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I. INTRODUCTION

The Health Advisory (HA) Program, sponsored ks the Office of Drinking
Water (ODW), provides information on the health effects, analytical method-
ology and treatment technology that would be useful in dealing with the
contamination of drinking water. Health Advisories describe nonregulatory
concentrations of drinking water contaminants at which adverse health effects
would not be anticipated to occur over specific exposure durations. Health
Advisories contain a margin of safety to protect sensitive members of the
population.

Health Advisories serve as informal technical guidance to assist Federal,
State and local officials responsible for protecting public health when
emergency spills or contamination situations occur. They are not to be
construed as legally enforceable Federal standards. The HAs are subject to
change as new information becomes available.

Health Advisories are developed for One-day, Ten-day, Longer-term
(approximately 7 years, or 10% of an individual's lifetime) and Lifetime
exposures based on data describing noncarcinogenic end points of toxicity.
Health Advisories do not gquantitatively incorporate any potential carcinogenic
risk from such exposure. For those substances that are known or probable
human carcinogens, according to the Agency classification scheme (Group A or
B), Lifetime HAs are not recommended. The chemical concentration values for
Group A or B carcinogens are correlated with carcinogenic risk estimates by
employing a cancer potency (unit risk) value together with assumptions for
lifetime exposure and the consumption of drinking water. The cancer unit
risk is usually derived from the linear multistage model with 95% upper
confidence limits. This provides a low-dose estimate of cancer risk to
humans that is considered unlikely to pose a carcinogenic risk in excess
of the stated values. Excess cancer risk estimates may also be calculated
using the One-hit, Weibull, Logit or Probit models. There is no current
understanding of the biological mechanisms involved in cancer to suggest that
any one of these models is able to predict risk more accurately than another.
Because each model is based on differing assumptions, the estimates that are
derived can differ by several orders of magnitude.
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This Health Advisory is based on information presented in the Office
of Drinking Water's Health Effects Criteria Document (CD) for Toluene

(U.S. EPA, 19855) .

The HA and CD formats are similar for easy reference.

Individuals desiring further information on the toxicological data base or

rationale for risk characterization should consult the CD.

The CD is available

for review at each EPA Regional Office of Drinking Water counterpart (e.g.,
Water Supply Branch or Drinking Water Branch), or for a fee from the National
Technical Information Service, U.S. Department of Commerce, 5285 Port Royal Rd.,

Springfield, VA 22161, PB # 86-117975/REB.
336-4700; in the Washington, D.C. area:

GENERAL INFORMATION AND PROPERTIES

CAS No. 108-88-3

Structural Formula

Synonyms

° Methylbenzene, phenylmethane,

Uses

The toll-free number is (800)
(703) 487-4650.

toluol, methylbenzol, methacide

° Raw material in the production of benzene and other organic solvents
Solvent (especially for paints, coatings, gums, oils and resins)
Gasoline additive to elevate octane ratings

Progerties
Tute,

1971; Weast,
Chemical Formula
Molecular Weight
Physical State (room temp.)
Melting Point
Boiling Point
Vapor Pressure
Specific Gravity
Water Solubility

Fresh Water

Sea Water
Log Octanol/Water Partition

Coefficient

Taste Threshold (water)
Odor Threshold (water)
Odor Threshold (air)
Conversion Factor

(Amoore and Hautala, 1983; Cier, 1969; Sutton and Calder, 1975;
1977; Zoeteman et al., 1971)

CqHg

92,15

Clear, colorless liquid
-94,9°C

110.6°C

28.7 mm Hg at 25°C
0.8623 at 15.6°C

535 mg/L
379 mg/L
2,69

0.04 mg/L; 1 mg/L
0.04 mg/L; 1 mg/L
0.6-140 mg/m3

1 ppm = 3.77 mg/m3
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Occurrence
° Toluene occurs naturally as a component of petroleum oil.

° Toluene is produced in large amounts (5.1 billion lbs in 1981).
Toluene also is produced indirectly in large volumes during gasoline
refining and other operations. Toluene content of gasoline can be as
high as several percent.

° Releases of toluene .o the environment are mainly to air due to toluene's
volatile nature, with smaller amounts to water and soil. Releases of
toluene to water are due to spills and leaks of gasoline and other
petroleum products and from the disposal of waste from paints, inks
and other products containing toluene. Because of the widespread use
of petroleum products, releases of toluene occur nationwide.

° Toluene degrades rapidly in air with a half life of a few days (Mabey
et al., 1981). Toluene released to surface water rapidly volatilizes
to air. Toluene released to the ground binds somewhat to soil and
slowly migrates with ground water. Toluene is biodegraded readily in
soils and surface waters. In the absence of biodegradation, toluene
is expected to be stable in ground water (Marion and Malaney, 1963;
Lutin et al., 1965; Price et al., 1974; Bridie et al., 1979;
Patterson and Kodukala, 1981; Tabak et al., 1981).

° Toluene occurs at low levels in drinking water, food and air. Toluene
occurs in both ground and surface public water supplies, with higher
levels occurring in surface water supplies. ~Based upon EPA's Ground
Water Supply Survey (U.S. EPA, 1983), approximately 1% of all ground
water-derived public drinking water systems have levels greater than
0.5 ug/L. The highest level reported in ground water was 1.4 ug/L.
Based upon EPA's National Screening Program Survey, approximately 3%
of all surface water~derived drinking water systems are contaminated
at levels higher than 0.1 ug/L. None of the systems were reported to
contain levels higher than 1.4 ug/L. Toluene is found in foods as a
naturally occurring compound at ppb levels and in the air of urban
and suburban areas at levels of approximately 10 ppb. Toluene has
been reported to occur in indoor air at levels higher than outside.
Based upon the available data, the major source of toluene exposure
is from air.

III. PHARMACOKINETICS

Absorgtion

° Studies in humans showed that toluene is absorbed quickly through the
respiratory tract (Astrand et al., 1972; Astrand, 1975). Toluene
was detected in arterial blood within the first 10 seconds after
exposure to 100 or 200 ppm toluene (Astrand et al., 1972).

In humans, inhalation exposure at 115 ppm (430 mg/m3) resulted in a
pulmonary absorption of 57% after 1 hour which decreased to a stable 37%
of inspired dose after 2-4 hours of exposure (Nomiyama and Nomiyama,
1974).
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° Absorption from the GI tract in male rats was relatively rapid, with
maximal blood~toluene levels being reached within 2 hours after
gastric intubation with 100 uL toluene in 400 uL peanut oil. The o0il
may have slowed absorption (Pyykko et al., 1977).

° Dermal absorption of agueous toluene (180 to 600 mg/L) across human hand
skin was 160 to 600 ug/cm2/hour. Absorption was related directly to
concentration (Dutkiewicz and Tyras, 1968a,b).

Distribution

° Little is known about the tissue distribution of toluene in humans.
Due to its lipophilic nature and low water solubility, toluene would
be expected to distribute to and accumulate in lipid tissue (U.S.
EPA, 1985a).

° In male rats, tissue distribution of toluene and its metabolites is
similar following inhalation of high concentrations of toluene (17,340
mg/m3) or oral administration of a single dose of labelled toluene
(100 uL in 400 uL peanut oil) (Pyykko et al., 1977; Bergman, 1979).
Toluene is distributed throughout the body with greatest accumulation
in lipid tissues (adipose, bone marrow). Toluene and its metabolites

also were found in relatively high concentration in tissues active in
its metabolism and excretion (i.e., liver and kidney).

Metabolism
® Toluene is metabolized in humans, rats and rabbits by side-chain
hydroxylation to benzyl alcohol, which is conjugated with glycine to
form hippuric acid (70% of the dose) and then excreted in the urine

(Daley et al., 1968; Ogata et al., 1970).

° In rats dosed orally with toluene, minor amounts of toluene undergo
ring hydroxylation, probably via arene oxide intermediates, to form
o~cresol and p-cresol (0.04~1.0% of the dose) which are excreted in

the urine as sulphate or glucuronide conjugates (Bakke and Scheline,
1970; Angerer, 1979).

Excretion

° Following oral or inhalational exposure in both humans and animals,
toluene is excreted rapidly as the unchanged compound in expired air
and mainly as the metabolite, hippuric acid, in the urine (Smith
et al., 1954; El Masri et al,, 1956; Ogata et al., 1970).

Most of the urinary excretion of toluene occurs within 12 hours of
the termination of exposure. The concentration of toluene in exhaled
air of human subjects declined rapidly as soon as inhalation exposure
was terminated (Astrand et al., 1972).

° The supply of glycine needed to conjugate with toluene in hippuric
acid formation may be a limiting factor in the rate of toluene
excretion. Rijhimaki (1979) suggested that toluene at 780 ppm (2,940
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mg/m3) during light work or 270 ppm (1,010 mg/m3) during heavy work
would saturate the capacity for glycine conjugation in humans.

IV. HEALTH EFFECTS

Humans

¢ Exposures of humans to toluene are usually the result of inhalation
, of toluene vapors in experimental or occupational settings or during
! episodes of intentional abuse.

° Acute exposure to toluene at approximately 200 ppm (754 mg/m3) for
8 hours caused symptoms indicating CNS toxicity (fatigue, headache,
nausea, muscular weakness, confusion and incoordination (von Oettingen
et al., 1942a,b; Carpenter et al., 1944). These effects generally
increased in severity with increases in toluene concentration (von
Oettingen et al., 1942a,b). Toluene vapor at 100 ppm for 8-hour
exposures appeared to be the NOAEL for these effects (von Oettingen
et al., 1942a,b).

° Subacute occupational exposure to toluene (for 1 to 3 weeks) at
levels of 50 to 1500 ppm (189 to 5660 mg/m3) resulted in symptoms
similar to those seen in acute exposure studies and which were related
to level of exposure (Wilson, 1943).

® Chronic exposure to toluene vapors at levels of approximately 200
to 800 ppm have been associated primarily with CNS (von Oettingen
et al., 1942a,b) and, possibly, peripheral nervous system effects
(Matsushita et al., 1975; Seppalainen et al., 1978). Disturbances in
memory, thinking, psychomotor skills, visual accuracy and sensorimotor
speed were reported in a significant number of workers exposed to 200
to 800 ppm for "many years" (Munchinger, 1964). Hanninen et al.
(1976) reported many differences in performance test results between
non-exposed workers and painters exposed to approximately 30.6 ppm
toluene for an average of 14.8 years. Effects indicative of cerebral
and cerebellar dysfunction, such as ataxia, tremors, equilibrium
disorders, impaired speech, vision and hearing, and impaired memory
and coordination have been reported in chronic abusers of toluene
(Knox and Nelson, 1966; Boor and Hurtig, 1977; Sasa et al., 1978).

° Chronic abuse of and occupational exposures to toluene (approximately
200 to 800 ppm) for periods ranging from 2 weeks to 6 years have been
associated with hepatomegaly and hepatic function changes (Greenburg
et al., 1942; Grabski, 1961). Renal function also appears to be
affected in chronic abusers of toluene (Kroeger et al., 1980; Moss
et al., 1980).

Animals

Short-term Exposure

° The oral toxicity of toluene is relatively low, with an LDg5g between
6.4 and 7.53 g/kg in adult rats (Wolf et al., 1956; Smyth et al.,



Toluene March 31, 1987

1969; Kimura et al., 1971). The earliest observable sign of acute
oral toluene toxicity in adult rats is inhibition of the functions
of the CNS, which become evident at approximately 2.0 g/kg (Kimura
et al., 1971).

° The LCgq for inhaled toluene is 4,618 ppm (17,400 mg/m3) after a
6-hour exposure in rats (Bonnet et al., 1982). No effects were
reported after acute exposures to 620 or 1,100 ppm (2,340 or 4,150
mg/m3) toluene, but 1250 ppm (4710 mg/m3) affected coordination and
irritated the mucous membranes in rats.

® The dermal LDggy in rabbits is 12.2 g/kg (Smyth et al., 1969).

Long~term Exposure

° Subchronic oral administration of toluene to female rats at 118, 354
or 590 mg/kg/day for 193 days (5 days/week for 138 total doses)
resulted in no effects at any level (hematological, clinical, gross
or histopathological) and a NOAEL >590 mg/kg/day (Wolf et al., 1956).

° Subchronic inhalation of toluene for 6 weeks resulted in slight
pulmonary irritation in rats exposed at 200 ppm (754 mg/m3) for 7
hours/day, S5 days/week (von Oettingen et al., 1942a). Renal effects
were evident in rats treated at 600 ppm (2260 mg/m3) for 7 hours/day,
5 days/week for 6 weeks.,

° Chronic inhalation of toluene was studied in F344 rats exposed to 30,
100 or 300 ppm (113, 377 or 1,130 mg/m3) toluene 6 hr/day, 5 days/week
for 24 months (CIIT, 1980). Reduced hematocrit values were reported
in females exposed to 100 and 300 ppm. Increased corpuscular hemoglobin
concentration was reported in females exposed to 300 ppme.

Reproductive Effects

® Data regarding the reproductive effects of toluene have not been
located.

Developmental Effects

° Based on data reported in an abstract, oral administration of 1.0 mL/kg
toluene in cottonseed o0il to pregnant CD-1 mice, 3 times daily on
days 6 through 15 of gestation, resulted in a statistically signifi-
cant increase in the incidence of cleft palate (Nawrot and Staples,
1979). Maternal toxicity was not seen after exposure to toluene but
a significant increase in embryonic lethality occurred at doses of
0.3 ml/kg and up.

° Inhalation exposures to 1,000 mg/m3 by pregnant rats for 8 hours per
day on gestational days 1 through 21 resulted in a significant increase
in signs of skeletal retardation but did not cause internal or external
malformations (Hudak and Ungvary, 1978).
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Mutagenicity

°® Toluene has been tested for mutagenicity by many investigators using

various assay methods (reverse mutation, mitotic gene conversion and
mitotic crossing-over) and has not been demonstrated to be genotoxic
or mutagenic.

Carcinogenicity

CIIT (1980) concluded that exposures to 0, 30, 100 or 300 ppm toluene
for 24 months did not produce an increased incidence of neoplastic,
proliferative, inflammatory or degenerative lesions in F344 rats.
However, the highest dose used did not approach the Maximum Tolerated
Dose (MTD) and, therefore, it has been suggested that toluene may not
have been adequately tested for carcinogenicity (Powers, 1979).

Other studies suggest that toluene is not carcinogenic when applied
topically (twice weekly applications of 0.1 ml toluene for 20 weeks)
to the shaved skin of mice (Frei and Stephens, 1968).

° No evidence of a promotion effect was noted when toluene (0.1 ml)
was painted on the skin of mice twice weekly for 20 weeks following
initiation with 7,12-dimethyl~benz(a)anthracene (Frei and Kingsley,
1968; Frei and Stephens, 1968).

° Toluene is used extensively as a solvent for lipophilic chemicals
being tested for carcinogenic potential. Negative control studies

‘employing 100% toluene were negative.

V. QUANTIFICATION OF TOXICOLOGICAL EFFECTS

Health Advisories (HAs) are generally determined for One-day, Ten-day,
longer-term (approximately 7 years) and Lifetime exposures if adequate data
are available that identify a sensitive noncarcinogenic end point of toxicity.
The HAs for noncarcinogenic toxicants are derived using the following formula:

~ (NOAEL or LOAEL) x (BW)
HA = = L (e L)
(UF) x ( L/day) ng/ ug/

where:

NOAEL or LOAEL = No- or Lowest-~Observed-Adverse-~Effect-Level
in mg/kg bw/day.

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

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

L/day

assumed daily water consumption of a child
(1 L/day) or an adult (2 L/day).
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One-day Health Advisory

The effects of single inhalation exposures of humans to toluene for
periods up to 8 hours have been reported by several investigators (von
Oettingen et al., 1942a,b; Carpenter et al., 1944; Ogata et al., 1970;
Gamberale and Hultengren, 1972). Based on the consistent dose-response data
from a combination of these studies, it is evident that toluene at approxi-
mately 100 ppm for up to 8 hours/day causes no apparent adverse effects in
humans. Complaints of headache and drowsiness were reported by one volunteer
exposed to 50 and 100 ppm, while consistent toluene-induced effects (fatigue,
muscular weakness, incoordination) were evident in persons exposed to 200 ppm
for 8 hours. Gamberale and Hultengren (1972) reported that a 20-minute
exposure to 100 ppm toluene was a no-effect level when determined by perceptual
speed and reaction time tests. At 200 ppm, toluene was noted as clearly
causing toxic effects such as incoordination, exhilaration and prolonged
reaction time (von Oettingen et al., 1942a,b; Carpenter et al., 1944; Ogata
et al., 1970). These data substantiate the selection of 100 ppm (377 mg/m3)
toluene as the NOAEL in humans exposed for up to 8 hours.

Using a NOAEL of 100 ppm (377 mg/m3), a One-day HA is calculated as
follows:

Step 1: Determination of the Total Absorbed Dose {TAD)

ap = {377 mg/m) (20 m>/day)(0.6)(8 hr/24 hr) . 21,5 mg/kg/day

70 kg
where:

377 mg/m3 = NOAEL (converted from 100 ppm) for absence of
toxic effects in humans (von Oettingen et al.,
1942a,b).

8 hours/24 hours = duration of exposure in one day.
20 m3/day = assumed daily ventilation volume for 70 kg adult
0.6 = estimated ratio of dose absorbed (Nomiyama and
Nomiyama, 1974).
70 kg = assumed body weight of an adult.
Step 2:

The One-~day HA for a 10-kg child is derived from the TAD as follows:

One-day HA = f21.5 mg/kg/day)(10 kg) = 21,5 L (21,500 L
¥ (70) (1 Lyday) ng/L { ug /L)

where:

21.5 mg/kg/day = TAD
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10 kg = assumed body weight of a child.

10 = uncertainty factor, chosen in accordance with NAS/ODW
guidelines for use with a NOAEL from a human study.

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

Ten-day Health Advisory

No information was found in the available literature that was suitable
for determination of a Ten~-day HA value. It is therefore recommended that
the DWEL, adjusted for a 10 kg child (3.46 mg/L), be used at this time as a
conservative estimate of the Ten-day HA value.

Longer-term Health Advisory

No information was found in the available literature that was suitable
for determination of the Longer-term HA values. It is therefore recommended
that the DWEL, adjusted for a 10 kg child (3.46 mg/L), be used at this time
as a conservative estimate of the Longer~term HA values.

Lifetime Health Advisory

The Lifetime HA represents that portion of an individual's total exposure
that is attributed to drinking water and is considered protective of noncar-
cinogenic adverse health effects over a lifetime exposure., The Lifetime HA
is derived in a three step process. Step 1 determines the Reference Dose
(RfD), formerly called the Acceptable Daily Intake (ADI). The RfD is an esti-
mate of a daily exposure to the human population that is likely to be without
appreciable risk of deleterious effects over a lifetime, and is derived from
the NOAEL (or LOAEL), identified from a chronic (or subchronic) study, divided
by an uncertainty factor(s). From the RfD, a Drinking Water Equivalent Level
(DWEL) can be determined (Step 2). A DWEL is a medium-specific (i.e., drinking
water) lifetime exposure level, assuming 100% exposure from that medium, at
which adverse, noncarcinogenic health effects would not be expected to occur.
The DWEL is derived from the multiplication of the RfD by the assumed body
weight of an adult and divided by the assumed daily water consumption of an
adult. The Lifetime HA is determined in Step 3 by factoring in other sources
of exposure, the relative source contribution (RSC). The RSC from drinking
water is based on actual exposure data or, if data are not available, a
value of 20% is assumed for synthetic organic chemicals and a value of 10%
is assumed for inorganic chemicals., If the contaminant is classified as a
Group A or B carcinogen, according to the Agency's classification scheme of
carcinogenic potentia) (U.S. EPA, 1986), then caution should be exercised in
assessing the risks associated with lifetime exposure to this chemical.

The study by CIIT (1980) is the most appropriate from which to derive
the Lifetime Health Advisory. Rats were exposed to toluene via inhalation at
0, 113, 337 or 1130 mg/m3 for 6 hrs/day 5 days/wk for two years. All parameters
measured at the end of the study, to include clinical chemistry, hematology
and urinalysis, were normal with the exception of a decreased hematocrit in
females exposed at 100 and 300 ppm (377 and 1130 mg/m3, respectively) and an
increased corpuscular hemoglobin concentration in the high-dosed females.
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Similar changes did not occur in the males nor were they related to any patho-

logical findings. From these results, a NOAEL of 300 ppm (1130 mg/kg) was

identified.

Using this NOAEL, the Lifetime Health Advisory is derived as follows:

Step 1: Determination of the Total Absorbed Dose (TAD)

oap = 1130 mg/m3) (6 hours/24 28u;;) (20 m?[gay) (5/7) (0.6) = 34.6 mg/kg/day

where:
1130 mg/m3 = NOAEL from animal data.
6 hours/24 hours = exposure duration in one day.
20 m3/day = assumed daily respiratory volume of an adult.

5/7 = conversion of 5 day/week dosing regimen to 7 day/week
continuous exposure.

0.6 = estimated ratio of dose absorbed (Nomiyama and
Nomiyama, 1974).

70 kg = assumed body weight of an adult.

Step 2: Determination of the Reference Dose {RfD)

RfD

(34.6 ?%659/day) = 0.346 mg/kg/day

Where:

28.8 mg/kg/day TAD.

100

uncertainty factor, chosen in accordance with NAS/ODW
guidelines for use with a NOAEL from an animal study.

Step 3: Determination of the Drinking Water Equivalent Level (DWEL)

pweL = {0.346 mg/kg/day) (70 kg) = 12,1 mg/L (12,100 ug/L)
(2 L/day)

where:

0.346 mg/kg/day RfD.

70 kg

assumed body weight of an adult.

2 L/day

assumed daily water consumption of an adult.
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Determination of the Lifetime Health Advisory

Lifetime HA = (12,1 mg/L) (20%) = 2.42 mg/L (2,420 ug/L)

12,1 mg/L = DWEL.

20% = assumed relative source contribution from water.

Evaluation of Carcinogenic Potential

o

IARC (1982) has not classified toluene into various categories of
carcinogenic risk to humans.

Applying the criteria described in EPA's guidelines for assessment of
carcinogenic risk (U.S. EPA, 1986), toluene may be classified in

Group D: Not classified. This category is for agents with inadequate
animal evidence of carcinogenicity.

The chronic (106-week) bioassay of toluene in F-344 rats of both
sexes resulted in no carcinogenic effects (CIIT, 1980). Gross and
microscopic examination of tissues and organs revealed no increase

in neoplastic tissue or tumor masses among rats treated at 30, 100 or
300 ppm when compared with controls. This biocassay, however, could
have been performed at higher exposure levels, since the highest dose
administered (300 ppm) was not a Maximum Tolerated Dose (MTD).

Prechronic carcinogenicity testing of commercial toluene administered
by gavage to F344 rats and B6C3Fy mice has been conducted, but a
technical report on the data has not been issued (NCI, 1983). The NTP
(NCI, 1983) also has started a chronic bioassay of commercial toluene
in rats and mice exposed by inhalation. Testing is in progress, but
neither preliminary nor final data are available. The assessment of
the carcinogenic potential of toluene must await the completion of
these tests.

V. OTHER CRITERIA, GUIDANCE AND STANDARDS

°

TLV = 100 ppm ( 375 mg/m3); STEL = 150 ppm ( 560 mg/m)3 for skin
(ACGIH, 1981).

EPA's ambient water quality criterion for toluene is 14.3 mg/L (U.S.
EPA, 1980).

The EPA has proposed a Recommended Maximum Contaminant Level (RMCL)
of 2.0 mg/L based upon the Adjusted Acceptable Daily Intake (AADI) of
10.1 mg/L for noncarcinogenic effects assuming 20% contribution from
drinking water (U.S. EPA, 1985d).
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VII. ANALYTICAL METHODS

Analysis of toluene is by a purge-and-trap gas chromatographic procedure
used for the determination of volatile aromatic and unsaturated organic
compounds in water (U.S. EPA, 1985b). This method calls for the
bubbling of an inert gas through the sample and trapping toluene on an
adsorbant material. The adsorbant material is heated to drive off
toluene onto a gas chromatographic column. The gas chromatograph is
temperature programmed to separate the method analytes which are then
detected by the photoionization detector. This method is applicable to
the measurement of toluene over a concentration range of 0.02 to 1500
ug/L. Confirmatory analysis for toluene is by mass spectrometry (U.S.
EPA, 1985c). The detection limit for confirmation by mass spectrometry
is 0.2 ug/L.

VIII. TREATMENT TECHNOLOGIES

(-]

Treatment options for removing toluene from drinking water sources
include aeration and adsorption onto granular activated carbon (GAC).
Conventional treatment methods have been found to be ineffective for
the removal of toluene from drinking water (ESE, 1982).

The Henry's Law Constant for toluene (288 atm at 20°C) indicates it

is amenable to removal by aeration. In a pilot-scale study, a packed
column aerator, operated at 50 to 90% of its flooded condition,

removed toluene from contaminated water (ESE, 1982). A field study

by Cummins (1985) also demonstrated the efficacy of aeration treatment.

Water containing 62 ug/L toluene from a gasoline spill was decontami-
nated successfully by air stripping (air to water ration was 30:1 or
greater). The process was less effective at lower air to water
ratios (i.e., 8:1) but even at this ratio about 70% of the toluene
was removed.

Air stripping is an effective, simple and relatively inexpensive process
for removing toluene and other volatile organics from water. However,
use of this process then transfers the contaminant directly to the

air stream. When considering use of air stripping as a treatment
process, it is suggested that careful consideration be given to the
overall environmental occurrence, fate, route of exposure and various
hazards associated with the chemical.

Carbon adsorption isotherms developed by Dobbs and Cohen (1980) showed
that GAC can remove toluene from water effectively. However, with
Freundlich constants of 26 for K and 0.44 for 1/n, carbon usage rates
would be relatively high (U.S. EPA, 1985b). Toluene was also success-
fully removed from a light hydrocarbon cracking gquench using GAC.

The solution treated contained 8.3 mg/L toluene. Breakthrough on a 6
ft x 4 inch GAC column (Filtrasorb® 300) occurred after the processing
of about 1,200 gallons. Suffet et al., as cited by ESE (1982) found
that GAC (Filtrasorb® 400) adsorbed toluene from water containing a
mixture of contaminants. However, in this pilot study, breakthrough
occurred after 10 weeks, whereas levels of the other contaminants
remained below detection for 18 weeks.
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