Aroclor
]248 (Bowman et al. 1978) and in rats at dose levels of 20 and
]00 mg/kg body weight of Kanechlor (Shiota, 1976b). Depletion
of dopamine and norepinephrine levels was noted in ring doves
exposed to 100 ppm (3 mg/kg/day) of Aroclor 1254 in the diet
after 8 weeks’ exposure (Heinz et al. 1980).

Endocrine Effects

Polychlorinated biphenyls have ben implicated in altering the
physiology of the endocrine system. Aroclor ]248 at 2.5 or

5 ppm (0.06 or 0,12 mg/kg/day) in the diet for up to 6 months
has been demonstrated to prolong the menstrual cycle in Rhesus
monkeys (Barsotti et al. ]976). The effects of PCBs on the
thyroid hormones have been studied in animals. Dietary levels
of 50 ppm (2.3 mg/kg/day) of Aroclor 1254 fed to rats produced
hypertrophy and hyperplasia of thyroid follicular cells as well
as a significant reduction in serum thyroxine levels (Bastomsky,
1974).

EPA-HA Development

The EPA-HAs for polychlorinated biphenyls are based on the po-
tential of these compounds to produce reproductive effects.

Reproductive parameters (conception rate, resorptions, embryo-
toxicity, growth retardation) appear to be very senstitive

indicators of PCB toxicity. Villineuve et al. (1971) admini-

stered Aroclor 1254 orally to rabbits at doses of I, 10, 12.5,
25.0 and 50 mg/kg/day for the first 28 days of gestation.
Adverse reproductive effects (resorptions, decreased litter

size, abortions) were noted in the 12.5 mg/kg PCB-treated
group. Further, the data suggest a teratogenic potential for

PCBs (skeletal anomalies). Platonow and Karstad (1973) ex-

amined the effects of long-term dietary exposure [0.64 or 3.57
ppm in diet (0.07 or 0.4 mg/kg/day) for 105 days] on the repro-
ductive performance of mink. Reproductive failure was evident:
no litters were. produced by the females ted a diet containing
3.57 ppm of Aroclor 1254; one female from the low dose group
(0.64 ppm) produced a litter. The progeny from this litter
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died soon after birth.

One-Da EPA-HA

The production of adverse reproductive eilects will be used as

an index of minimal toxicity. It has been reported that a PCB
level o 12.5 mg/kg/day during the first 28 days of gestation
in the rabbit is sufficient to produce an array of reproductive
eflects (Villeneuve et ai. 1971). If the above value is used

as an end-point of minimal toxicity, a 24-hour SNARL value may
bE calculated ior PCBs. It should be noted that because the
data were derived from animal studies and only one species
(rabbit) was examined, a safety factor of 1000 is used.

Further, in calculating the EPA-SNARL, children are assumed to

be the exposure subjects because experimental data indicate

that young animals may be more sensitive than adults to the

toxic effects of PCBs (Linder et al. 1974).

Accepting 12.5 mg/kg as the minimal toxic effective dose,
calculations of a l-day EPA-SNARL for a 10 kg child consuming

liter of water isgiven below:

12.5 mg/kg_x 10 kg
I liter/day---1-0 0.125 mg/liter

where: 12.5 mg/kg minimal toxic effect dose
10 kg weight o child
I liter/day quantity of water consumed by a 10 kg

child
1000 safety factor

Ten-Day EPA-HA

The 10-day EPA-HA is calculated by dividing the l-day EA-HA
value by 10.

0.125 rag/liter
10 0.0125 rag/liter

The National Academy of Sciences has determined SNARLs for

polychlorinated biphenyls of 0.35 mg/liter for a l-day expo-
sure and 0.05 mg/liter for a 7-day exposure.(NAS, 1980). In
comparison, the EPA-HAs developed in this report are 0.125

mg/liter for a l-day exposure, and 0.0125 mg/liter for a

10-day exposure.

The reasons for differences between the EPA-HA and the NAS-

SNARL are as follows: (i) the NAS-SNARL was calculated uti-

lizing the induction of hepatic MFO activity as the index of





minimal toxicity: (2) the NAS-SNARL was calculated for a 70 kg
adult rather than a 10 kg child; (3) the adult was assumed to
consume 2 liters of water per day as compared to ] liter of
water per day for a child.

Lon_g e r- Ter_ EPA_HA

The data for the ca+/-culation of a longer-term HA are not

available.

An_a Iys__i. s_

Several methods (Annual Book of ASTM Standards; U.S. EPA, 1978;
Federal Register, 1979) have been developed to analyze various
industrial polychlorinated biphenyl (PCB) mixtures in water

and effluents. The following PCB mixtures may be analyzed by
these methods when occurring individually or in combination.

PCB 1016
PCB 1221
PCB 1232
PCB 1242

PCB 1248
PCB 1254
PCB 1260

The PCBs are extracted from 1-1iter water samples with meth-
ylene chloride or 15% methylene chloride in hexane using sep-
aratory funnel techniques. The extract is then analyzed by
gas chromatography. Recommended chromatographic conditions
for analysisol PCBs are as follows:

Column: Gas Chrom Q (100/120 mesh) coated with 3 percent
pcked in a 180 cm long by 4-mm ID glass column.

Carrier Gas: Nitrogen at 60 ml/min.

Temperature: 170 C.

Detector: Electron capture or other halogen specific detector.

Sa__mple siz__e: I to 5 ul.

The detection limit is about 0.1 ug/liter +/-or each PCB mixture

when analyzing a 1-1iter sample using the electron capture
detector. When using a microcoulometric or electrolytic con-
ductivity detector, the detection limit is about I ug/liter.
The detection limits given here are only applicable when in-

terferences are absent, since the sensitivity of the method is

usually more dependent upon the level of interlerences present
rather than instrumental limitations. Organochlorine pesti-
cides, phtha+/-ate esters and elemental sulphur are common





interferences in the analysis of PCBs. When interferences are
encountered, a general purpose Florisil column cleanup pro-
cedure could be used to aid in their elimination.

Unequivocal identification o PCBs can bemad by gas chromat-
ography mass spectrometry (GC/MS) techniques (ichelberger
et al. 1974).

Treatment

The literature is sparse regarding information on the degrada-
tion and removal of PCBs from ambient water. The elimination
o PCB residue levels using microbial systems is ineffective
especially for biphenyls of higher chlorine content (Fukukawa
an Matarmura, 1976). In contrast to the resistance of PCBs
to microbial degradation, carbon absorption and photoreduction
may be an effective means for their disposal (Carey et al.
1976; Dennis et al. 1979).

Conclusions and Recommendations

From the experimental data on the lowest dose of PCBs that
causes adverse health effects in rabbits (12.5 mg/kg), a l-day
EPA-HA of 0.125 rag/liter and a 10-day EPA-HA of 0.0125 rag/
liter have been calculated. A reliable longer-term EPA-HA
has not been calculated because no satisfactory dose-response
data are available.
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SNARL for l,l,l-Trlchloroethane
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

May 9, 1980

THE OFFICE OF DRINKING WATER "SNARLS" PROGRAM

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated with a margin of safety, it
is called a SNARL (suggested no adverse response level).
Normally values are provided for one-day, 10-day and longer-
term exposure periods where available data exists. A SNARL
does not condone the presence of a contaminant in drinking
water, but rather provides useful information to assist in the
setting of control priorities in cases when they have been
found.

In the absence of a formal drinking water standard for l,l,l-
trichloroethane 6he Office of Drinking Water has estimated a
suggested no adverse response level (SNARL) following the
state-of-the-art concepts in toxicology for non-carcinogenic
risk for short and long term exposures. For carcinogenic risk,
a range of risk estimates is provided for life-time exposures
using a model and computations from the NAS Report (1979) en-
titled "Toxicity of selected drinking water contaminants".
However, SNARLs are given on a case-by-case basis in emergency
situations such as spills and accidents. The SNARL calcula-
tions for short-term and chronic exposures ignore the possible
carcinogenic risk that may result from those exposures. In
addition, SNARLs usually do not consider the health risk re-
suiting from possible synergistic effect of other chemicals
in drinking water, food and air.

SNARLs are not legally enforceable standards, they are not

issued as an official regulation, and they may or may not lead
ultimately to the issuance of a national, standard or Maximum
Contamination Level (MCL). The latter must take into account
occurrence, relative source contribution factors, treatment
technology, monitoring capability, and costs, in addition to
health effects. It is quite conceivable that the concentra-
tion set for SNARL purposes might differ from an eventual MCL.
The SNARLs may also change as additional information becomes
available. In short SNARLs’are offered as advice to assist

those that are dealing with specific contamination situations
to protect public health.





General Information and Health Effects

The organic chemical l,l,l-trichloroethane (methylchloroform)
is used as a cleaner and degreaser of metals and is considered

a solvent of lipophilic substances. Thissubstance is found

in drinking water supplies in the United States of America.

According to the National Academy of Sciences, l,l,l-trichloro-
ethane is probably readily absorbed from the gastrointestinal
tract, however, there is insufficient data on the uptake, dis-

tribution, metabolic and excretion patterns of this compound
or its metabolites. Fortunately, some toxicological data does

exist following ingestion and/or inhalation of animals and/or
man. Compared to other alkyl halocarbons, l,l,l-trichloro-
ethane is considered less toxic perhaps due to its relative

metabolism and excretion.

The health effects from l,l,l-trichloroethane exposure at high
doses include:

i. depression of the central nervous system and
psychophysiological changes as demonstrated by the loss of
manual dexterity, coordination and perception;

2. some fatty vacuolation and weight gain of the liver;

3. transient eye irritation and dizziness especially
following an inhalation exposure;

4. some cardiovascular changes including diminished

systolic pressure and premature ventricular contractions; and

5. weakly mutagenic activity.

l,l,l-Trichloroethane SNARL

Since l,l,l-trichloroethane is not considered to be a. carcin’
ogen, is relatively low in toxicity compared to some of the

other alkyl halocarbons and has a taste and odor threshold

range of 300-500 ug/l, it would appear reasonable to establish

a chronic SNARL.

In the absence of definitive information on the chronic toxic-

ity of ingested l,l,l-trichloroethane, the NAS chose to

identify a dose of 750 mg/kg given to mice and rats in a NCI

study as the observed adverse effect, level. At this dose a

depression in body weight gain was observed in males while

diminished survival times were noted for both male and female

rats. Consequently, the NAS calculated the chronic SNARL value

to be 3.8 mg/l as follows:





(750 mg/kg)(5 days)(20% D.W )(70 kg man) 3.8 mg/l
(7 days--)(2 i/day)(l000)’

where: 750 mg/kg observed adverse effect dose
5/7 fraction converting from 5 to 7-day exposure
20% D.W. relative source contribution from

drinking water
70 kg average weight of an adult
i000 uncertainty factor via i00 factor for an

animal study and i0 factor because data did
not specify the no observed adverse effect
level

2 1/day adult consumption per day

Extrapolation of an inhalation threshold limit value (TLV) of

the National Institute of Occupational Safety and Health to an

equivalent chronic ingestion limit for drinking water for the

general population could be made which supports the NAS life-
time SNARL for the adult. This can be obtained by assuming a
TLV of 200 ppm or 1092 mg/m3 where i0 m3 are inhaled/day, a 30%
absorption factor and 20% contribution from drinking water,

2 1/day consumption by adults, and a i00 safety factor for

extrapolating an adult occupational exposure to the general
population. Numerically a supporting lifetime SNARL for the

adult could be determined to be 3.3 mg/l:

(1092 ms/m3)(10 m3/day)(0.30)(0 -20) 3 27 mg/l
(2 i/day)(100 safety factor)

In order to protect the child and most sensitive members of the

population, the Health Effects Branch feels that the i0 kg
child should be considered with the assumption that a child
drinks water i liter/day. Applying this concept to the NAS

data, the chronic SNARL value becomes approximately i mg/l.
This value is obtained as follows:

(750 mg/kg) (5) ( .20) (10 kg) I .07 mg/l
(7)(I 1/day) (1000)

where: 750 mg/kg observed adverse effect dose
5/7 fraction converting from 5 to 7-day exposure
.20 relative sdurce contribution (20%) via

drinking water
i0 kg average weight of a child
I000 uncertainty factor via i00 factor for an

animal study and i0 factor because data did
not specify the no observed adverse effect
level

i 1/day child consumption of drinking water each
day

It should be concluded that based on health a I mg/l chronic

SNARL should protect the public especially since l,l,l-tri-





chloroethane was negative in the NCI cancer bioassay. It
should also be remembered that the taste and odor concentration
for l,l,l-trichloroethane ranges from 300-500 ug/l. Conse-
quently, the limiting concentration to protect the aesthetic
value of drinking water should also protect public health.
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Advisory Opinion for Toluene
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 20460

March 23, 192

OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides .advice on health effects
upon request, concerning unregulated contaminants found in
drinking water supplies. This informationsuggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the
general population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for
selected contaminants in drinking water. An EPA-SNARL and a
NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-SNARLs are established for a i0 kg body
weight child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data
exist. A SNARL does not condone the presence of a contaminant
in drinking water, but rather provides useful information to
assist in the setting of control priorities in cases where
contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for an
identified drinking water contaminant, the Office of Drinking
Water develops EPA-SNARLs following the state-of-the-art con-
cepts in toxicology for non-carcinogenic risk for short and
longer term exposures. In caseswhere a substance has been
identified as having carcinogenic potential, a range of esti-
mates for carcinogenic risk based upon lifetime exposure as
developed by the NAS (1977 or 1980) and/or EPA Carcinogen
Assessment Group (EPA, 1980a) is presented. However, the
EPA-SNARL calculations for all exposures ignore the possible
carcinogenic risk that may result from these exposures. In
addition, EPA-SNARLs usually do not consider the health risk
resulting from possible synergistic effects of other chemicals
in drinking water, food, and air.

EPA-SNARLs are not legally enforceable standards; they are not
issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum
Contaminant Levels (MCLs). The latter must take into account
occurrence, relative source contribution factors, treatment
technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration
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set for EPA-SNARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as additional information be-
comes available. In short, EPA-SNARLS are offered as advice
to assist those such as Regional and State environmental and
health officials, local public officials,, and water treatment

facility personnel who are responsible for the protection of
public health when dealing with specific contamination situa-

tions.

General Inlormation and Properties

Toluene (methylbenzene) has a molecular formula of C7H8 and a
molecular weight of 92.13 (Gerarde, 1963). At room tempera-
ture, it is a clear colorless liquid with a benzene-like odor.
With a density of 0.8669, a specific gravity of 0.8623 and a

vapor pressure o 28.7 torr, toluene is likely to volatilize
easily from the surface of any open water. Its solubility in
water ranges from 379.3 mg/l in sea water to 534.8 mg/l in

fresh water at 25 C (Sutton and Calder, 1975). It is highly
soluble in other organic solvents. With a blood/water parti-
tion coefficient of 15 and an oil/blood coefficient of 94,
there is significant potential for toluene to be taken up by
tissues with a Nigh lipid content (Sato and Nakajima, 1979).

The odor level of detection in air ranges from 0.6-140 mg/m3
(Hellman and Small, 1973, 1974; May, 1966). The odor thres-
hold in water is I mg/l (Zoeteman, 1971). Chlorinated deri-

vatives of toluene would likely have a lower threshold of
detection. For example, the odor threshold in air of
-chlorotoluene is 0.24 mg/m3 (Leonardos, 1969).

Toluene is produced during the petroleum refining process, as

a by-product of styrene production and coke-oven operation.
As a constituent of a benzene-toluene-xylene reformate of

petroleum refining, the chemical is used for gasoline blending.
As isolated toluene, it is used in the production of benzene,
back-blending into gasoline to elevate the octane ratings and a

solvent, particularly in the paint and coatings industry. It
is also employed as a raw material in the production of a num-
ber of other organic chemicals.

In air, I ppm is equal to 3.76 mg/m3 and mg/1 equals 266 ppm
at 25 C, 760 mm Hg (Gerarde, 1963).

Existing limits for toluene are as follows:

Occupational threshold limit value (TLV): 100 ppm
(ACGIH, 1977)

Occupation 8-hour time-weighted average (TWA) 200
ppm (0SHA,1978)





National Institute of Occupational Safety and Health
recommended exposure limit ]00 ppm (NIOSH, 1973)

Sources of Exposure

Toluene has been detected in raw and finished drinking water

supplies of several communities in the United States. Levels
ol up to 11 ppD were found in finished water from the New
Orleans area (U.S. EPA, 1975a). In anationwide survey of
surface water supplies from 10 cities, 6 were discovered to
be contaminated with toluene (U.S. EPA, 1975b). Concentra-
tions of 0.1 and 0.7 ppb were measured in 2 oi these water

supplies. %oluene was detected in of 111 finished rinking
waters during a second nationwide survey (U.S. EPA, 1977). In
a subsequent phase of this survey, toluene was found in I raw
water and 3 finisheO waters out of 11 supplies surveyed (U.S.
EPA, 1977). A level of 19 ppb measured by gaschromatography/
mass spectrometry was found in I of these finished waters, and
0.5 ppb was found in another.

Nineteen volatile organic compounds, including toluene, were
detected at concentrations below 5 ppb in District of Columbia
drinking water (Saunders et al. 1975). These investigators
also found that the concentrations of the various contaminants
in tap water varied from week to week, but the chemical com-
position remained the same.

Toluene has been monitored in two national federal surveys.
Additional data have been obtained from five states. Gener-
ally, the state data reflect higher concentrations and a

greater percentage of positives than the federal data.

A total of 555 samples were taken by the federally sponsored
National Screening Program (NSP)for Organics in Drinking
Water (U.S. EPA, 1981a) and the Community Water Survey (CWSS)
(U.S. EPA, 1981b). The NSP sampled 132 urban public water

supplies (PWS) for toluene and found 15% of them positive.
The range of positives was 0.1 to .0 ppb. The average con-
centration was 0.24 ppb. The CWSS took 423 samDies from small
urban areas (PWS serving populations < 100,000) and found I .4%
of them" to have toluene in their finished; drinking water.
These values ranged from 0.5 to 6.1 ppb. Together, these 2
surveys found 4.7% of the samples positive with a range o 0.1
to 6.1 ppb and an average of 0.55 ppb.

From 65 samples taken by 5 states (CA, DE, IN, NJ and NY),
21.5% had detectable levels of toluene (U.S. EPA, 1980c,
1980d). The concentrations ranged from 0.2 to 2,500 ppb and
an average of 180.6 ppb.

In summary, 620 samples have been taken of finished drinking
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waters by state and federal surveys. Of these, 6.5% were de-
termined to contain levels o toluene which ranged from 0.1 to
2,500 ppb. The average of these samples was 63.6 ppb.

Few data are available which describe toluene occurrence in
foodstuffs. Oi the 59 monitored tissue samples of edible
aquatic organisms recorded in the STOEET system (U.S. EPA,
1980c), 95% had toluene concentrations of less than I ppm.
The maximum toluene concentration aetected in one fish sample
was 35 ppm. Toluene was also detected in fish caught from
pollute waters in the proximity ol petroleum and petrochemical
plants in Japan (Ogata and Miyake, 1973). A concentration of
5 ppm was measured in the flesh o one such fish.

Toluene is the most prevalent aromatic hydrocarbon present in
ambient air. From the experimental measurements of the
toluene-to-benzene ratio, Pilar and Graydon (1973) concluded
that the major source of toluene in urban air (Toronto) with

high traffic volume is automobile emission. Pellizzari (1979)
determined that manufacturing and refining processes in the
United States are probably a factor in ambient toluene con-
centration at many of the sites. The concentration of toluene

in many urban areas in the United States in recent years
ranged from less than 0.1 ppb to as much as 50 ppb, averaging
approximately I to 10 ppb. In remote locations of the United
States, the value averaged approximately 0.3 ppb in 1971, but
the current level may be lower as indicated by only trace tol-
uene concentrations at the Grand Canyon (Pellizzari, 1979).

Occupational air concentrations and air concentrations of
toluene near point sources can be significantly higher than
ambient air concentrations. Sexton and Westburg (1980) moni-
tored the air near an auomotive painting plant at Janesville,
Wisconsin, to investigate the effect of paint solvent
emissions on atmospheric toluene levels. The toluene con-
centration downwind within 1.6 km of the plant was 160 ppb.
From 10,000 to 30,000 ppm was reported in a merchant ship
after it was internally sprayed with a toluene containing in-
secticide (Longley et al. 1967). Two hours after the initial

monitoring, concentrations ranging from 5,000 to 10,000 ppm
were still present in the atmosphere of the ship. A more
recent study (Van Err et al. 1980) measured toluene levels in
different areas of tire manufacturing plants. Concentrations
ranged from 0.01 to 50.0 ppm. Toluene exposure levels have
also been measured in rotogravure (Forni et al. 1971), leather
finishing and rubber coating plants (Pagnotto and Lieberman,
1967). Work areas were foun to have concehtrations ranging
from 19-284 ppm.

Inside air often contains toluene, primarily from cigarette
smoke. Total daily exposure during direct inhalation or from
the sidestream could be significant. The concentration o
toluene in inhaled cigarette smoke is approximately 0.1 mg/
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cigarette (Dalhamn et al. 1968). Sidestream smoke, on the
other hano, contributes about I mg to the ambient room air

(Holzer et al. 1976; Jermini et al. 1976). Thus, the non-
smoker also could theoretically be exposed to levels of tol-
uene unwittingly.

Pnarmacokinetics/Metabolism

Studies in humans show tha oluene is quickly absorbed through
the respiratory tract (Astrand et al. 1972). Fifteen subjects
(11 males and our females) breathe toluene vapors at levels
of 100 and/or 200 ppm while at rest and during light exercise.

The duration ol exposure usually was thirty minutes. Arterial
and venous blood levels were measured in samples drawn from
the brachial artery an vein. Toluene could be detected in

arterial blood within the lirst ten seconds of exposure, with

steady state levels reache within 30 minutes, when the sub-

jects were at rest.

Exposures of 100-130 ppm over four hours resulted in a 40-60%
uptake and retention with an average of 50% (Nomiyama and
Nomiyama, 1974). An experiment in mice exposed to a single
high initial concentration of toluene (77,000 ppm) for 10
minutes showed that 60% of the dose was retained (Bergman,
1979)

The absorption ol toluene from the gastrointestinal tract

appears to occur more slowly than through the respiratory
tract, but to be fairly complete, based on experiments with

animals. The concentration of radioactivity in the blood of
adult male rats reache a maximum 2 hours after gastric in-

tubation of 100 ul labelled toluene in 400 ul peanut oil

(Pyykko et al. 1977). The oil may have slowed absorption.

Toluene is highly soluble in lipid, but sparingly soluble in

water. Its blood:air partition coefficient in humans is

about 15 (Sato and Nakijima, 1979). Little is known about the

tissue distribution ol toluene in humans. Several laborator-

ies have investigated the tissue distribution of toluene and

its metabolites in animals exposed by inhalation to relatively

hish concentrations of toluene, or to a single oral dose of

S-oH-toluene (100 ul in 400 ul peanut oil) (Pyykko et al.

1977; Bergman, 1979). Tissue distribution was similar alter

either route of exposure. Toluene was preferentially accumu-

lated in adipose tissue and was retained in adipose tissue and
bone marrow. Toluene and its metabolites were found in rela-
tively high concentrations in tissues active in its metabolism

and excretion (i.e., liver and kidney).

Toluene is thought to be metabolized in humans and in animals

by similar pathways (Laham, 1970). Some of the absorbed
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toluene ( 20) is excreted unchanged in the exhaled air, but
the major portion is metabolized by side-chain oxidation to

benzoic acid, which is conjugated with glycine to form hippuric
aciG ( 70% of the dose) an then excreted in the urine (Ogata
et al. 1970). Small amounts (I0-20%) of benzoic acid may be
conjugated with glucuronic acid (SrDova and Teisinger, 953).
Minor amounts ol toluene undergo ring hyroxylation, probably
via arene oxide intermediates, to form o-cresol and p-cresol
(0.04-I .0% of the dose) which are excreted in the urine as
sulphate or glucuronie conjugates (Angerer, 979; Bakke and

Sheline, 1970).

In both humans and animals, toluene is rapidly excreted as the
unchanged compound in expired air and mainly as the metabolite,
hippuric acid, in the urine. Most of the absorbed toluene is
excreted within 2 hours of the end ol exposure. The concen-
trations of toluene in exhaled air and in arterial blood of
human subjects declined very rapidly as soon as inhalation
exposure was terminate (Astran et al. 1972). The fall-of
in venous blood levels was less rapid and predictable as they
reflected removal from adipose an other high lipid content

tissues.

For purposes of SNARL development, it will be assumed that
of any oral dose is absorbed and retained, and that 50% of any
inhalation dose is taken up and retained.

Health Effects

Exposure of humans to toluene usually involves inhalation in

experimental or occupation settings or during episodes of
intentional abuse. The principal health effect occurring in

both humans and animals is depression of the central nervous
system (CNS) after acute exposure to high levels of toluene.

Although early studies suggested toluene induced myelotoxi-
city, most studies having toluene containing negligible
amounts of benzene have not produced injury on blood-forming
organs; however, a few authors have reported leukocytosis,
impaired leukopoiesis, or chromosomal damage in the bone
marrow (Dobrokhotov, 1972; Lyapkalo, 1973; Dobrokhotov and

Yenikeyev, 1977). Some studies have noted changes sugges-
tive o possible liver damage at higher levels of exposure in

animals (von Oettingen et al. 942; DiVincenzo and Krasavage,
974). In adition, some animal studies have shown renal
injury with repeated doses (yon Oettingen et al. 1942; Fabre
et al. 955) while other studies hav not (Woll et al. 956;
Jenkins et al. 1970). Yon Oettingen et al. (1942) and Fabre
et ai. (55) each reporte irritation in the respiratory tract

after inhalation exposure; however, other investigators re-

ported no adverse.elects, eitherafter inhalation or oral
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exposure (Wolf et al. 1956; Jenkins et al. 1970; CIIT, 1980).
Sensitization ol the heart was reported after inhalation ol

high doses in dogs and mice (Chenoweth, 1946; Taylor and
Harris, 1970).

.Short-term Exposures

The acute oral toxicity (LD50) of toluene in rats is in the
range of 4.3 to 7.5 g/kg (Wolf et al. 1956; Withey and Hall,
1975; Smyth et al. 1969). An acute dermal toxicity (LD50)
was reported to be 14.1 ml/kg in the rabbit (Smyth et al.
969). Slight to moderate irritation was noted in rabbit and

guinea pig skin and the rabbit cornea (Wolf et al. 1956; Wahl-
berg,.1976). An 8-hour LC50 of5300 ppm was reported in mice

(Svirbely et al. 1943).

Little information is available on the eflects of ingested
toluene. A single foreign-language report on oral exposure ol

humans indicated that doses of up to 0 g of toluene in olive

oil for 3 weeks (to a total of 30 g) were tolerated by leu-
kemia patients without complaints or evidence of side effects
or clinical effects on the leukemia process (Francone and
Braier, 1954). The results of this report are inadequate for
risk assessment.

A number of acute inhalation studies in humans have been re-

ported. They are in fair agreement that concentrations of 200
ppm or greater produce undesirable effects on the central ner-
vous system (CNS). Eight-hour experimental and occupational
exposures in the range of 200-1500 ppm toluene produced acute

dose-related symptoms of CNS depression (von Oettingen et al.
1942 Wilson, 1943). Subjective complaints such as fatigue,
headache, nausea, muscular weakness, confusion, slight exhila-
ration, impaired coordination and reaction time, and eye
accommodation disturbances have been reported at levels of 200
ppm. These effects generally increased in severity with in-

creases in toluene concentration, until at 800 ppm and above,
subjects experienced severe fatigue, pronounced nausea, ex-

treme lassitude, mental confusion, considerable incoordination
and staggering gait, an strongly impaired accommodation to

light. Overt symptoms of CNS disturbance were not noted for
acute exposures of 50 or 100 ppm. Short-te experimental
exposures to toluene at 200 ppm have also elicited objective
increases in reaction time and reductions in perceptual speed;
these effects were not evident at 100 ppm (Ogata et al. 1970).
Ogata et al. (1970) further found an apparent decrease in the

pulse rate and systolic blood pressure of volunteers exposed
to 200 ppm toluene for three or seven hours, but no effect on

pulse rate at 100 ppm.

Wolf et al. (I56) gave female rats single daily doses ol
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toluene in olive oil by garage, 5 days/week for six months.
Hematoldgicai parameters, including determination of total
erythocytes and leucocytes, hemogloin content and diflerential
white count, were monitored over the period of exposure.
Histological danage to the liver, kidney,, bone marrow and
other tissues as well as growth was also monitored. No aaverse
effects were noted after 138 dosings over 193 days at 118, 354
or 590 mg/kg/day. No higher dos was a,aministered; therefore,
while 590 mg/kg/day appears to be a no effect level, one cannot
be certain that it is the highest no-effect level.

Two inhalation studies were conducted in which animals were
exposed to toluene over a period of several weeks. In a study
by von Oettingen et al. (1942), rats were exposed to 200 or 600
ppm toluene 7 hours/day, 5 days/week for 6 weeks. No narcosis
was observed; body weight was normal. No significant changes
occurred in white blood cell count, red blood cell count or
hemoglobin levels. There was, however, an increase in the
percentage of segmented cells. Histologically, there was
slight pulmonary irritation, but no changes in liver, spleen,
heart or bone marrow. At 600 ppm, a few casts appeared in the
straight collecting tubules of the kidney.

Jenkins et al. (1970) exposed, each of several species of test
animals (rats, guinea pigs, .dogs and monkeys) by inhalation to

either I07 pm continuously for 90 days or to 1085 ppm 8 hours/
day, 5 days/week for 6 weeks. No adverse effects were ob-
served on hematopoietic .parameters (leucocytes, hemoglobin or
hematocrit) or on the histology of the liver, kidney, heart
an8 spleen o any species or on the brain or spinal cord ol
dogs and monkeys.

Longer-term Exposure

No chronic ingestion studies have been reported, either in
humans or animals. Studies of chronic occupational exposure
to toluene vapor at levels comparable (i.e., approximately
200 ppm) to those in the aforementioned studies (yon Oettingen
et al. 1942; Ogata et al. 1970) have yielded inconsistent
findings concerning effects on tDe CNS. Suhr (1975) observed
no adverse neurological effects in printers exposed for at

least 10 years to levels averaging 400 ppm toluene. Capellini
an Alessio (197]) reporte no effects after several years’
exposure to ]25 ppm. On the other hand, Parmeggiani and

Sassi (1954) and Munchinger (1963) described psychological
disturbances in a significant number of workers exposed to 200-
800 ppm for "many years". Each of tNese human studies can be

faulted in some way, usually because the exposed population
also was exposed to other chemicals.





9

A chronic study on the effect of toluene exposure by inhala-
tion was pero.ne for CIIT (I80). In this study, Fischer-344
rats were exposed by inhalation to toluene at levels of 0, 30,
100 or 300 ppm (6 hr/day x 5 days/week x 24 months). A higher
exposure level, 1000 ppm, was dropped from the study based on
a pilot investigation which revealed that boy weight loss might
interfere with maintenance or these animals for 24 months.
Uniortunately, no intermediate dose was substitutea which
mighn have established a minimal elfect level. Hematology,
clinical chemistry, body weights, and histopathology were
evaluated. The results were essentially negative for exposure
to levels up to 300 ppm toluene, with the.exception of two
hematologic parameters in the female rat: reduced hematocrit
(100 and 300 ppm) an increased mean corpuscular hemoglobin
concentration (300 ppm only).

Carcinogenicit%

CIIT (1980) concluded that exposure to 30, 100 or 300 ppm
toluene for 24 months did not produce an increased incidence
of neoplastic, proliferative, inflammatory, or egenerative
lesions in F-344 rats.

Other studies suggest that toluene is not carcinogenic when
applied topically to the shaved skin of mice (Frei and
Stephens, 1968). Toluene is used extensively as a solvent
for lipophilic chemicals being tested for carcinogenic poten-
tial. Negative control studies employing 100% toluene were
negative. Also, no evidence of a promotion effect was noted
when toluene was painted on the skin of mice twice weekly for
20 weeks following initiation with 7,12-dimethyl-benz[a]anth-
racene (Frei and Stephens, 1908; Frei and Kingsley, 1908).

Mutagenicity

Toluene has yielded negative results in a battery of micro-

bial, mammalian cell, and whole organism test systems as
inicate in the following:

Reverse Mutation Testing
S. typhimurium (Ames test). coli WP2 assay. cerevisiae D7

Mitotic Gene Conversion/Crossing Over
S. cerevisiae D4, D7





Differential Toxicity/DNA Repair Assays
E. coli
_S. _typh imur i um

Thymiine Kinase Assay
LS]78Y mouse lymphoma cells

Sister- Chromatid Exchange
culture CEO cells
human lymphocytes in vitro
human lymphocytes in vivo (workers)

Micronucleus Test
mouse

In the Russian literature, chromosome aberrations were re-
ported in rats exposed subcutaneously (Dobrokhotov, 1971;
Lyapkalo, ]973) an via inhalation (Dobrokhotov and Yenikeyev,
1977) to toluene. These findings were not corroborated in a
Litton Bionetics, Inc. (1978a) study in rats following intra-

peritoneal injection, in cultured human lymphocytes exposed to

toluene in vitro (Gerner-Smidt and Friedrich, 1978), or in
lymphocytes from workers chronically exposed to toluene (200-
400 ppm Forni et al. 1971; 00 200 ppm Funes-Craviato
et al. 1977; 7-I12 ppm toluene TWA- Maki-Paakanen et al.
1980). Differences in doses employed may account, at least
in part, for these conflicting results.

Teratogenic/Reproduct ive Effects

Nawrot and Staples, in a 1979 abstract (manuscript in prepara-
tion), reported on the teratogenic potential of toluene ad-
ministered in cottenseed oil by gavage to pregnant CD-I mice.

Doses of 0.3, 0.5 or I .0 ml/kg were given three times daily on

Days 6-1.5 of gestation. Each dose was equivalent to 0.26, 0.43
or 0.86 g/kg. Total daily exposures were equal to 7.8, 12.9
or 25.8 mg/day. Thrice daily doses of I ml/kg were given on

Days 12-15 of gestation. Two control groups were utilized, one
negative .(untreated), one vehicle (receiving cottenseed oil).
Animals were sacrificed on Day 18 of gestation.

In the groups treated from Days 6-15, there was a significant
decrease in the number ol dams still pregnant on Day 18 in the
high dose group when compared with the vehic.le controls
(P < 0.05). Absolute liver weights were significantly higher
in the high dose group, while absolute liver weights were high-
er in the high and middle dose groupg. No other maternal toxi-
city was evident at any dose. Fetal weight was significantly
reduced in the high and middle dose groups. A statistically
significant increase in the incidence of cleft palate appeared
in the etuses whose mothers received 0.1 ml/kg dose. Toluene





given at ] .0 ml/kg/dose on Days 12-15 yielded only decreased
material weight gain, but no fetal eifects.

Other studies have concluded that toluene is not teratogenic
in CFLP mice or C" or Charles River rats following inhalation
exposure (Hudak and Ungvary, ]978; Litton Bionetics, 1978b).
However, changes indicative of fetotoxicity were evident.

In the Hudak and Ungvary study, the group ol 15 mice scheduled
for exposure to ]500 mg/m3 continuously over Days 6-13 ol ges-
tation all died within the first 24 hours. In oflspring of
the I mice exposed continously to 500 mglm3 over the same days
of pregnancy, the average number of fetuses did not differ from
the controls. However, average fetal weight decreased and the
ratio of weight retarded fetuses increased significantly. No
significant aifferences were found in the number ol skeletal
or visceral malformation or in signs of skeletal growth re-

tardation.

Also in the Hudak and Ungvary study, five of 14 rats exposed
to continuous inhalation of 1500 mg/m3 from Day I-8 of gesta-
tion died before sacrifice (Group A). In offspring of the

survivors, the average fetal weight decreased significantly
when compared with controls. No skeletal anomalies or mal-
formations were noted. However, retarded skeletal growth was

significant. Continuous exposure of 21 rats at 1500 mg/m3 on
Days 9-14 of gestation yielded no difference in the occurence
o retarded skeletal growth among the offspring of the 19 sur-
vivors (Group B). A significant increase in the occurrence of
irregular sternebrae and extra ribs was eviaent, however. Ten
animals were exposed to 1000 mg/m3 throughout gestation (Days
1-21) for 8 hours per day (Group C). An increased frequency
o signs of retarded skeletal development was the only signi-
ficant finding.

Litton Bionetics (978b) also conducted an inhalation study in

rats (Charles River) in which the animals were exposed to O,
]00 or 400 ppm toluene vapor for 6 hours per day on Days 6-15
of gestation. The investigators reported no changes in the

dams which would suggest an adverse compound-related effect.

In addition, they observed no variation in fetal sex ratio,
no embryo toxicity, no inhibition oi fetal growth and develop-
ment or-teratogenic potential.

Syrovadko (1977) reported that women exposed to toluene ana
other agents through the use of "organosiliceous" varishes

showed evidence of a fall in red blood cell and thrombocyte
indices. They suffered a high incidence ol menstrual dis-

orders and reported effects suggestive of embryonic and fetal

abnormal development such as more frequent fetal asphyxia,
greater number ol low birthweight newborns and delayed onset

of the suckling reflex.
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SNARL Development

Acute high level exposure to toluene results principally in
effects resulting depression of the central nervous system.
Repeated exposures also may induce CNS ef.fects. Myelotoxic
efiects once ascribed to toluene now appear to be due to con-
taination ol toluene with benzene. Conflicting evidence
exists as to whether or not toluene induces liver and kidney
damage. Studies completed to date suggest that toluene is
not carcinogenic in animal test systems and non-mutagenic in
a battery of microbial, mammalian cell and whole organism
test systems. Only in the Russian literature has it been
suggested that toluene is capable of inducing chromosomal
aberrations (in rats exposed subcutaneously and via inhala-
tion)

Comparison of data from a variety of human and animal studies
on toluene suggests that the human may be more sensitive to
the CNS ellects of this substance than are other animals.
A single study in one strain of mice showed toluene to be
teratogenic at very high doses. Other studies at lower doses
have concluded that toluene is not a teratogen in rats or in
a ifferent mouse strain.

Toluene is very rapidly metabolized to substances which have
little toxic potential of their own. Excretion of hippuric
acid, a major metabolite of toluene, begins within minutes of
exposure to toluene. Virtually all of a dose is excreted
within 12 hours after cessation of exposure.

In ]978, the Health Effects Branch provided emergency guidance
for toluene. The level was ].0 mg/l. This guidance is based
solely upon the taste and odor characteristics of toluene in
water. The recommendation also presed consumption of the
toluene-contaminated water for only a short time. The guidance
developed in this document supercedes the ]978 emergency
recommendations.

The National Academy of Sciences (NAS, ]980) has developed 24-
hour, 7-day and chronic SNARLs for toluene. In each case. the
NAS-SNARL is calculated for a 70 kg adult rinking 2 liters of
water per day. The 24-hour SNAPOL of 420 mg/l was derived from
the results of a study by Divincenzo and Krasavage (]974) in
which single large intraperitoneal doses (] .2 ml/kg) given to
guinea pigs produced minimal lipi accumulation in the liver.
The 7-day NAS-SNARL of 35 mg/1 was based upon minimal mito-
chondrial canges in liver cells alter 2 days ol exposure to
] g/kg intraperitoneal doses administered daily to rats

(Ungvary et al. ]976). These two SNARLs assumed ]00% contri-

bution from drinking water. A chronic NAS-SNARL o 0.34 mg/l
was derived from the study in which Fischer 344 rats were
exposed to 300 ppm (]]30 mg/m3) toluene vapor for 6 hours/day,
5 days/week or six months (CIIT, 978). In this instance, it
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also was assumed that the 70 kg adult inhales ]0m3 air/day,
that 30% of the inhaled toluene is absorbed from the lung into
the blood, an that 20% of the toluene exposure comes from
drinking water.

One-day SNARL

For protection o the 10 kg child, the results of the inhala-
tion study in adult human volunteers by von Oettingen et al.
(1942) can be used to develop a one-day SNARL. In this study,
exposure was .maintained at 50, ]00, 200, 300, 400, 600 or 800
ppm toluene over an eight-hour period with a 30 minute break
in the middle. No adverse effects were observed at the two

lowest doses. Therefore, a one-day SNARL would be derived
thusly:

Step 1

(100 ppm x 3.76 mg/m3) x 8 hr x I m3/hr x 0.5
70 kg

2] .5 mg/kg/day adult (total daily intake)

Step 2

21.5 mg/kg/day x 10 kg x 1.0 21.5 mg/1 day
10 x I I

where: (100 ppm x 3.76 mg/m3) No-effect dose level
8 hr exposure duration
I m3/hr respiratory volume/hour
0.5 absorption coefficient (inhalation)
70 kg assumed weight of exposed adult
10 kg assumed weightot protected child
]0 safety factor to protect most sensitive

individuals
] i volume of water in liters imbibed per ay

by ]0 kg child
1.0 absorption coefficient (oral)

Ten-day SNARL

A ten-day SNARL can be derived from the one-day SNARL which
will adequately protect the sensitive individual from adverse
health effects over that duration of exposure. The ten-aay
SNARL would be derived simply by dividing the one-day SNARL
by ]0 to get 2.2 mg/l,
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Longer- term SNARL

A longer-te SNARL can be developed from the results of the
CIIT carcinogenicity study (1980) in which Fischer-344 rats
were eposed to 30, 100 or 300 ppm toleune vapor 6 hours/day,
5 days/week for 24 months. The only adverse eltect noted was
a reduce hematocrit (100 an 300 ppm) and increased mean
corpuscular hemoglobin concentration in the high dose females.

The SNARL would De derived thusly:

Step

(300 ppm x 3.76 mg/m3) x 6 hr x m3/hr x 5 x 0.5
70 kg x

34.3 mg/kg/day

Step 2

34.3 mg/kg/day x__k__$ x 1.0 0 343 mg/1
1000 x

where: (300 ppm x 3.76 rag/m3) minimal effect dose
6 hr - exposure duration
I m3/hr respiratory volume/hour
0.5 adsorption coefficient (inhalation)
70 kg assumed weight of exposed adult
5/7 conversion of 5 day/week dosing regimen to

7 day/week
10 kg assumed weight of protected child
1.0 absorption coefficient (oral)
1000 safety factor to protect most sensitive

individuals
I 1 volume ol water in liters imbibed per day by

I 0 kg child

Analysis

Toluene and other volatile aromatic compounds can be analyzed
by a purge-and-trap gas chromatographic procedure developed
by EPA’s Enviromental Monitoring an Support Laboratory (U S.
EPA, 1980b). Volatile compounds are transferred from aqueous
solution to the gas phase by an inert gas which is bubbled
through the aqueous sample. The compounds are swept from the
purging device and trapped in a short column containing a
sorbent material. The trapped components are then thermally
desorbed and backflushe onto the head of a gas chromatographic
column where they are separated under programmed temperature
conditions.





2he following specifications are recommended for toluene
analysis:

PrimarX Column: Six feet long x 0.082 inch ID # 304 stainless
steel or glS tubing. Packed with 5% SP-1200 + 1.75% Bentone
34 on I00/]20 mesh Supelcoport.

Temperatur__e: 50 C isothermal for 2 minutes, then program at

6 C/minutes to 90 C.

Carrier Gas: Helium at ailow rate of 30 ml/minute.

Detector: Photoionization.

Sample Size: 5 ml.

Coniirmatory analysis by GC-MS or a secondary chromatographic
column is recommended. With the recommended primary column
the retention time for toluene is 340 seconds and the lower
limit of detection is 0.02 ug/l.

Treatment

Treatment options for reducing the levels of toluene in drink-
ing water sources include aeration, adsorption by either

granuated activates carbon or synthetic resins and, possibly,
boiling. Conventional treatment methods have been found to De

ineflective in reducing toluene levels in drinking waters. One
study by DeMarco et al. (1978) found that a coagulation/seai-
mentation/filtration scheme had no effect on toluene levels,
although the levels in question were at the limits of analyti-
cal detection. Another study by Singley et al. (1979) conclud-
ed that conventional treatment methods, even when augmented by
the addition of powdered activated carbon as an adsorbent, are
ineffective in removing volatile organic chemicals in general
and toluene in particular.

Aeration is one method which will reduce the levels of toluene

in drinking waters. A pilot scale study by Singley et al.
(980) found that a packed column aerator, operated at 50-90%
of its flooded condition, will remove toluene (originally
present at the microgram per liter level) to below the limit

of detection. This tends to support the conclusion suggested
by theoretical considerations that toluene in water will be
amenable to removal by air stripping. Theoretical analysis of

toluene’s Henry’s Law equilibrium constant (relative to those
for other compounds) suggests that toluene will be removed
from solution by aeration approximately as well as chlorolorm.
Such analysis also suggests that toluene will be removed more

easily than cis-],2-dichloroethylene, although not as easily as

tetrachloroethylene (Love and Eilers, ]98).





Li.ited data also suggest that adsorption onto activated carbon
-ill bea viable method oi removing toluene rom water. Dobbs
and Cohen (1980) developed isotherms for removal of a number of
organic compounds, including toluene. The data suggest that

toluene will be asorbed with approximately the same eficien]f
as trichloroethylene. They also suggest that this efliciency
’ill be somewhat better than that characterizing the trihalo-
methanes, particularly chloroform, but will be signiicantly
below that for higher molecular weight compounds such as Endrin

or Alarin.

El-DiD and Badaway (1979) in a laboratory scale study util-

izing very short contact times (2 minutes), confirmed that

toluene was amenable to granular activated carDon adsorption.
Their data predict that toluene adsorption will be relatively
better than that of benzene but relatively worse than that of

ethylbenzene.

A pilot scale study by Suffer et al. (1980) indicated that

toluene was absorbed from water but not as well as competing
organic compounds such as trichloroenhylene or chloroform.
ile almost all of the contaminants present in the source
water under study were removed throughout the entire 8 week

pilot plant testing period, toluene broke through into the
-column effluent after only ten weeks. Further, this compound
remained at high effluent levels for the duration of the stud]F.
This study also concluded that an XAD-2 resin was less effec-
tive than the Filtrasorb 400 granular activated carbon. The

specific resin performance data concerning toluene, however,
were inconclusive. Further tests are necessary to aequately
measure the effectiveness ol this resin.

Finally, although no data are available to either confirm or

deny this assertion, it can be speculated that boiling would

remove toluene from water to some degree. For example, it is

known that ten minutes of boiling at a water depth of 8 cm will

reduce the cis-1,2-dichloroethylene level in water from 150 ug/

to 5 ug/ or less (Love and Eilers, 1981). Accordingly, know-

ing that toluene is more easily air stripped than cis-1,2-
dichloroethylene and assuming that boiling performance mirrors

that of aeration performance, it can be speculated that tolueme

will be at least as easily removed from water by boiling as is

cis-,2-dichloroethylene. Thus, in emergency situations,

such as spills, boiling by the individual consumer may prove
to be an eflective treatment technique.

In summary, aeration, adsorption and boiling all appear to be

methods for treating a toluene contamination situation. A
short-term or emergency situation might best be served by
boiling while, in a long-term situation, aeration might prove
to be the method of choice. However, any and all treatment

techniques must be considered relative to the situation, since

the preferre treatment will unOoubtedly De determined on a





case-by-case basis. In addition, once a possible treatment
method is identified, extensive pilot scale studies must be
run not only to verify initial conclusions but also to esti-
mate the technical and economic lactors which the chosen
treatment technique will entail.

Conclusions and Recommendations

One-day and ten-day SNARLs of 21.5 mg/l ana 2.2 mg/l, respect-
ively, have been developed for toluene. A longer-term SNARL
of 0.34 mg/l also has been derived.

In spite of the extensive effort devoted to the stuay of
toluene toxicity via inhalation, very little has been accom-
plished with respect to toxicity via ingestion. It can be
recommended that studies be carried out which will provide
acceptable dose response, no-effect level data for three
durations of exposure, for the following reasons: I) the
SNARLs are based upon inhalation, not ingestion data, 2) the
longer-term SNARL is based upon a no-effect level that may
not be the lowest no-effect level and 3) no acceptable inges-
tion data base exists for derivation of any SNARL level.
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Advisory Opinion for Xylenes (Dimethylbenzenes)
Office of Drinking Water

U.S. Environmental Protection Agency
Washington, D.C. 2060

October 13, 1981

AN OFFICE OF DRINKING WATER HEALTH EFFECTS ADVISORY

The Office of Drinking Water provides advice on health effects
upon request, concerning unregulated contaminants found in

drinking water supplies. This information suggests the level
of a contaminant in drinking water at which adverse health
effects would not be anticipated. A margin of safety is fac-
tored in so as to protect the most sensitive members of the

general population. The advisories are called Suggested No
Adverse Response Levels (SNARLs). SNARLs have been calculated
by EPA and by the National Academy of Sciences (NAS) for
selected contaminants in drinking water. An EPA-SNARL and a
NAS-SNARL may well differ due to the possible selection of
different experimental studies for use as the basis for the
calculations. Furthermore, NAS-SNARLs are calculated for
adults while the EPA-SNARLs are established for a I0 kg body
weight-child. Normally EPA-SNARLs are provided for one-day,
ten-day and longer-term exposure periods where available data
exist. A SNARL does not condone the presence of a contaminant
in drinking water, but rather provides useful information to
assist in the setting of control priorities in cases where
contamination occurs. EPA-SNARLs are provided on a case-by-
case basis in emergency situations such as spills and accidents.

In the absence of a formal drinking water standard for dimethyl-
benzenes, the Office of Drinking Water has developed EPA-SNARLs
following the state-of-the-art concepts in toxicology for non-

carcinogenic risk for short and longer term exposures. The EPA-
SNARL calculations for short-term and chronic exposures ignore
the possible carcinogenic risk that may result for those expo-
sures. In addition, EPA-SNARLs usually do not consider the
health risk resulting from possible synergistic effects of
other chemicals in drinking water, food and air.

EPA-SNARLs are not legally enforceable standards; they are not

issued as an official regulation, and they may or may not lead
ultimately to the issuance of national standards or Maximum

Contaminant Levels (MCLs). The latter must take into account

occurrence, relative source contribution factors, treatment
technology, monitoring capability, and costs, in addition to

health effects. It is quite conceivable that the concentration
set for EPA-SNARL purposes might differ from an eventual MCL.
The EPA-SNARLs may also change as additional information be-
comes available. In short, EPA-SNARLs are offered as advice

to assist those to protect public health when dealing with

specific contamination, situations.
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General Information

Xylenes are petrochemical derivatives with many uses as sol-
vents, and as components of detergents and other industrial

anJ household products. Conmercial products are usually mix-

tures of the dimethylbenzene isomers, ortho-, meta- and para-
xylene. They are all colorless iiquias oi molecular weight
i06.16 (Verschueren, 1977). An estimatea concentration for

detection by haste ana odor in surlace water was 0.3 to 1.0
mg/l (MiOdlenon et al. 1958). Their other physical properties
are summarized in the following table:

Physical Properties of Xylenes

Ortho- Meta- Para-

Molecular Weight 106.16 106.16 106.16
Melting point, C -25 -48 -13
Boiling point, C 144.4 139 138.4
Vapor pressure, .mm Hg, 20 C 5 6 6.5

30 C 9 ii 12
Specific gravity, 20 C 0.88 0.864 0.86
Solubility, rag/l, 20 C 175

25 C 198
Partition Coefficient, log P** 2.77 3.20 3.15

(n- octano i water)

All data from Verschueren (1977) except: **Leo et al. (1971).

Sources of Exposure

Xvlenes have been detected in both air ana water. No informa-

tion was available concerning xylenes concentration in foo.

Much of the exposure is via air, but 0.29 mg/l was founa in

drinkiDg water at New Orleans; the isomers were not determined

separately (Dowry et al. 1975). In coastal waters of the Gulf
of Mexico, ortho-xylene has been reported at 0.3 to i0.0 ng/l,
an meta- and para-xylene at 2.7 to 24.4 ng/l (Sauer et al.

1978).

Metabolism/Pharmacokinetics

Metabolism of xylenes varies somewhat according to the isomer

but, in general, proceeds by oxidation of methyl groups and





aromatic hydroxylation. The resulting metaDolites include

methylhippuric acid an xylenols (Harper et al. 1975). The

formation ol methylhippuric acid is the major pathway (approx-
imately 95) whereas xylenols formation contributes to the

lesser one (i to 2%).

Xylenes are reaoily absored aiter inhalation. Data on absorp-
tion Dy ingestion are not available. Seaivec ana Fie; (1976)
exposed human volunteers to 0.2 mg/l (200 rig/m3) o-, m- and

p-xylene vapors and also to their mixture at a ratio oi i:I:i

for an 8-hour period. The amount absorbed or retaine was

63.6 + 4.2% in all persons and for all isomers. Of the total

amoun- o! xylenes retained during exposure, more than 95% was

excreted in the form of methylhippuric acids and only a small

part in the form of xylenol (0.05-2%).

Human volunteers were also exposed to an m-xylene concentration

of aDout 3-9 mmol/m3 (318-954 rag) over +/-ive successive days, 6

hours per day. The elimination ana the metabolism was similar

to the above mentioned study. Repeated exposure does not

appear to saturate the metabolic pathways or renal excretion of

xylenes (Riihimaki et al. 1979). However, repeated exposure to

1300 mg/m3 technical xylene vapor 6 hours daily for I or 2

.weeks showed higher levels (2 times oi 1 week) xylene in peri-
renal fat (Savolainen et al. 1978).

Health Effects

Xylenes produce central nervous system disturbances ms reflec-
ted in changes in numerative ability, reaction time, short-term

memory and electroencephalographic patterns. It also affects

the liver but at much higher concentrations.

Short-term E.xposure: Data on short-term exposure and the re-

suiting biological effects have been obtained via the inhala-

tion route; the information concerning the biological effects

after ingestion is not available; however, the lowes= oral

lethal dose (LDLo) for humans has been reported as 50 mg/kg

(NIOSH, 1978).

Gamberale et al. (1978) performed two sets of experiments uti-

lizing human volunteers. In the fir.st set, fifteen male sub-

jects inhaled 435 and 1300 rag/m3 xylenes at rest. No adverse

health effects were observed .in the first set of the experi-

ment. Xylenes uptake after 435 and 1300 rag/m3 exposure was

estimated to be 180 and 540 mg. In the second set, eight of

these 15 subjects were exposed to 1300 rag/m3 xylene in inspired

air; the exposure period started with 30 minutes of work on a

bicycle ergometer and continued during behavioral tests.
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Each exposure period lasted 70 minutes. The volunteers were

subjecte to tests oi numerical aDility, reaction title, short-

term memory and critical flicker fusion. The authors con-

clude that there was evidence of reauction in the performance
on B of the 4 tests in the second set ol experiments. In this

set ol experiments, the average uptake of xylene was esti1:ated

as 1200 mg.

After exposure ol humans to m-xylene vapor, psychophysiological
functions such as reaction time, manual coordination, body
balance and electroencephalographic changes were also studied

by Savolainen et al. (1980). Eight male students were-exposed
to m-xylene at concentrations of 391-69 mg/m3 (90-200 ppm) in

air. Exposure to concentrations at 391 mg/mO for 5 consecutive

days and i day after the weekend had adverse effects on the

phycho.-physiological functions. Tolerance against the observed

effects developed over one working week. The experiment at

higher concentrations had periodically varying concentrations,

therefore, appreciation of precise dose and eflect could not be

realized.

Animal experiments suggest that xylenes are relatively non-

toxic when ingested or inhaled for a short time period. In
-rats, oral LD50 .values (NIOSH, 1978), range from 4,300-5,000

mg/kg body weight, whereas inhalation LC50 s (4 hours) ar

20,600-29,000 mg/m3 (Harper et al. 1975; Carpenter et al.
e

1975).

In addition to the central nervous system effects of xylene,
the data indicate that xylenes also affect the liver. When

Wistar rats were given xylene isomers 4 mmol/kg (424 mg/kg)

intraperitoneally in 0.5 ml arachis oil, a decrease in liver

glutathione levels was noted; however, it returnea to normal

values after 24 hours. In this study, the o-isomer was twice

as effective as the other two isomers (p- and m-) with respect

to glutathione concentration (Van Doornet al. 1980). Inhala-

exposure of female rats to p-xylene doses of i000, 1500 and

2000 ppm for 4 hours increased the serum enzyme levels 24 hours

after the exposure in a dose-related fashion. The statistical

evaluation of these data could not be done because they were

in an abstract of a paper presented at a meeting (Patel et al.

1976)

Longer-term Exposure: Inhalation studies were available to

valuate the long-term exposure health elfects of xylenes.

Rats and dogs expose to 770, 2000 and 3500 rag/m3 for 6 hours/

day, 5 days/week for 13 weeks showed no statistically signifi-

cant differences from control groups with respect to hemat-

ology, urinalysis, serum enzymes, body weights and tissue

histopathological examinations (Carpenter et al. 1975).

Jenkins et al. (1970) administered o-xylene by inhalation to

rats, guinea pigs, monkeys and dogs for 30 repeate exposures,

8 hours/day, 5 days/week or 90 days continuous exposure. The

dosages for 30 repeated exposures an 90 days continuously
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were 3358 and 337 rag/m3, respectively. During the 3358 rag/m3
o-xylene repeated study, 2 rats died on the third exposure day
and another rat and i monkey died on day 7; one of the dogs
exhibited tremors of varying severity throughout. Besides the

above mentioned observations, no signiicant effects were

observed with respect to boay weight, hematology and histopath-
ological examination.

In an attempt to study the mechanism of toxicity of xylene,
Elovaara et al. (1980) observed enhanced overall mono-oxygen-
ation reactions as well as UDP-glucuroyl transferase activity

in rat liver microsomes. Male Wistar rats were exposed to

300 ppm (1300 rag/m3) oi technical xylene alone for 6 hours/day
for a maximum ol 18 weeks, excluding Saturdays and Sundays or

in combination with 15-20% ethanol in their drinking water, or

to ethanol, alone. The animals exposed to 15-20% ethanol as

drinking fluid and xylene vapor had: (i) increased cytochrome
P-450 concentrations, (2) additive effects on the hepatic
enzyme activities, (3) additive effects on renal ethoxycoumarin
deethylase activity, (4) more pronounced severe liver damage
than did ethanol ingestion alone. Xylene exposure alone did

not produce detectable liver damage. The authors cautioned

against a direct extrapolation ol the effects of low levels of

ethanol on xylene toxicity.

Mutagenicity: Xylene did not appear to be mutagenic by the

Ames test with or without activation nor by other short-rearm

in vitro assays (LittonBionetics, 1978).

Carcinogenicity: Xylenes were selected in 1978 for testing in

the NCI Carcinogenesis Bioassay Program, but results are not

yet available.

Teratogenicity/Reproduction: Twenty CFY rats, 240 to 280 g,
were exposed to 1,000 mg/m3 of mixed xylenes 24 hours/day
during days 9 to 14 of pregnancy, and although there were

increased incidences of fused sternebrae and extra ribs, the

authors interpreted these as signs of embryotoxicity rather

than teratogenicity (Hudak and Ungvary, 1978). No signs of

maternal toxicity were noted. In another study, Charles River

rats aged 12 weeks were exposed to 0, i00 or 400 ppm of xylenes
(0, 434 or 1,730 rag/m3) during days 6 to 15 of pregnancy (25
rats per group) and the authors reported no signs of terato-

genicity whether on the per-fetus or the per-litter basis

(Litton Bionetics, 1978).

SNARL Development

The foregoing information suggests that CNS effects of xylenes
should be used for developing a one-day EPA-SNARL in drinking

water. However, it should be noted that xylenes do alfect the
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liver, but the reported dosages are approximately four times

those reported to induce effects on the central nervous system.

The ideal data for recommending an EPA-SNARL for drinking water

should be Derived rom an experiment utilizing the oral route

of administration of xylenes. In the absence of such data and

because guidance needs to be developed, attempts have been made

utilizing the available inhalation data. Several reports indi-

cate that inhalation ol xylenes at concentrations ol 435-1300
rag/m3 for 15 minutes to 6 hours/day for 4 days results in cen-

tral nervous system disturbances including numerative ability,
reaction time, short-term memory and electroencephalographic
changes. An adverse health effect disturbance to equilibrium
has been observed both in humans an rabbits. This effect has

been correlated with blood concentrations. In humans, it was

30 umol/l (equivalent to 318 ug/lO0 ml), whereas in rabbits it

was 94 umol/l (equivalent to 996 ug/i00 ml). To set an EPA-
S!ARL in drinking water, the recommended xylene concentrations

should be such that after consumption, the resulting blood

level should be much below 318 ug/100 ml. This precise infor-

mation can only be made available by performing laboratory

experiments. Since this information is not available, the

xylene EPA-SNARL may be calculated from the inhalation expo-
sure data.

One- day EPA-SNARL

A one-day EPA-SNARL for xylenes may be developed from the ex-

periment conducted by Gamberale et al. (1978). In this study,

a no observed effect was at an inhalation concentration of

1300 mg/m3 for approximately one hour. Other researchers have

also observed CNS effects at or near similar concentrations.

The detailed calculations for a one-day EPA-SNARL are given

below:

1300 mg/m3 x im3 x 0.64 x i0 kg 12 mg/l
70 kg x i0 x 1 1

1300 mg/m3 minimum observe effect level
ira3 assumed amount o air inhaled during one hour

0.64-- 64% absorption factor
70 kg average body weight for an adult
i0 uncertainty factor for a valid human study
I0 kg assumed i0 kg body weight for a child

I i assumed i0 kg child consumes one liter water

per day

The National Academy of Sciences (1980) reported a SNARL for

xylenes in drinking water. The NAS-SNARL value was 21 mg/l

xylene for a one-day exposure. It was calculated from a study

by Sedivek and Flek (1976), in which humans were expose to





200 mg/m3 xylene vapor for an 8-hour period. The authors

studied only the absorption and elimination oi xylenes; they

did not look for adverse health effects. The Academy assumed

no observed health eflects in the exposed subjects and used

3.33 m3 voluble of air inhaled by a 70 kg man or an 8-hour

e>:posur e period.

Ten-day EPA- SNARL

A ten-day EPA-SNARL may be calculate by dividing the one-day

EPA-SNARL by a lactor of i0.

where

12 mg/l I .2 mg/l
i0

12 mg/l one- day EPA-SNARL
I0. a factor for 10-day exposure

-Longer-term EPA--SNARL

The study by Jenkins et al. (1970), even though it does not

provide information concerning the dosages versus biological
effects, may be used for the calculation of a longer-term EPA-

SNARL. This study used an inhalation dose of 337 rag/m3 con-

tinuously for 90 days in rats, guines pigs, monkeys and dogs.

When compared with controls, no statistically significant
effects were observed with respect to body weight, hematology

and histopathological examinations of treated animals. Calcu-

lations for a longer-term EPA-SNARL are given below:

337 mg/m3 x 20 m3 x 0.64 x I0 kg 0.62-mg/l
i000 x 70 kg x ii

337 _rag/m3 no,observed elfect level
20 m assumea volume of inspired air

0.64-- absorption factor
I0 kg assumed body weight of an average child

i000 uncertainty factor
70 kg assumed body weight of an adult

i i consumption of i liter of water by a child/day

Analysis

Xylenes may be analyzed by a purge-and-trap gas chromatography

method developed by the Environmental Monitoring and Support
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Laboratory of the U.S. Environmental Protection Agency (U.S.
EPA, 1980b). Xylenes and other aromatics are extracted by an
inert gas which is bubbled through 5 ml of the aqueous sample.
Volatile components are transferred from the aqueous phase to

the gaseous phase. These compounds are swept from the purging
device and arc trapped in a short column containing Tenax GC
and 3 OV-I on Chromosorb-W. After a predetermined perio
time, the trapped components are dried and then thermally
sorbed and backilushed onto the head of a gas chromatographic
column where they are separated under, programmed temperature
conditions. The following chromatographic parameters are sug-
gested for the analysis:

Primary analytical column: Six feet long x 0.082 inch I.D.

304 stainless steel or glass tubing. Packed winh 5% SP-1200
1.75% Bentone 34 on 100/120 mesh Supelcoport.

Carrier gas: Helium at a 1ow rate ol 30 ml/minute.

Temperature program: 50 C isothermal for 2 minutes, then

program at 3 C/minute to ii0 C.

Detector: A high temperature photoionization detector equipped
with a 10.2 eV lamp.

The lower limit of detection for these compounds is about 0.05
ug/l. The retention times for the three isomers under the

conditions specified above are:

o-xylene:
m-xylene:
p-xylene:

738 sec
689 sec
653 sec

Confirmatory analysis by a secondary analytical column or by
GC-MS is always advisable.

Treatment

Very limited data are available concerning the removal of

xylenes from drinking water. However, it appears that both

granular activated carbon and (to a lesser extent) aeration

may be effective in reducing the levels of certain xylene
isomers.

Dobbs and Cohen (1980) developed adsorption isotherms for a

number of organic chemicals, including the para-isomer of

xylene (p-xylene). Their dat-a show that at an equilibrium
concentration of 1.0 mg/l, the activated carbon had an

adsorptive capacity of 54 mg of p-xylene per gram of carbon.





This compares to adsorptive capacities of 4.0 mg/gram for

trans-l,2-dichloroethylene (a chemical known to be relatively

poorly adsorbed), and 51 mg/gram for tetrachloroethylene (a
chemical known to be strongly adsorbed). Thus, activated

carbon appears to be an effective option for addressing a

p-xylene contamination situation.

Theoretical considerations indicate that aeration may have

some limited effectiveness in reaucing the levels o either

p-xylene or ortho-xylene (o-xylene). Love and Eilers (1981)
found that the Henry’s Law constant for a substance is a good
predictive tool for forecasting the relative amenability ol

that substance to aeration. Love (1981) further calculated

the Henry’s Law constants for p-xylene and o-xylene to be

0.19 and 0.17, respectively. This suggests that either isomer

will be only somewhat amenable to air stripping, being approxi-
mately as well removed from solution as chloroDenzene (a

chemical known to be relatively poorly removed by aeration;
Henry’s Law constant ol 0.19), and much less easily removed

than tetrachloroethylene (a chemical known to be amenable to

aeration; Henry’s Law constant of 1.2).

In summary, p-xylene appears to be readily removed from solu-

tion by activated carbon and somewhat removed by aeration.

O-xylne appears to be slightly removed from solution by
aeration. No data are currently available to describe the

treatment possibilities for meta-xylene (m-xylene). However,

all approaches should be considered carefully since the pre-
ferred approach will undoubtedly be determined on a case-by-
case basis. In addition, once a possible long-term treatment

technique has been identified, pilot-scale studies should be

conducted, not only to verify initial conclusions, but also

to estimate technical and economic considerations which such

a system will entail.

Conclusions and Recommendations

Based on the state-of-the-art concepts o toxicology, EPA-

SNARLs for one-day, ten-day and longer-term exposure have

been calculated as 12, 1.4 and 0.62 mg/l, respectively.
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