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NOTE TO READERS OF THE CRITERIA DOCUMENTS

Every effort has been made to present information in the
criteria documents as accurately as possible without unduly
delaying their publication. In the interest of all users of
the envirommental health criteria documents, readers are
kindly requested to communicate any errors that may have
occurred to the Manager of the International Programme on
Chemical Safety, World Health Organization, Geneva,
Switzerland, in order that they may be included in corrigenda,
which will appear in subsequent volumes.

A detailed data profile and a legal file can be obtained
from the International Register of Potentially Toxic
Chemicals, Palais des Nations, 1211 Geneva 10, Switzerland
(Telephone no., 988400 - 985850).
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1. SUMMARY AND RECOMMENDATIONS

1.1 Summary
1.1.1 Identity and analytical methods

Toluene is the common name for methylbenzenme. It is a
clear, colourless liquid that is volatile (vapour pressure of
3.82 kPa), flammable, and explosive in air. The technical
product may contain small amounts of benzene, Toluene will
not react with dilute acids or bases and is not corrosive. 1In
the atmosphere, it reacts rapidly with hydroxyl radicals to
form a variety of oxidation products.

Adequate analytical methods have been developed to measure
toluene in air, water, biological tissues and fluids, and foeod
products, wusing gas chromatography with conventional flame
ionizatjon detectors. The detection limit for toluene depends
on sampling procedures and matrices, but is of the order of 1
ug/m? or 1 pg/kg or even lower,

1.1.2 Production, uses, and sources of exposure

Toluene is a commercially—important intermediate chemical
produced throughout the world in enormous quantities (0.5 -
1 x 107 tonnes), It 1is produced both in the isclated form
and as a component of mixtures. Toluene produced in the form
of a mixture is used to Dback-blend gasoline, Isolated
toluene, on the other hand, is used in: {(a) the production of
other chemicals; (b} as a solvent carrier in paints, thinners,
adhesives, inks, and pharmaceutical products; and (c) as an
additive in cosmetic products, Purified toluene wusually
contains less than 0.01% benzene, but the industrial grade may
contain up to 25% benzene.

The primary man-made sources of toluene released into the
environment are:

(a) 1indavertent sources (65%), i.e., emission from motor
vehicles and aircraft exhaust, and losses during
gasoline marketing activities, spills, and cigarette
smoke §

(b) processes in which toluene is used (33%); and
(¢) toluene production (2%).
The significance of each of these sources 1is expected to

vary widely from country to country. On the basis of
available data and estimates, 86% of the toluene produced is
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eventually released into the biosphere (predominantly the
troposphere), The life~time of toluene ranges from several
days to several months.

In yrban areas, a toluene level in ambient air of (.0001 —
0.204 mg/m® has been detected. Background levels menitored
at sites throughout the world indicate that the general
population is exposed to trace levels (0.00075 mg
toluene/m?). Toluene has been detected in drinking-water
(0 - 0,027 wg/litre), well water {0,005 - 0.1 wmg/flitre), and
in raw water (0,001 - Q.015 mg/litre}.

The general population 1is expaesed to toluene mainly
through inhalation of wvapour in ambient air, cigarette
smoking, and, to a minor extent, by ingestion of food or water
contaminated with teluene.

Certain groups of individuals are exposed to high levels
of toluene occupationally. Permissible levels of occupational
exposure established in various countries range from 200 to
750 mg/m® as a time-weighted average (TWA) for an 8-h day
and a 40-h week. A maximum allowable concentration (MAC) of
50 - 100 mg/m? has been adopted by other countries.

A speclal group exposed to toluene includes 1individuals
whno intentionally abuse solvent mixtures containing toluene
(e.g., "glue-sniffers") and those who are exposed to toluene
accidentally., Solvent abuse is a world-wide problem, and
long-term abusers are routinely exposed to conceantrations
exceeding 3750 mg/m’.

1.1.3 Kinetics, bilotransformation, and bioleogical monitoring

Studies on laboratory animals and human beings have shown
that toluene is readily absorbed from the respiratory tract
with an uptake of 40 - 60%Z in human beings. Liquid toluene is
also rapidly absorbed through the skin (14 - 23 wmg/cm® per
h), but absorption from the gastrointestinal tract appears to
be slower.

Following absorption, toluene is rapidly distributed, with
highest 1levels observed in adipose tissue followed by bone
marrow, adrenals, kidneys, liver, brain, and blood. A
calculated brain/bloed ratio of 1.56 was reported in rats
exposed via inhalaticn for 3 h. Controlled studies on
volunteers vrevealed that the higher the relative uptake of
toluene the lower the alveolar concentratiocn of the sclvent.
The relationship between arterial blood and alveolar air
concentration was linear and closely correlated. After
exposure at rest for 30 min to 300 wmg toluene/m?, the
relative uptake averaged 52%, the alveolar concentration was
28% of the 1inspired air concentration, and the arterial
concentration wmounted to .7 mg/litre of blood. Thus, by
measuring the toluene concentration in alveolar air during
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exposure, it 1is possible to estimate the arterial blood
concentration.
Some 60 - 75% of absorbed toluene 1is metabolized to

benzoic acid by the microsomal mixed-fuaction oxidase system,
with subsequent conjugation with glycine to form hippuric
acid. It is eliminated in this form through the kidneys.
About 10 - 20% of the absorbed toluene is excreted as benzoyl
glucuronide. Small amounts of toluene undergo ring hydroxy-
lation to form o-, m—, and p-cresol, which are excreted in the
urine as sulfate or glucuronide conjugates. A proportion of
the absorbed toluene (20 - 40%) is eliminated unchanged in
expired air., After a single exposure, the elimination of
toluene and its metabolites is almost complete in 24 h, The
half-life of toluene in subcutaneocus adipose tissue has been
estimated to be between 0.5 and 2.7 days.

Analysis of expired air andfor hleood during exposure
reflects current intake. The determination of the average
hippuric acid concentration in urine collected at the end of
the workshift appears to be the mwost practical method of
evaluating the overall occupational exposure of workers to
toluene levels of more than 375 mg/m?* (100 ppm). An average
level of hippuric acid of less than 2 g/litre (specific

gravity = 1016) or per g creatinine suggests that the
atmosphere was probably contaminated by less than 375
mg/m?, The o-cresol assay in urine should be further

investigated for determining exposures to low levels of
toluene.

l.1.4 Effects on experimental animals

Acute  inhalation data  indicate that the  species
sensitivity decreases as follows: rabbit, guinea-pig, mouse,
and rat. Inhalation LCgy values have been reported in the
range of approximately 20 0000 - 26 000 mg/m® for mice and
approximately 45 000 mg/m?® for rats. The oral LDgp in the
rat is between 2.6 and 7.5 g/kg body weight, depending on the
strain, age, and differences in sex. Toluene is a slight
dermal and a moderate eye irritant in animals and man. Acute
dermal toxicity appears to be quite low (rabbit; LDgp 1l4.1
ml/kg bedy weight).

In short- and long-term inhalation studies on experimental
animals, no effect was seen with exposure to 375 g
toluene/m?® for 24 months. In oral studies, administration
of 590 mg toluene/kg body weight, per day, for 6 menths did
not produce any effects. At low dose levels, in rats, the
target organs seem to be the kidneys and testes, while at high
dose levels, liver changes and effects on the central nervous
system are predominantly seen, Reversible functional and/or
morphological changes are dose-related.
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Numerous studies using pure toluene have failed ¢to
demonstrate haematopoletic effects. Toluene does not cause
permanent pathological effects on the heart, but high doses
(> 4000 mg/m?) may induce cardiac arrhythmia,

Contradictory results are reported 1in the existing
literature regarding the pathological effects of toluene on
the respiratory and urinary tracts of dogs, guinea-pigs, and
rats.

Toluene primarily affects the central nervous system
(CNS). A biphasic response to toluene exposure, which is
typical of a narcotic drug, has been found with initial
excitability followed by a depression in response. In most
studies, behavioural effects have been observed with exposures
in excess of 1875 mg/m?. Progressive natrcosis and seizures
have been seen at high exposure levels (15 000 mg/m?,
4 h/day). Initial depression of cortical activity resulting
in coma was induced in cats at 26 250 mg/m?, 10 mwin/day, for
40 days. Exposure at 7500 mg/m?, for 24 weeks, caused
interruption of the sleep cycle in the rat. Toluene has not
been shown to cause peripheral neuropathy.

Skin-painting studies on mice, where toluene was used as a
vehicle control, and one inhalation study on rats exposed to
pure toluene (112.5 - 1125 mg/m?, 6 h/day, 5 days/week, for
24 months) did not reveal any carcinogenic effects.

The results of studies on the mutagenic effects of toluene
in microbial, mammalian-cell, or whole-organism test systems
have, 1n most cases, been negative, Positive findings were
reported in 5 studies wusing in vive mammalian assays. In
these studies, however, the purity of the toluene used was not
always stated.

Toluene does not appear to be teratogenic in wice, rats,
or rabbits, but embryotoxic/fetotoxic effects were seen in
rats at a dose that was non-toxic for the dams exposed to
toluene concentrations of 1000 mg/m® air, and spontaneous
abortion occurred in rabbits exposed to 1000 mg/m? during

the entire period of organogenesis, However, orally
administered toluene was reported to be teratogenic in CD-1
mice. Exposure to 870 wmg/kg body weight on days 6 - 15

significantly increased the incidence of cleft palate. A
level of 430 mg/kg body weight was without effect.

The ability of toluene to interfere with biotransformation
and alter the toxic effects of several solvents has been
documented by several investigators. For example, toluene
decreased n-hexane metabolism and neurotoxicity, and also
benzene metabolism and effects on the haematopoietic system.
However, it  1increased the  hepatotoxicity of  carbon
tetrachloride.
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1.1.5 Effects on human beings

Toxicity studies on human beings have primarily involved
individuals exposed to toluene via inhalation either in
experimental or occupational settings or during episodes of
intentional abuse of solvent mixtures contailning toluene.

The primary effect of toluene 1is on the central mnervous
system {(CNS), The effect may be depressant or excitatory,
with euphoria in the induction phase followed by disorient-
ation, tremulousness, mood lability, tianitus, diplopia,
hallucinations, dysarthria, ataxia, convulsions, and coma.

Acute controlled and occupational exposures to toluene in
the range of 750 - 5625 wg/m? (200 - 1500 ppm) caused
dose-related CNS effects. Acute exposure to high levels of
toluene (e.g., 37 500 mg/m® or higher for a few min) during
industrial accidents was characterized by 1initial CN§
excitative effects (e.g., exhilaration, euphoria, hallucina-
tions) followed by progressive impairment of consciousness,
eventually resulting in seizures and coma.

Single, short—term exposures to toluene {750 mg/m® for
8 h) have reportedly caused transient eye and respiratory
tract irritation with lachrymation at 1300 mg/m?,

Repeated occupational exposures to toluene over a period
of years at levels of 750 - 1500 mg/m? (200 - 400 ppm) have
resulted in some evidence of neurological effects.

Toluene-containing mixtures have been implicated in the
causation of peripheral neuropathy but, in most cases, known
neurotoxins such as n—hexane or methylethylketone have been
present, and the role of toluene is not clear.

Irreversible neurological sequelae, such as encephalo-
pathy, optic atrophy, and equilibrium disorders have been

described in adult chronic toluene abusers. Toluene
inhalation was reported to be an important cause of encephalo-
pathy in children (aged 8 - 14 years) and may lead to

permanent neurological damage.

Transient abnormalities of hepatic enzyme activities have
been found in abusers of toluene mixtures, but significant
permanent hepatic damage does not occur. Occasional reports
of renal damage in glue-sniffers have appeared, characterized
by a form of distal tubular acidosis. There is no evidence
that toluene damages the haematopoletic tissues or the heart.

No adequate epidemioclogical studies on human beings exist.

The results of 3 studies indicated an increased frequency
of chromosome damage in the cultured blood lymphocytes of
rotogravure workers occupationally exposed to toluene, but, in
3 other similar studies, no effects were found. However, in
most cases, the number of subjects studied was small,
Moreover, the extent of exposure differed among the 6 studies
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and exposure to other, possibly mutagenic agents, such as
benzene and tobacco smoke, had usually wnot been adequately
considered.

Data on human beings are not adequate for the evaluation
of the teratogenicity of toluene. Subjective complaints of
dysmenorrhoea and disturbances in menstruation have been
reported in female workers exposed concurrently to toluene,
benzene, xylene, and other unspecified solvents. The limited
data available do not, however, specifically associate
occupational exposure to toluene with reproductive effects in
female and male workers.

1.1.6 Effects on_aquatic_and terrestrial organisms_in the

environment

Available data indicate that the production and use of
toluene do mnot adversely affect aquatic and terrestrial

ecosystems., The acute toxicity levels for fish and aquatic
invertebrates (LCs;)) range from 3.7 to 1180 mg/litre, but
most organisms show an LC 0 in the order of 15 - 30

mg/litre. Photosynthesis and respiration by marine phyto-
plankton communities are inhibited by toluene at 34 mg/litre.
No adverse effects were seen in long—term studies on 3 species
of freshwater and marine f£ish at concentrations ranging from
approximately 1.4 to 7.7 mg/litre. Spawning fish may detect
and avoid waters containing toluene at 2 mg/litre. The
effects of sublethal exposure to toluene are reversible, and
toluene residues do not accumulate in fish or aquatic
food-chains.

Toluene concentrations 1in industrial waste waters were
reported to rTange from 0.010 to 20 mg/litre. The bio-
degradability of toluene by microorganisms ranged from 63 to
86% after up to 20 days.

The adverse impact of toluene spills will be limited to
the immediate spill area, because of its fast degradation
under aerobic conditions.

The wvolatility and biodegradability of toluene suggest
that it would have a short half-life on soil surfaces,

Photolysis of toluene in the air, which also contains
other pollutants such as nitrous oxides and ozone, may
contribute to smog production.

1.2 Conclusions and Recommendations

i.z2.1 Conclusions

The available data indicate that exposure of the general
popuiation and environment to toluene does not present any
health and/or environmental hazards, at present. However,



long-term occupational exposure and solvent abuse may be
associated with permanent pathological changes and further
investigations are justified.

1.2.2 Recommendations

{(a) Enviroomental monitoring data

Data are needed on the magnitude, frequency, duration, and
extent of exposure(s) te toluene in the general populatiom,

(b) Biological monitoring data

(i} Further investigations are required on the possib-
ility of using determinations of toluene concentrations in
exhaled air and blood in the evaluation of the integrated
exposure during the previous 24 h; and

{(ii) There is a need for a comparative study of the
validity of hippuric acid and cresol determinations in

urine.

(c) Human reproductive effects

Information on the possible reproductive effects of
toluene in males and females is not adequate. Research in
this field is therefore recommended. The similarity of the
effects reported on human fetal growth and those observed in
animals draws attention to the need for further studies on
women exposed to toluene. Both experimental animal and human
case studies give information on the supposed role of toluene
in causing teratogenic effects through toxicokinetic or
toxicodynamic interaction. These reports should stimulate
further research on laboratory animals,

(d) Respiratory defence mechanisms

There 1s a need for further evaluation of the potential
effects of wvolatile organic substances such as toluene on
respiratory defence mechanisms.

(e) Neurobehavioural toxicity

(i) There is a paucity of data regarding the behavioural
and neurological effects of pure toluene at low levels
(i,e., Dbelow 375 - 750 mg/m?*). In particular, the
extent and nature (including permanance} of mneuro-
behavioural effects and the threshold of exposure to
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toluene, below which there are no-observed-adverse
effects, need to be determined to properly evaluate the
potential risks.

(1i) There is a need for further research to define and
refine the tests that are most relevant for neuropsyche-
logical investigations.

(iii) Toluene inhalation is a cause of encephalopathy
in children and may lead to permanent neurological
damage., Diagnosis is most important if further damage due
to continued abuse 1is to be prevented, and sensitive
assays should be further investigated (e.g., toluene
levels in expired air and in blood).

(f) Human studies on the significance of the reported
hepatomegaly and induction and inhibition of microsomal enzyme
systems for the detoxification or metabolie activation of
other chemicals are indicated.
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2. IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES,
ANALYTICAL METHCDS

2.1 Identity

Toluene is a common name for the chemical formed when one
hydrogen atom of the benzene molecule 1s replaced with a
methyl group.

Chemical structure: CHy

Chemical formula: C7Hg

Kelative molecular mass: 92,13

CAS chemical name; phenylmethane

CAS registry number: 108-88~3

RTECS registry number: XS 5250000 {(Tatken &
Lewis, 1983)

Common synonyms: methylbenzene

Common trade names: Methacide, Methylben-

zol, Toluol

Technical products in which toluene 1is the principal
ingredient are commonly formed from petroleum in which
petroleum fractions containing methyleyclohexane are
catalytically dehydrogenated. The purification of toluene
products may include azeotropic distillation with paraffinic

hydrocarbons, naphthenic hydrocarbems, or alcohols., Because
of the vdriety of methods used to produce toluene, the range
of impurities varies widely. Benzene is an important common

impurity in technical grades of toluene. Highly—-purified
toluene (reagent grade and nitration grade) conmtains less than
0.01% benzene, while industrial grade and 90/120 grade toluene
contain a significant quantity of benzene. The 90/120 grade
contains as much as 25% (US NIOSH, 1973).

2.2 Physical and Chemical Properties

Toluene is a volatile liquid that is flammable and
explosive. Some physical and chemical properties of toluene
under standard conditions are presented in Table 1.
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Table 1 Physical and chemical properties of toluene

Melting point -95 ¢ Weast (1977)
Boiling point (760 mm Hg) 110.6 °¢ Weast (1977)
Density {(g/ml, 20 "¢) 0.8669 Weast (19:7)
Specific gravity (20 “C) 0.8623 Weast (1977)
Vapour pressure (25 °C) 28.7 mm Hg Weast (1977)
Vapour density (air = 1) 3.20 Weast {1977)
Log partition coefficient 2.69 Tute (1971

(octanol/water)

Surface tension (20 °C)

o

28.53 dynes/em

Walker (1976)

Liquid viscosity (20 °C) 0.6 cp Walker (1976)
Refractive index (20 °C) 1.4969 Cier (19697
Percent in saturated air 3.94 Walker (1976)
(760 mm, 26 °C}

Density of saturated air-vapour 1.08 Walker (1976)
mixture (760 mm; air = 1,

26 °c)

Flammable limits (percent 1.17 - 7.10 Walker (1976)
by volume in air)

Flash point (closed cup) 4.4 °C Walker (1975)
Autoignition temperature 552 °C Walker (1976)

Solubility in:

Fresh water (25 *C)
Sea water (25 °C)

Saturation in:
air (25 °¢)

535 mg/litre
380 mg/litre

112 g/m?

Sutton & Calder
(1975)

Sutton & Calder
{1975)

2,3 Organoleptic Properties

Toluene is a clear, colourless liquid at ambient
temperature and has a benzene-like odour. The odour threshold
for tolueme in air has been determined to be 9.4 mg/m®. The
sensory threshold (the concentration at which volunteers, when
exposed for 15-min inhalation periods, had olfactory fatigue,
mild eye irritation, "tasting something", "light-headed", and
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headache, but, nevertheless, were willing to work for 8 h) was
700 mg/m?® (section 9.1.2.) {(Carpenter et al., 1976a,b).

2.4 Conversion Factors

In air (1 atm), at 25 “C: 1 ppm (V/V) = 3.75 mg/m® =
0.0407 mmol/m?;
1 mg/m® = 0.266 ppm (Katz,
1969)

2.5 Analytical Methods

Many methods have been used to determine the concentration
of toluene in air, water, and scoil.

Toluene exhibits characteristic UV, IR, NMR, and mass
spectra, which are wuseful in many specific control and
analytical problems. Analytical methods have included
colorimetry, involving nitration followed by reaction with
various ketones, spectrophotometry, direct estimation by means
of colorimetric indicator tubes, and gas chromatography
(Maffett et al,, 1956; Dambrauskas & Cock, 1963; Whitman &
Johnston, 1964; Williams, 1965; Kolekovsky, 1967; Reid,
1968), Gas  chromatography (GC) offers the greatest
specificity and sensitivity of the numerous methods of
analysis. Both packed columns using silica gel and capillary
columns have been used to separate toluene from interfering
substances {Fett et al., 1968), Photoionization detectors
provide better selectivity and sensitivity for toluene
measurements than flame ionization detectors (Federal
Register, 1979). Nevertheless, the flame ionization detector
is the most common detector used 1in volatile hydrocarbon
analyses; the wuse of gas chromatography interfaced with
computerized mass spectrometry has been developed for samples
containing toluene (Jermini et al., 1976; Lingg et al., 1977;
Dowty et al., 1979; Rasmussen & Khalil, 1983), The detection
limit for toluene in the environment depends on sampling
procedures and preparations, but is low, of the order of 1
w/m?® or 1 mg/litre or even less.

2.5.1 Sampling procedures

2,5.1.1 Air

When concentrations of toluene are large enough, air
samples can be collected as grab samples using aluminized
plastic bags, Tedler bags, or glass containers (Neligan et
al., 1965; Lonneman et al., 1968; Altshuller et al,, 1971;
Pilar & Graydon, 1973; Schneider et al., 1978), When smaller
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concentrations of toluene are to be measured, it is
quantitatively adsorbed on various large surface area
materials, such as charcoal, through which the air {s passed
(Reid & Haplin, 1968; White et al., 1970). Tenax GC®,
Porapak Q% and a variety of molecular sieves have been used
as sorbents for toluene. The sorbent is heated and the
enriched toluene sample is flushed with an inert gas directly
into a high-resolution glass or fused capillary tube for
characterization and measurement by gas chromatography/mass
spectrometry/computer techniques (Krost et al,, 1982).
Passive air sampling using charcoal as a sorbent has been
designed specifically for the long-term sampling of indoor and
ambient air (Seifert & Abraham, 1982, 1983), 1If equipment for
the thermal desorption of toluene from sorbents 1is not
available, toluene can be extracted from the sorbent using
carbon disulfide (Reid & Halpin, 1968; Fraser & Rappaport,
1976; Esposito & Jacobb, 1977; Fracchia et al., 1977),

The detection 1limit for toluene in air depends on the
volume of air passed through the sorbent, but is approximately
0.1 g/m® (Holzer et al,, 1977). For the passive collec-
tion methods, detection 1limits of approximately 1 g/m’
are obtained for ambient air monitoring (Hester & Meyer, 1979),

Cigarette smoke, a source of toluene for human beings,
requires a special sampling method (Dalhamn et al., 1968Dh).

2.5.1.2 Water

Other wmethods, apart from direct aquecus injection and
dichloromethane extraction, have been wused to determine
toluene in industrial waste waters (Junpgclaus et al., 1976,
1978}, The three most commonly wused methods for the
determination of toluene in aqueous media are the purge and
trap, headspace, and sorption on solid sorbeants (including
different variations of these methods, concerning the
temperature of the purging system, the stripping rate, the
duration of stripping, etc).

Purge and trap

The most widely used method for the determination of
toluene in drinking-water, waste water, and rain-water is the
purge and trap method {Bertseh et al., 1975; Grob & Zurcher,
1976; Lingg et al., 1977; Bellar & Lichtenberg, 1979; Dowty et
al., 1979). The detection limit is gemerally 1 ug/litre.

Headspace analysis

This method has not been applied frequently for cthe
analysis of environmental samples; however, the method was
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standardized with water samples spiked with model compounds.
Toluene concentrations of the order of 0.1 - 1.0 pg/litre
can be determined by this method (Vitenberg et al., 1977;
Drozd et al,, 1978).

Sorption on solid sorbents

This method, which is rarely used, is used for monitoring
toluene in drinking-water {(Ryan & Fritz, 1978).

2.5.1.3 B8oils and sediments

The purge and trap method has been wmodified for the
determination of wvolatile organic compounds in soil and
sediment samples. In general, the recovery of toluene from
these samples is low. A detection Llimit of approximately
0.2 pg/kg can be attained.

2.5.2 Biological monitoring of toluene exposure

A number of biological tests have been investigated for
evaluating human exposure to toluene: toluene in expired air
and/or in bleod and human breast milk; hippuric acid in urine
and/or blood; and benzoic acid, and a-crescl in urine (section
7.4)Y. The time of sampling of biological material 1is very
critical in all cases, because of the rapid metabolism of
toluene. In addition, the possibility that toluene metabolism
might be modified by the presence of other chemicals must be
considered (Waldron et al., 19383).

2.5.2.1 Blood, expired air, body fluids, and tissues

Toluene in blood has been determined by the GC analysis of
headspace samples (detection 1limit: 10 wg/litre) (Premel-
Cabic et al., 1974; Anthony et al., 1978; Radzikowska-Kintzi &
Jakubowski, 1981; Oliver, 1982), A direct injection method
applicable to GC in the determination of toluene in whole
blood has been reported by Aikawa et al. (1982).

Cocheo et al., (1982) have developed a purge and trap
method for the detection of toluene in blood in which the
detection limit is estimated to be less than 7.5 ug/litre.
Bellanca et al. (1982) described a similar method using GC-FID
for detecting toluene and othet organic compounds in tissues
and body fluids.

The concentration of toluene in alveolar air samples,
collected during exposure, is related to the intemsity of the
exposure (Astrand et al,., 1972; Brugnone et al.,, 1976, 1980;
Carlsson, 1982,a,b; Astrand, 1983).
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Under steady-state conditions, a constant relationship
between the uptake rate of toluene and toluene concentrations
in venous blood has been observed. Under non-steady-state
conditions, however, no simple relation exists between uptake
and the venous blood concentration of toluene.

Direct measurements confirmed a previous hypothesis that
the concentration of toluene in arterial blood during and
after exposure could be estimated from concentrations in
alveolar air.

While there is no unanimity, it can be concluded that
analysis of expired air and/or blood reflects actual intake
and may be a useful indicator of exposure to toluene {King et
al., 1981).

2.5.2.2 Urine

Toluene

Trace amounts of absorbed toluene, excreted in the urine,
can be analysed by one of the methads outlined in section

2.5.1.2.

Metabolites of toluene

The major metabolite, hippuric acid, is eliminated in the
urine. Tt can be determined by a number of methods including
colorimetry, UV spectrometry, and thin-layer chromatography
(TLC) (Umberger & Fiorese, 1963; Pagnotto & Lieberman, 1967;
Bieniek & Wilczok, 1981; Bieniek et al,, 1982}, The
sensitivity of the TLC method is 6 mg hippuric acid/litre
urine, Another sensitive method for estimating hippuric acid
in urine was developed by Caperos & Fernandez (1977)., 1In this
method, the hippuric acid in urine is extracted, wmethylated,
and quantified by GC-FID. The sensitivity of the method was
determined to be 5 mg/litre urine.

Bergert et al, (1982), Hansen & Dossing (1982), and Poggi
et al. (1982) determined the levels of urinary-hippuric acid
and other metabolites of toluene by a high-performance liquid
chromatographic (HPLC) method,

Hippuric acid is a normal constituent of urine,
originating mainly from food containing benzoic acid or
benzoates. For the occurrence of hippuric acid in the urine
of unexposed compared with that in. toluene-exposed persons,
see Table 6 (p. 55). The mean urinary-hippuric acid excretion
is higher in females rthan in males.

Unexposed persons excreted a mean concentration of
< 1.0 g Thippuric acid/litre, while workers exposed to
toluene excreted hippuric acid concentrations that were at
least 2 = 6 times higher, depending on exposure levels.
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Taking into account the levels of hippuric acid in urine
observed for unexposed persons and the individual wvariation in
these levels, separation between exposed and unexposed workers
cannot be done on an individual basis. Onrn a group basis,
however, the metheds are sufficiently sensitive.

At present, the determination of the average hippuric acid
concentration in urine collected at the end of workshift
appears to be the most practical method for evaluating overall
occupational exposure to toluene levels exceeding 375 mg/m?®
air. A group average of less than 2 g/litre (specific
gravity = 1.016) or g creatinine suggests that the atmosphere
was probably contaminated by less than 375 mg/m® (100 ppm)
toluene, The possibility of wusing the determination of
toluene in expired air and/or blood and o-cresol in urine,
particularly for exposure to low levels of toluene, should be
further investigated,

Sufficient data are not avallable to give an opinion about
the measurement of other metabolites such as benzoic acid or
o~cresol in urine to estimate exposure to toluene in the air.

2.5.2.3 Human breast milk

Toluene in human breast milk can be determined by the
purge and trap method, followed by thermal desorption and
capillary GC-MS analysis (Pellizzari et al., 1982),.

2.5.3 Foods and food containers

A headspace GC technique for quantification, and a GC-MS
technique for confirmation, were wused to determine trace
amounts of toluene in plastic containers. Toluene present in
the g/kg range can be determined by this method (Hollifield
et al., 1980).

2.5.4 Detection of marketed toluene purity

Toluene 1is marketed in different purity grades. The
purity as well as the number, concentrations, and identity of
other components can be determined by HPLC, GC, and GC-FID
methods (Fett et al., 1968; Grizzle & Thomson, 1982}, The
toluene content of high purity samples can be accurately
measured by determining the freezing point (Hoff, 1983).



- 26 -

3. SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

3.1 Natural Occurrence

Some types of vegetation are natural sources of toluene in
the enviromment (US NRC, 1980).

3.2 Man—Made Sources

3.2.1 Production levels, processes, and uses

3.2.1.1 Production

Production of toluene as a by-product of the carbonization
of coal was the major source of toluene during the latter part
of the 1%th century. Since the second World War, the
manufacture of toluene from petroleum sources has steadily
increased, and that from coke and coal-tar products has
decreased. At present, toluene is principally produced (87%)
by the catalytic reforming of refinery streams {(Hoff, 1983),
An additional 9% is separated from pyrolysis gasoline produced
in steam crackers during the manufacture of ethylene and
propylene. The other 4% originates as a by-product of other
processes,

3.2.1.2 World production figures

World production figures for toluene are summarized in
Table 2, according to different geographical areas, for the
years 1979-8l. From Table 2, it is c¢lear that, in 1981, the
world production of toluene was more than 10 000 metric tonnes.

3,2,1.3 Manufacturing processes

Loss into the environment during normal production and
handling

The three primary man-made sources of toluene released
into the environment are:

(a) production sources; toluene can be released into the
environment during its production as process losses,
fugitive emissions, and storage losses (approximately
2%);

(b) toluene when used as a solvent; toluene is released
into the ambient air, as a result of evaporation
(approximately 34%);



Table 2. World-wide annual toluene production in metric tomnnes

Geographical area Total toluene production
1979E 13302 19818
Africa 43
Canada 941
Europe {western) 1179 913 1666
Israel 63
Japan 962 > 2193
Oceania 46
South America 382
Thailand 215 16£
usA 3273 51048 6234
USSR > 11794

From: Chemical Industry {1980).

From; World Petrochemicals (1982) (as cited by Hoff, 1983},

From IRPTC {1984) (special inquiry).

Includes capacity data for three USSR toluene plants, which may not
have been completed.

1ejo loie

{c) 1inadvertent sources; the emission of toluene through
its use 1in gasoline can occur from three distinct
sources including: evaporative losses from automobile
service stations; evaporation from marketing
activities (handling and transfer of bulk
quantities); and emissions Ffrom motor vehicles and
aircraft (approximately 65%).

Other inadvertent sources of toluene emissions inteo the
environment include other manufacturing processes, by-product
formation, and cigarette smoke {(Anderson et al,, 1980), There
is substantial contamination of the enviromment from seepage
in the oceans, on land, and from the weathering of exposed
coal strata,

3.2.2 Uses

Toluene is of great importance as a chemical intermediate
and solvent.
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Up to 95% of the annually-produced toluene in the USA is
blended directly into the gasoline pool as a component to
increase the pyrolysis of gasoline (to increase the octane
number) (Hoff, 1983).

Isolated toluene is much more important as a solvent than
either benzene or xylene, Approximately two-thirds of its use
as a solvent is in paints, inks, thinners, coatings,
adhesives, degreasers, and other formulated products requiring
a solvent carrier (Kumai et al., 1983; Inoue et al., 1983),

Furthermore, toluene is used as & raw material in the
organic synthesis of a large number of chemicals such as
toluene diisocyanate, benzoic acid, benzaldehyde, xylene,
toluene-sulfonylchloride (the o-isomer is converted to
saccharin), other derivatives of toluene used as dye
intermediates, resin modifiers, germicides, etc, Lastly,
toluene is used as a denaturant in specially-denatured alcohol.
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4, ENVIRONMENTAL TRANSPORT, DISTRIBUTION, AND TRANSFORMATICN

4.1 Transport and Distribution Between Media

4.1.1 Alr

Toluene released into the environment wmainly enters the
atmosphere (because of its high vapour pressure) and surface
waters. Transport from the water (low solubility) to the
atmosphere is rapid. MacKay & Wolkoff (1973) and Mackay &
Leiononen {(1975) reported the calculated evaporation half-life
for toluene from 1 m deep water to be approximately 5 h; in a
state of equilibrium, only 26% of toluene would be present in
the gaseous phase above sea water {US NRC, 1980).

Atmospheric oxidation of toluene removes 50% of the
compound in less than 2 days f(half-life was estimated to be
12.8 h)., Because of this rapid removal, toluene will most
probably not remain in the atmesphere long encugh to be
removed by air to surface transfer mechanisms, such as dry
deposition or precipitation (US EPA, 1980).

Toluene has been detected in raln water at levels of
0.13 - 0.7 wg/litre (Lahmann et al., 1977}.

Toluene does not absorb radiation at wavelengths longer
than 295 nm. Although it absorbs insignificant amounts of
sunlight in the lower atmosphere, a charge-transfer complex
between toluene and molecular oxygen absorbs radiation of
wavelengths up to 35. nm. According to Wei & Adelman (1969),
it is the photolysis of this complex that may be responsible
for some of the obsarved photochemical reactions of toluene
related to smog production. Photolysis of teluene in air that
also contains nitrous oxides yields ozone, peroxyacetyl-
nitrate, and peroxybenzoylnitrate.

Toluene is removed from the atmosphere primarily through
free radical chain processes, of which reactions with hydroxy
radicals are the most important processes (Brown et al., 1975;
Perry et al., 1977), 1In the atmosphere, there are several
free radicals that are likely to combine with toluene,
including hydroxyl radicals (OH), atomic oxygen (0), and
peroxy radicals (ROp), where R is an alkyl or aryl group,
and also ozone (03). The tropospheric lifetime of toluene
at high latitudes during summer has been estimated to be about
4 days; in winter, the lifetimes may be of the order of
months. At tropical latitudes, the lifetimes are short (days
to weeks) and do not vary with season. The average
concentrations of toluene found in different regions of the
world vary between 0 and approximately 0.75 g/m?® air
{Rasmussen & Khalil, 1983).
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4.1.2 Water

Sauer et al. (1978) concluded, from their studies of the
coastal waters of the Gulf of Mexico, that toluene and other
alkyl benzenes are present at low levels in the marine
environment,

The presence of toluene in surface water in the USA has
been monitored by the US EPA STORET system (US EPA, 1980).
Only 17% of all surface waters monitored contained toluene at
concentrations higher than 10 ug/litre. Factors affecting
toluene levels in surface water and groundwater include
volatiltization, solubility, and, where groundwater is
concerned, degradation and/or adsorption of toluene during
percolation through soils. Toluene was detected in 85% of the
39 wells tested in 1978. The toluene concentration in these
well waters was below 10 ug/litre. Toluene has been
detected in raw water and in finished water supplies (up to
19 pg/litre) in several communities in the USA (US EPA,
1975a,b, 1977). It has been suggested that toluene may be
chlorinated during the chlorination process of waste water
(Carlson et al., 1975). However, this could not be confirmed
in laboratory experiments, and it was concluded that chlorine
added to waste water would not bind with toluene (US EPA,
1980).

4.1.3 Soil

Toluene probably exists in soils in the adsorbed state.
The adsorption of toluene by clay minerals (bentonite and
kaolinite) was found to follow Freundlich's adsorption
isotherm and the adsorption capacity increased as the pH value
decreased (E1-Dib et al., 1978), It can be anticipated,
therefore, that a portion of toluene in so0il will be
transferred to air and water. The part that stays in soil may
participate in chemical reactions {including photochemical
reactions) and biological degradation and transformation.

The results of 2 laboratory experiments (US EPA, 1980;
Wilson et al., 198l) showed that, about 40 - 80% of toluene
applied to the surface of sandy soils at 0.9 and 0.2 mg/litre,
respectively, volatilized into the air (estimated half-life of
4.9 h). The volatilization rate is, for instance, dependent
on the nature and organic content of the soil, and the
laboratory studies showed that toluene moved through sandy
soils with low organiec carbon content. The transfer of
toluene from soil to groundwaters is of importance with regard
to the contamination of these sources of drimking-water.
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4.1.4 Entry into the food chain

In 59 samples of edible fish (not specified), 95% showed
toluene concentrations of less than 1 mg/kg (w/w) (US EPA,
1980). Toluene was also detected in fish caught from polluted
waters in the proximity of petroleum and petrochemical plants
in Japan (Ogata & Miyake, 1973, 1978).

4.2 Biotransformation

4,2.1 Biodegradation

Toluene is easily degraded by activated sludge in sewage
plants (Malaney & McKinney, 1966; Matsui et al., 1975) and by
bacteria in estuarine and marine environments {(Walker &
Colwell, 1976; Tabak et al.,, 198l). It is also biodegraded by
a variety of soil microorganisms using toluene (up to 0.1%) as
the sole source of carbon (Tausson, 1929, FKaplan &
Hartenstein, 1979; Wilson et al., 1981).

Biodegradation of toluene accounted for 0.31, 4.81, 0.36,
0.09, and 18.47%Z of the total toluene loss in oligotrophic
lakes, eutrophic lakes, clean vrivers, turbid rivers, and
ponds, respectively. Using the standard dilution method and a
settled domestic filtered waste-water effluent as the seed to
determine the biochemical oxygen demand, the biodegradability
of toluene (percent bio-oxidized) ranged from 63% to B6% after
up to 20 days (Price et al., 1974; Bridié et al., 1979; Davis
et al., 1981).

The degradation of toluene has also been studied in mixed
cultures of bacteria (predominantly Pseudomonas). Chambers et
al. (1963), using these phenol-adapted bacteria, reported 38%
degradation of toluene after 180 min. In another study,
Dechev & Damyanova (1977) grew sludge cultures using phenol,
xylene, or toluene as the sole carbon source and found that
phenol-adapted bacteria proved less able to degrade xylene and
toluene, while toluene-adapted microorganisms showed greater
versatility in their ability te¢ oxidize phenol and xylene.
For information on the metabolism of teluenme by various types
of microorganisms, see Gibson (1971), Smith & Rosazza (1974},
Subramanian et al, (1978), and Kaplan & Hartenstein (1%979).

4.2.2 Bicaccumulation

The quantities of organic chemicals that accumulate in
aquatic organisms depends on uptake, excretion, and metabolism
(Hansen et al., 1978).

Bioaccumulation of toluene has not been  studied
adequately. The log octanol/water partition coefficient is
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2,69, a value that indicates that slight to moderate
accumulation takes place.

Roubal et al. (1978) did not find any toluene, while
higher homologues of toluene were present, in the tissues of
Coho salmon (Oncorhynchus kisutch). Berry {1980) detected
only small quantities of !'*C activity in different tissues
of bluegills (Lepomis machrochirus). Mean concentratioms of
12.4 mg/kg muscle tissue and 1.5 mg/kg liver tissue were found
in eels {(Anguilla japonica) kept in sea water containing 16.1
mg toluene/litre (Ogata & Miyake, 1978). They showed that the
half-life of toluene was 1.4 days., Berry & Fisher (1979)
determined that ‘“C-toluene 1in &4th-instar mosquitc larvae
was transferred to the bluegill stomach and intestine, but
that levels of toluene residues in other organs and tissues
were indistinguishable from those in the controls.
Consequently, it is unlikely that toluenme accumulates in an
ecosystem food chain.
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5. ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

5.1 Environmental Levels

5.1.1. Alr

The reported concentrations of toluene in air reflect,
undoubtedly, the regional differences in terms of production,
use, and emission patterns, the effects of meteorological
processes affecting transport and fate, sample siting and
averaging times, and differemces in sampling, analysis, and
detection. The toluene concentrations in the vicinity of
industrial sources of toluene may represent a burden for the
general population 1in such areas (Smoyer et al., 1971;
Mayrsohn, et at., 1976). Sexton & Westberg (1980) carried out
an ambient air monitoring programme mnear an automotive
painting plant. Toluene concentrations downwind within 1.6,
6, and 16,5 km of the plant were 0.600, 0.075, and 0.055
mg/m?®, respectively. The background toluene concentration
at a distance of 1.6 km upwind of the plant was 0.0055 mg/m°.

In the period between 1971 and 1980, atmospheric
concentrations of tolueme were estimated in Canada, Europe,
and the USA, The average concentrations found varied widely.
In rural areas, the levels were low whereas, in cities and
airports, very high concentrations were found. The average
concentrations ranged from 0.0005 te 1.31 wg/wm?. The
highest level found was 5.5 mg/m?® (Altshuller et al., 1971,
Grob & Grob, 1971; Pilar & Graydon, 1973; Leonard et al.,
1976; Lahmann et al., 1977; Johansson, 1978; Pellizzari, 1979;
Arnts & Meeks, 1981; Hdsdnen et al., 1981; Brodzinsky & Singh,
1982; Tsani-Bazaca et al., 1982; Wathne, 1983).

