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Toluene, Ethylbenzene and the Xylenes

Guidelines
The aesthetic objectives (AO) for toluene,

ethylbenzene and the xylenes in drinking water are:
AO

mg/L µg/L
toluene ≤ 0.024  ≤ 24
ethylbenzene ≤ 0.0024  ≤ 2.4
xylenes (total) ≤ 0.3  ≤ 300

Identity, Use and Sources in the
Environment

Toluene, ethylbenzene and the xylenes all belong to
a group of organic compounds known as alkyl benzenes.
They are single-ring aromatic hydrocarbons with various
alkyl groups attached to the ring. Toluene and
ethylbenzene contain a methyl group and an ethyl group,
respectively, whereas the xylenes contain two methyl
groups.

There are three possible xylene isomers: 1,2-, 1,3-
and 1,4-dimethylbenzene; these will be referred to as
the o- (ortho), m- (meta) and p- (para) xylene isomers,
respectively, for the remainder of this review. The
xylenes are for the most part manufactured and
marketed as a mixture of the isomers, and this mixture
will be termed xylene in this report.

Toluene, molecular formula C7H8, is a clear,
colourless liquid at room temperature, and it has a
sweet, pungent, benzene-like odour.1 It has a boiling
point of 110.6°C2,3 and a vapour pressure of 3.8 kPa at
25°C, and its density is 0.8869 g/mL at 20°C. Toluene is
slightly soluble in fresh water (535 mg/L) at 25°C.4 Its
log octanol–water partition coefficient (Kow) is about
2.74.5

Ethylbenzene, molecular formula C8H10, is a
flammable, colourless liquid with an aromatic odour.
It has a boiling point of 136.25°C,2,3 and at 25°C its
density is 0.866 g/mL.6 In distilled water at 25°C,
ethylbenzene has a solubility of 161.2 mg/L.7

Ethylbenzene has a Kow of 3.15.5
The molecular formula of the three xylene isomers

is C8H10, and all ar e colourless liquids at room
temperature. Pure p-xylene forms colourless plates or

prisms at 13°C, whereas the other two isomers are
liquids.8 The boiling points for the xylenes range from
137 to 144°C,2,3 and Kow‘s are 2.77, 3.20 and 3.15 for
the o-, m- and p-isomers, respectively.5

The primary source of these alkyl benzenes in the
environment is the petroleum industry and, to a lesser
extent, the coke industry. Toluene, ethylbenzene and the
xylenes are all used extensively as solvents and as raw
materials in the synthesis of a variety of chemicals. All
are used to some extent in the rubber and plastics
industries, and all have been used as gasoline additives.

Seventy percent of all toluene produced is used in
the manufacture of benzene.1 Toluene is also commonly
used as a solvent or thinner in paints, lacquers and
adhesives and as a precursor of other widely used
chemicals, such as toluene diisocyanate, phenol,
nitrotoluenes and vinyl toluenes.

Ethylbenzene is primarily used in the manufacture
of styrene. In 1975, 98% of all ethylbenzene produced
in the United States was used as the raw material for
styrene manufacture.9 Ethylbenzene is also present in
xylene (up to 20%), and this mixture is used as a diluent
in the paint industry, in agricultural sprays for
insecticides and in gasoline blends.9

Xylene is primarily used as a solvent, and it can be
found in protective coatings, lacquers, enamels, rubber
cements and cleaning agents. The three isomers are
also used individually as starting materials in the
manufacture of various chemicals. For example,
o-xylene is used to produce phthalic anhydride,
m-xylene to produce isophthalic acid and p-xylene
as a precursor of tetraphthalic acid.10

In 1983, Canada produced over 400 000 tonnes
of both toluene and xylene.11 Estimates of usage of
ethylbenzene and xylene in areas surrounding the Great
Lakes Basin were given in a 1981 Annual Report in
which human health effects in the Great Lakes area
were assessed.12 The annual use or production of
ethylbenzene in Ontario is 200 million kilograms.
Ontario uses more than 100 million kilograms of
xylene annually.
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The alkyl benzenes are recognized primarily as
atmospheric pollutants mainly because of their high
volatility, but small amounts may enter aquatic and
terrestrial systems (e.g., gasoline spills from leaking
storage tanks).

Exposure
In a study of 30 potable water treatment plants in

Canada, analysis of the raw water showed toluene,
ethylbenzene and o-, m- and p-xylenes present in 27, 14
and 7 of the 60 samples, respectively.13,14 In both the
raw and treated water, ethylbenzene and m-xylene were
found at concentrations below 0.001 mg/L, whereas the
concentration of toluene was 0.002 mg/L in the treated
water. In a study of Ontario drinking water, toluene and
xylene were found at concentrations ranging from the
detection limit of 15 ng/L to 500 ng/L.15 When drinking
water from 12 Great Lakes municipalities was analysed,
toluene was detected in five areas (1.0 to 2.8 ng/L) and
o- and p-xylene in seven areas (1.1 to 12.0 ng/L total).16

No values were given for ethylbenzene.
Alkyl benzenes have been measured in ambient air,

but there are very few data for indoor air or for food.

Analytical Methods and Treatment
Technology

Analysis of toluene, ethylbenzene and the xylenes
may be done by a purge and trap gas chromatographic
procedure used for the determination of volatile
aromatic organic compounds in water.17 With the use of
a photoionization detector, the detection limit for all of
the above-mentioned compounds is 0.02 µg/L. The
detection limit for confirmation by mass spectrometry is
0.2 µg/L. It is likely that the practical quantitation limit
(based on the ability of laboratories to measure these
compounds within reasonable limits of precision and
accuracy) is about 5 µg/L, as it is for benzene.

Conventional water treatment processes may be
partially effective for removing the xylenes from
drinking water but ineffective for the removal of toluene
or ethylbenzene. Aeration or air stripping is an effective,
simple and relatively inexpensive process for removing
xylene and other organics from water. However, use of
this process transfers the contaminant directly to the air
stream. When considering the 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.

Aeration appears to offer the best potential for
removing ethylbenzene from contaminated water.

Health Effects
The majority of the available information on the

chronic toxicity of the alkyl benzenes and xylenes
relates to the inhalation route. Some data available on
the oral route of exposure lead to the conclusion that
these compounds are rapidly absorbed and that the
side-chain alkyl groups are rapidly and extensively
metabolized by microsomal mixed-function oxidases
to water-soluble acids or their conjugates, which are
readily excreted via the kidneys.

Rats were given oral gavage doses of 13.6, 136, 408
or 680 mg/kg bw per day of ethylbenzene in olive oil for
130 days of the 182-day test period.18 No effects were
observed in rats given doses of 13.6 and 136 mg/kg bw
per day. Increases in liver and kidney weights were
reported following oral administration of 408 or
680 mg/kg bw per day. There were also slight
histopathological changes at those dose levels. No
results of similar experiments involving the oral
injection of toluene or the xylenes were found.

Classification and Assessment
From the available information on the toxicology of

toluene, ethylbenzene and the xylenes, the exposures or
doses related to the induction of central nervous system,
respiratory or irritant effects exceed, by several orders
of magnitude, the levels known to elicit organoleptic
effects. Therefore, these substances have not been
classified on the basis of potential health effects.

Aesthetic Considerations
Alexander and co-workers measured aqueous odour

and taste thresholds for various chemicals.19 The odour
threshold values were reported as milligrams of
compound per litre of odour-free water at 60°C. The
authors stated that the odour thresholds measured at
60°C should be applicable to ambient temperature,
because the temperature effect appeared to be small. The
taste threshold values were reported as milligrams of
compound per litre of odour-free water at 40°C.

For toluene, two odour threshold measurements of
0.024 mg/L were reported; for ethylbenzene, two odour
threshold measurements of 0.0016 and 0.0032 mg/L
(average value 0.0024 mg/L) were reported.

Also for toluene, two taste threshold measurements
of 0.12 and 0.16 mg/L (average value 0.14 mg/L) were
reported; for ethylbenzene, two taste threshold
measurements of 0.064 and 0.08 mg/L (average value
0.072 mg/L) were reported.

For the xylenes, Middleton et al. stated that taste
and odour could be detected at concentrations ranging
from 300 to 1000 ppb (0.3 to 1.0 mg/L).10
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Rationale
The aesthetic objectives are ≤0.024 mg/L for

toluene (the odour threshold cited above); ≤0.0024 mg/L
for ethylbenzene (average of the odour thresholds cited
above); and ≤0.3 mg/L for total xylenes (the lowest taste
and odour threshold cited above).
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