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This review is a slightly revised version
of a criteria document prepared for the
Nordic Expert Group on Hygienic Thresh-
old Values under the Nordic Council of
Ministers (8). A critical evaluation of the
recent literature is made on the basis of
Criteria for a Recommended Standard:
Occupational Exposure to Toluene (98). Of
the available publications only those
which are considered to form a reliable
and relevant medical basis for the estab-
lishment of a hygienic threshold wvalue
have been included.
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FIELDS OF APPLICATION

Toluene is a colorless liquid. It is used as
a solvent, a thinner, and as a basic ma-
terial in a large number of chemical
industries using toluene for the manu-
facture of toluene diisocyanate, phenol,

benzene, nitrotoluenes, vinyl toluenes,
paints, lacquers, adhesives, etc.
Furthermore hazardous exposure to

toluene-containing colors, lacquers, glues,
thinners, cleaning liquids, etc., can occur
during painting and lacquering in the
lumber and furniture industries; occasion-
ally during the painting of buildings, car
painting and other metal painting; during
such work as linoleum laying; and also in
the rubber, plastics, leather and tanning
industries. In these industries toluene may
also be used for dyeing. Finally, toluene
is widely used in the printing industry.
There has been a steady increase in the
application of toluene for synthetic use,
etc., allowance being made for market
fluctuations. In the chemical industry
toluene is generally used at stationary
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work sites where exposure is normally
limited to the processes of cleaning and
repairing machines.

When toluene is used as a solvent and
a thinner in paints, lacquers, adhesives
and cleaners, hazards from exposure are
likely to occur in small areas where the
worker is mobile and where the rate of
evaporation is high and exhaust facilities
are few. Therefore the greatest hazards
from exposure are found in this type of
exposure.

Endeavors are being made to develop
paints, lacquers and adhesives based on
water as a vehicle and thinner for the
binding agents, pigments and adhesives. A
few products have already been devel-
oped, especially of the adhesive type.
Successful further development of these
products will reduce toluene exposure
considerably.

Some of the physicochemical properties
of toluene follow.

Systematic name
Synonyms

CAS number
Molecular formula

Structural formula

Molecular weight

State at
25°C, 101.3 kPa

Boiling point at
101.3 kPa

Vapor pressure
at 25°C

Solubility

Conversion factor

METABOLISM

methylbenzene
toluene, toluol
108—88—3
CsHsCH3

o

92.13
colorless liquid

110.6°C

3.73 kPa (~ 137,500 mg/
m?)

about 6.5 mmol/l of wa-
ter at 20°C; soluble in
acetone, miscible with
ethanol, diethyl ether
and benzene

1 mg/m3 = 0.267 ppm
1 ppm = 3.75 mg/m3

Absorption through the lungs

The retention of toluene by the Ilungs
depends on the ventilation of the lungs,
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the concentration gradient over the alveo-
lar wall, the distribution -coefficient
blood/air for toluene, and, to a smaller ex-
tent, on the blood circulation through the
alveoli (1).

At a given concentration of toluene in
inhaled air, the concentration in the alveo-
lar air and arterial blood quickly increases
during the first 10—15 min. Already after
10 s of exposure it is possible to detect the
presence of toluene in arterial blood (2).
After that the concentration increases
more slowly and reaches a fairly constant
level after about 25 min (1, 2). During this
period the retention is 75—80 %o (2, 109).

The rate of retention decreases as the
organism approaches a state of equilib-
rium with respect to the absorption, dep-
osition and excretion of toluene and its
metabolites. After 2—3 h of exposure the
rate of retention falls to an almost con-
stant level — approximately 40—50 %/ (99,
109, 123, 139). The average rate of reten-
tion over a period of 5 h is approximately
50 % (123). Dogs absorb about 3—4 %o
through the upper respiratory tract (32).

Absorption expressed as a function of
time may be described as a sum of three
exponential terms (117), which are re-
duced to the following:

Y= A [1—e™, (a)

when retention reaches a constant level
(142). Y is the body concentration to the
time t, A is the body concentration at
equilibrium, and « is the time constant.

Gastrointestinal tract

Case reports on accidents and suicide
attempts, as well as attempts at curing
leukemia with toluene (16), show that
toluene may be absorbed through the
gastrointestinal tract.

Animal experiments have shown that
toluene is absorbed more slowly via the
gastrointestinal tract than via the lungs.
The blood concentration reaches its maxi-
mum 2 h after oral administration (110).
Absorption is almost 100 %0 in that 76 /o
recurs in the form of hippuric acid in the
urine (73) and about 18 % is excreted in
the form of toluene vapors via the lungs
(121).



Table 1. Volumes and perfusion of the four tissue groups, their distribution coefficients, bio-
logical half-times and distribution volumes for toluene.

Tissue group

Parameter Symbol

Vessel poor

- Vessel rich Muscle Fat

(unit)
Volume in a 70-kg person V @) 6.0 33.0 14.5 1254
Percentage of the minute
volume of the heart to
tissue group %o 75.0 18.1 5.4 1.5
Perfusion in a 70-kg
person at a heart-minute
volume of 7 1/min V (1/min) 5.25 1.27 0.38 0.10
Tissue/blood distribution
coefficient (rabbit) P i 2.3 1.6 74.3 1.9
Tissue/blood distribution
coefficient (human) ¢ A — — 81—83 —
Biological half-time tyy2 (h) 2 min 0.5 77 2.8
Distribution volume Vaist (D) 14 53 1,189 23

a This value includes lung tissue corresponding to 0.5 L.

b From Sato et al. (117).
¢ From Sato et al. (117) and Sherwood (120).

Absorption through the skin

With exposure to 2,250 mg/m?® (600 ppm)
of toluene for 3.5 h a quantity correspond-
ing to approximately 0.9 %o of alveolar
retention has been shown to be absorbed
through the skin, as measured by the ex-
haled amount (112). Exposure of skin to
1,600 mg/m?* of toluene for 8 h did not
result in any abnormal excretion of hip-
puric acid (109).

Liquid toluene is absorbed through the
skin at rates of 150—250 ymol/cm*h (14—
23 mg/cm*h). In the case of aqueous tol-
uene solutions the rate of absorption is
proportional to the concentration (31).
Transportation from the skin is very
slow. After 10 min of immersion of both
hands the values of the toluene concentra-
tion in exhaled air is about 25 times lower
than those observed after 2 h of exposure
to 375 mg/m?* (100 ppm) (52, 116). After
a subcutaneous injection of toluene into
animals the blood concentration reaches
its maximum after 4 h (42).

Distribution
The solubility of toluene in blood is

indicated by the distribution coefficient
blood/air, observed to be 11.2—15.6 at

37°C (80, 114, 115, 120, 143). This distri-
bution coefficient is independent of the
hematocrit value (114) and of the hemo-
globin content of the blood (80).

Toluene is not very water-soluble (ap-
proximately 6.5 mmol/l at 20°C), and
hence it must bind to the lipids and the
lipoproteins of the plasma — primarily
those of the chylomicrons (42, 117, 143).
The solubility of toluene in lipids decreases
with the increase of electric charges and
possible polarity. The distribution coeffi-
cients cholesterol/blood and triolein/blood
are thus 3.5 and 115, respectively (117).

The quantity of toluene absorbed by a
tissue depends on the distribution coeffi-
cient tissue/blood, on the duration of
exposure, and on the rate of metabolism.
The rate of its absorption depends on the
perfusion of the tissue and on the concen-
tration gradient.

The human organism is divided into the
following four tissue groups by anesthe-
siologists (106): VRG: vessel rich group
(brain, heart, liver, intestines, kidneys,
and endocrine glands); MG: muscle group
(muscles and skin); FG: fat group (fatty
tissue and yellow bone marrow); VPG:
vessel poor group (bones, connective tis-
sues, lung tissue). This division is appro-
priate for an examination of the distribu-
tion of toluene. Table 1 shows the volumes
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and perfusion of these tissue groups in re-
lation to determined distribution coeffi-
cients (rabbit tissue), biological half-time
and distribution volumes, the distribution
volume being V4 = V-1 and the bio-
logical half-time being ty;, = Vg, * In2/V.
In the mentioned biological half-time, bio-
transformation has been disregarded.

The distribution coefficient tissue/blood
is 1—3 for all tissue groups except FG, for
which it is about 80. The distribution
volume tells directly how much toluene
{expressed in millimoles) can accumulate
in the tissue at a blood concentration of 1
mmol/l. The largest quantity of toluene
accumulates in FG, and this accumulation
is in accordance with the fact that reten-
tion is positively dependent on a person’s
amount of fat (21).

Furthermore animal experiments have
shown a relatively high distribution to the
stomach wall in the case of inhalation
[distribution coefficient stomach/blood =
4—5 (110)].

There are no data available on the
effects of toluene passing through the pla-
centa.

Biotransformation

Toluene is transformed mainly in the
microsomes of the liver parenchymal cells
by oxidation in one out of several possible
positions (45, 94). Benzoic acid is the
most important product of such transfor-
mation (18, 43, 146). It is formed by
oxidation of the methyl group of toluene
via benzyl alcohol and benzaldehyde (73).
Benzyl alcohol has been detected in the
urine of rats (10), but benzaldehyde has
not been found in either urine or expired
air (10, 121). It is possible that benzyl
alcohol is formed by a free benzyl radi-
cal (149).

In rat liver the rate at which toluene is
oxidized to benzoic acid has been found to
be 0.6 mmol - h='/kg of liver (56). Some 75
to 80 % of the quantity of toluene ab-
sorbed is converted to benzoic acid (73).

In the human organism toluene is almost
exclusively converted to benzoic acid
(124). However, there are indications that
small quantities may be converted to
phenolic compounds both in human beings
and in animals (10, 38, 44, 130). By the
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oxidation of toluene in the aromatic nu-
cleus 0.1 /o has been converted to o-cresol
and 1 %o to p-cresol, but none to m-cresol
(10, 76, 141). This oxidation is catalyzed
by the enzyme arylmonoozygenase, and it
takes place by epoxide formation (66, 67).
Furthermore it has been stated that small
quantities of toluene may be transformed
to pyrocatechol and f-ketoadipic acid (13).

The metabolites formed from toluene
are made more readily water-soluble by
conjugation with suitable compounds
(146). Benzoic acid is conjugated with
glycine to form hippuric acid (73, 87, 124,
146) and with glucuronic acid to form
benzoylglucuronide (13, 76, 114, 139).
Benzyl alcohol and phenolic derivatives
are conjugated with glucuronic acid and
sulfate (10, 44, 76, 130).

Elimination through the lungs

The exhaled quantity of toluene depends
on the difference between the concentra-
tions in blood and alveolar air, the distri-
bution coefficient blood/air, and ven-
tilation. The minute volume of the heart
is comparatively insignificant in the case
of toluene, which has a relatively high
blood/air distribution coefficient (47).

The concentration of toluene in the ex-
haled air falls rapidly during the first 10
min after exposure (1, 2). Two hours after
exposure the concentration in the exhaled
air is very low (1, 2, 103); 15—20 %o of the
absorbed quantity of toluene is exhaled
(43, 99, 100, 121, 123, 139).

Elimination through the kidneys

The elimination of toluene and its deriva-
tives also takes place through the kidneys.
Eighty percent of the benzoic acid is ex-
creted as hippuric acid (124, 146) and
20 %y as benzoyl glucuronide (13, 76, 103,
124, 139). Phenolic derivatives (10, 44, 130)
are excreted as glucuronides and sulfates
(44, 76). Besides, small quantities of benzyl
alcohol are excreted (10). Small quantities
of toluene — corresponding to the solu-
bility of toluene in water — are excreted
unchanged (123, 139).



Elimination through the gastrointestinal
tract

Less than 2 %o of absorbed toluene is
excreted unchanged and as metabolites
via the bile to the intestine (3). A large
quantity of these excretions is resorbed so
that only small amounts of toluene are
excreted in feces. Toluene may be ex-
creted unchanged or converted from the
stomach wall to the contents of the sto-
mach (110).

Other paths of excretion

The toluene absorbed by the skin, owing
to skin contact with liquid toluene,
quickly evaporates when skin contact ends
(52, 146).

Biological half-time

Table 1 shows the biological half-times for
the four tissue groups. Toluene is dis-
tributed to the various tissues in amounts
corresponding to the perfusion of the
tissues, which is expressed as the percent-
age of the minute volume of the heart.

Therefore, for the VRG tissues with very
short bioligical half-times, peak concen-
trations of even short duration may quick-
ly result in high concentrations. In the
cerebral and nervous tissues they may
theoretically result in very high local con-
centrations in lipid-rich structures.

The concentration of toluene in alveolar
air follows the concentration in venous
blood after exposure. Concentration ex-
pressed as a function of time may, in both
cases, be described as a sum of exponential
terms as follows:

Y = Ajemdt + Aje2t + AgeSt, (b)
The figures indicate various compart-
ments, which are often interpreted physio-
logically as tissue groups (1~ VRG;
2~ MG -+ VPG; 3~FG). The A’s corre-
spond to the contributions to the blood/
alveolar air concentration (Y) from the
respective tissue groups at the end of ex-
posure. The — «’s are the time constants
for the reduction of the contributions of
the respective tissue groups to the blood/
alveolar air concentration; « implicitly
involves biotransformation in the tissue

groups. Table 2 shows determined values
for A and a.

Table 2. Experimentally determined values of the constants A and a in equation b for venous

blood and alveolar air in humans.

Compartment
Constant Sex Unit Reference
1 2 3

A

Venous blood Male 3.85 3.82 1.40 smol/1 Sato and Fujiwara (113)
and Sato et al. (117)

(35.5) (35.2) (12.9) (11g/100 ml) Sato and Fujiwara (113)

and Sato et al. (117)

Alveolar air Male 0.34 0.21 0.056 smol/1 Sato and Fujiwara (113)
and Sato et al. (117)

(3.17) (1.95) (0.513) (1¢g/100 ml) Sato and Fujiwara (113)

and Sato et al. (117)

o

Venous blood Male 0.355 0.0197 0.00339 min—1 Sato and Fujiwara (113)
and Sato et al. (117)

Alveolar air Male 0.437 0.0262  0.00313 min—! Sato and Fujiwara (113)
and Sato et al. (117)

Alveolar air  Male 5.10 0.335 — h-1 Nomiyama and Nomi-
yama (100)

Alveolar air Female 3.22 0.335 — h—-1 Sato and Fujiwara (113)

and Sato et al. (117)
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Biological half-time may be determined
by the relation:

t, = In2/u (o)

The biological half-time for hippuric acid
in urine has been found to be 74 min for
women and 117 min for men (101).

Factors affecting metabolism

In rats the mean lethal dose (LDj;,) in-
creases for toluene with the years (71).
This phenomenon might be related to a
change in biotransformation activity, as
seen for pharmaceuticals (68).

Women eliminate smaller quantities of
toluene through the lungs than men (100)
and presumably have a lower concentra-
tion of toluene in the blood during the
elimination phase. This situation may be
related to the fact that the biological half-
time for hippuric acid in urine is shorter
for women (101). There is no difference
between women and men in respect to
total hippuric acid excretion over 24 h.

Adipose persons have a lower alveolar
air concentration and consequently a
higher rate of retention than thin per-
sons (21).

Exposure to 750 mg/m?* (200 ppm) of
toluene for 8 h has been shown to result
in the excretion of 17.2 mmol of hippuric
acid. This excretion involves a quantity
of glycine corresponding to the amount
contained in 100 g of meat (139). Exper-
imental subjects whose diet was supple-
mented with glycine excreted more hip-
puric acid (103).

Phenobarbital activates the process of
hydroxylation by inducing liver micro-
somal enzymes (25, 61). Rats treated with
phenobarbital have shown a lower toluene
concentration in the blood than untreated
rats (61). The hippuric acid concentration
in the urine reached its maximum more
quickly and was three to four times
higher than in the control animals. Rel-
atively high concentrations of benzoic
acid in the blood were detected — nor-
mally benzoic acid is not found in blood
(61).

Animal experiments have shown that
benzene, styrene, and toluene are oxidized
by the same enzyme systems in the paren-
chymal cells of the liver (58, 61, 62) and
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that they competitively inhibit the enzy-
matic transformation of each other (61,
62). Large doses of toluene reduced the
concentration of benzene metabolites in
tissue and urine and increased the ex-
halation of benzene. Besides, the decreas-
ing effect of benzene on the incorporation
of iron in erythrocytes was inhibited or
neutralized depending on the dose ratio of
benzene/toluene (6).

Toluene and trichloroethylene, which
are not oxidized by the same enzyme sys-
tems, noncompetitively inhibit the oxida-
tion of each other (58). Other solvents
which are not oxidized by the same en-
zyme systems do not inhibit the biotrans-
formation of toluene. This phenomenon
has been demonstrated with, e.g., n-hex-
ane (87, 127) and ethyl acetate (140).

In the case of physical work under con-
stant exposure there is an approximately
linear relation between the intensity of
work and the toluene concentration in
alveolar air and arterial blood. In ex-
posure during light work (50 W) alveolar
air and arterial blood concentrations are
double the levels seen with exposure at
rest (1, 2).

TOXICOLOGIC MECHANISMS

The toxicologic mechanism of toluene is
not known. The lipid-dissolving property
of toluene is often used for extracting
membrane lipids from cells for the study
of intracellular processes in situ. In this
connection it has been noted that certain
biochemical processes are inhibited, such
as protein synthesis (Bacillus subtilis)
(148).

ORGAN EFFECTS

Organ effects have been reported in the
nervous system, blood and hematopoietic
organs, liver, kidney, heart, mucous mem-
brane, the immune system, and the skin.

Central nervous system

Like other organic solvents toluene has a
predominantly depressing effect on the
central nervous system (CNS).



Experimental exposure to concentra-
tions of up to 3,000 mg/m®* (800 ppm) has
produced acute dose-related CNS symp-
toms such as drowsiness, tiredness, head-
ache, dizziness and nausea. It has also
caused impaired coordination, dilatation
of the pupils, impaired light accomodation,
confusion, and a staggering gait (23, 103).
The symptoms have also been described in
a number of worksite investigations (15,
19, 20, 82, 84, 92, 147). The last-mentioned
reports have made no distinetion, how-
ever, between symptoms lasting only a
short time and more lasting symptoms
which may indicate irreversible effects on
the CNS.

Lasting and possibly irreversible CNS
symptoms, disturbances of intellectual,
emotional and neurovegetative functions
as a result of long-term toluene exposure,
have been mentioned primarily in case
reports (49, 55, 70, 74, 118). All cases in-
volved abuse of toluene over long periods
of time (from 3 years and up to 15 years),
but other solvents were involved to vary-
ing degrees.

With the use of various psychological
tests (intelligence, learning, psychomotor
and Rorschach tests) the effect of toluene
on the CNS has been examined (54, 81, 97).
In 21 % of a group of typographers ex-
posed on the average to 1,125 mg/m®* (300
ppm) for 33 years and in 40 %o of a group
of printers exposed on the average to
1,600 mg/m® (430 ppm) for 17 years,
“organic psychosyndrome” was diagnosed.
The tests involved a total of 110 persons
(97). Significant differences have also
been found, especially for psychomotor
tests results, in a comparison of 180 per-
sons exposed to solvents with a reference
group (81). Car painters (100 in all), in a
stratified sample with a low exposure
level to solvents (113 mg/m*® (30 ppm) of
toluene), showed small significant differ-
ences when compared with a reference
group (54). The differences were within
the limits of normal variation. Initial com-
parability was secured on the basis of
psychological tests from the military
service (54).

For boys (12—16 years of age) with 3
42 months of sniffing behind them, no
significant differences were revealed by
clinieal psychological tests (30).

Experimental exposure of humans to

toluene concentrations of 375—2,625
mg/m* (100—700 ppm) for 20 min (40) and
750 mg/m® (200 ppm) for 7 h (105) has
shown dose-related extention of simple
and choice reaction time, as well as re-
duced perceptual speed (40).

The neurotoxic effect of toluene has also
been examined by neurophysiological and
neuroradiological methods. Electroenceph-
alographic (EEG) changes have been de-
seribed in the case of sniffers (49, 55, 74,
118) and for workers poisoned during
the performance of their work (5, 133).
Neuroradiological examinations  have
shown signs of cerebral atrophia (55, 74,
118). Exposure to 3,750—19,500 mg/m?
(1,000—5,200 ppm) for 10—30 min (5) and
to 750 mg/m*® (200 ppm) for 6 h (126)
showed no significant changes in the EEG,
not even in four epileptics (5). )

However, increased EEG activity was
observed, even down to the odor thresh-
old, in subjects who were specially
trained to develop synchronous and well-
marked alpha rhythm when stimulated by
light. The changes in the EEG activity oc-
curred after exposure to 1 mg/m*® for 6
min, but not after exposure to 0.6 mg/m®
for 18 min (53). These findings are hard-
ly of any pathological importance.

Experimental exposure of rats to 3,750—
15,000 mg/m?* (1,000—4,000 ppm) for 4 h
showed dose-related changes in various
EEG components (134).

Increased CNS sensitivity has been de-
tected after eight weeks of exposure to
7,500 mg/m* (2,000 ppm) (convulsion
threshold for Bemegride®) (136), and a re-
duced learning capacity found in rats ex-
posed to 15,000 mg/m?* (4,000 ppm) for 2 h
a day for 60 d (59).

The odor threshold has been found to
be 1.5—3.2 mg/m* (range for 30 persons)
in the case of exposure to pure toluene
(53) and 10 mg/m?* {50 °/v) in the case of
exposure to a commercial product contain-
ing 46 %o toluene (22).

Peripheral nervous system

Toxic polyneuropathy has been observed
in connection with glue sniffing (48, 127).
In all cases the glue also contained n-hex-
ane, which must be presumed to be the
responsible etiologic factor.

In 38 women working at a factory pro-
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ducing boots and shoes, the findings in-
cluded significant changes in the reflexes
in 16—37 % and reduced grasping capa-
city of the dominant hand in 29 %o (92).
The possible existence of n-hexane cannot
be excluded in this case either.

In exposure tests symptoms of peri-
pheral neurotoxic effect (skin paresthesia,
muscular weakness) have been described
(103), but no changes in the galvanic skin
reflex or provoked vasoconstriction of the
fingers has been found (126).

Animal experiments involving exposure
to toluene and n-hexane did not support
the theory that toluene intensifies the
toxic effect of n-hexane on the peripheral
nervous system (127). Pure toluene expo-
sures of animals to 7,500 mg/m® (2,000
ppm) for 41 weeks caused effects on this
nervous system with a significant increase
of the threshold values for the electric
stimulation of muscular excitation and the
period of latency for muscular response.
The increase was not significant after 16
weeks of exposure. Exposure to 750 mg/m?
(200 ppm) for 49 weeks reduced nervous
conduction velocity, but exposure to 375
mg/m* (100 ppm) did not (90).

Blood and hematopoietic organs

Until the end of World War II toluene
was suspected of having the same hema-
totoxic effect as benzene. The literature
from this early period describes leukocyto-
penia, shift to the left of the white blood
picture, hyperplasia of the bone marrow
possibly changing into aplasia, decrease
in the number of erythrocytes and hemo-
globin percentage, and coagulation defects
involving a decreased number of throm-
bocytes (4, 50, 82, 83, 95, 147). In other
reports (79, 103), however, small or no
hematological differences have been men-
tioned. Only a few of these investigations,
e.g., von Oettingen et al. (103), discuss
possible benzene contamination.

In later clinical reports on exposure to
toluene with a low benzene content (be-
low 0.1 %), the formerly described he-
matological changes have not been found
9, 37, 92, 107, 125).

Case reports continue to be published
(11, 12, 26, 55, 64, 72, 86, 89, 108), and also
worksite isvestigations (24, 128), with find-
ings of bone marrow depression from var-
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ious types of toluene exposure (worksite,
hobby and sniffing). None of these cases
deal with exposure to pure toluene. In
one investigation 8,000 hematological ex-
aminations of printers over a five-year
period indicated changes in the erythro-
poiesis and erythrocyte pattern with an
increase in the number of immature cells
during the first year of exposure. How-
ever, the changes did not progress, and
this was interpreted as an adaptive phe-
nomenon. Toluene was mentioned as the
only chemical health hazard; possible
benzene contamination and other mixed
exposure were not mentioned (51).

In a considerable number of toxicologic
examinations of animals exposed to tol-
uene with a controlled, low content of
benzene, no hematotoxic effect has been
detected (17, 22, 35, 41, 42, 65, 91, 122, 133,
150). In the case of similar exposure to
mixtures of toluene and benzene, how-
ever, bone marrow depression has been
reported (35). Investigations have also
been made of the combined toluene-ben-
zene effect through the measurement of
the ""Fe incorporation in erythrocytes of
mice (13). Benzene inhibited this incorpo-
ration, but toluene did not.

Examinations of leukocytes have shown
histochemical changes such as an in-
creased number of leukocyte granules (37,
145) and Mommsen’s toxic granules (92),
as well as cytochemical changes such as
increased activity of acid and alkaline
phosphatases and lactate dehydrogenase
(37, 145). The number of leukocytes has
not been found to be affected by the daily
oral administration of 0.11 mol (10 g) of
toluene (16). Histochemical changes with
an increased number of leukocyte granules
have also been observed in rats (91, 133).

In human Iymphocytes an increased
number of nucleoli and an increased ac-
tivity of alkaline phosphatases have been
observed (37).

Liver

There are a few reports on acute rever-
sible hepatite after massive exposures to
toluene in connection with sniffing (49, 55,
102). All these cases also involved abuse
of other solvents, including alcohol.

The literature studied has not answered
the question of whether toluene has an



irreversible hepatotoxic effect (18, 69).
However, only a few investigations have
been made.

In a group of painters (aircraft industry)
the frequency of liver enlargement was
three times that observed in a reference
group. This finding has not been related
to the exposure level (50).

Normal liver function (electrophoresis,
serum colloidal stability and galactose
tolerance) (107) was observed in 13 roto-
gravure printers.

In about 50 of 100 rotogravure printers,
increased asparate aminotransferase, ala-
nine aminotransferase, glutamate dehyd-
rogenase, and gamma glutamyl trans-
ferase values were observed in serum.
However, the increase was not significant,
because increased values were also ob-
served in a similar number of 100 re-
ferents from the same factory (125). The
investigation did not consider possible
variations in the exposure levels and pos-
sible indirect exposure of the reference
group.

Another examination (129) of 94 roto-
gravure printers exposed to 300—1,900
mg/m?® on the day of the investigation and
a reference group of 30 municipal clerks
showed significant reductions in the bili-
rubin and alkaline phosphatase and a
slight, but not significant, increase in se-
rum asparate aminotransferase, alanine
aminotransferase, leucinamino-peptidase,
and cholinesterase.

A recent examination has shown that
exposure of rats to 1,000 ppm for 8 h a
day for 7 d caused significant increases
in serum asparate aminotransferase and
alanine aminotransferase (131).

Anomalies in the glucoprotein, serum
mucoid and haptoglobin patterns in 53
women (75) and changes in serum iron
and serum copper concentration (24) have
been interpreted by investigators to indi-
cate, among other things, a hepatotoxic ef-
fect of toluene. The summaries did not
however report on the purity of the tol-
uene.

By means of histological and histochem-
ical methods and electron microscopy, a
dose-related effect has been revealed with
respect to the number of mitochondria,
nuclear density and nucleus/cytoplasm ra-
tio (144), along with changes in the liver,
with signs of increased detoxification ac-

tivity in the liver (increased succinate
dehydrogenase activity, increased number
of mitochondria and a smooth endoplasmic
reticulum, decreased Best carmine stain-
ing and positive periodic acid Schiff stain-
ing) and signs of degeneration of the cells
(dilatation of the endoplasmic reticulum
and an accumulation of vacuoles as a sign
of autophagocytosis). These changes quick-
ly disappeared after exposure. The re-
generative property of the liver after
hepatectomy was not significantly af-
fected by exposure to toluene (57).

Kidneys

Acute poisoning of toluene sniffers has
caused reversible kidney damage (102);
hematuria (88); reversible, type 1 renal
tubular acidosis (132); hypokalemia (70,
132) and proteinuria (70). Symptoms of
muscular weakness, presumably due to
hypokalemia, disappeared when the fluid-
salt balance had been reestablished (70,
132).

Massive exposure to toluene for 18 h
during an occupational accident resulted
in kidney failure with oliguria presumably
caused by dehydration and myoglobinuria
(111). Exposure for a shorter period of
time did not show any anomalies in the
urine (84, 92). Also in a number of animal
experiments pathological kidney changes
have been observed (22, 35, 91).

Heart

A number of experimental exposures of
humans to toluene have not shown any ef-
fect on pulse, blood pressure and electro-
cardiographic parameters (2, 103). How-
ever, other experiments with exposure
have shown a tendency towards increased
diastolic pressure and a slower pulse rate
(105, 126). In animal experiments massive
doses caused a number of electrocardio-
graphic changes (96, 138), and at the same
time the heart was sensitized to asphyxia
with a possibility of developing 2—1 block
(138).

Hormone-producing organs

Women exposed to mixed solvents con-
taining toluene developed paramenia in
some cases (93, 128). A case-referent study
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of women working at a boot and shoe
factory described a significant increase in
the number of cases of paramenia (92).
Besides, a pathological picture has been
described showing hypofunction of the
diencephalon-hypophysis-adrenal  cortex
system, designated as the diencephalon
syndrome, in two workers at a factory
producing paints and lacquers (135).

The effect of toluene on the adrenal
glands has been examined in experimental
exposure of rats (133, 137) with reported
findings of a reduced organ weight/body
weight ratio after long-term exposure.
Eosinophil cells in the blood changed
initially but gradually normalized. The
11-hydroxycorticosteroid concentration
appeared to increase immediately after
the onset of exposure and to fall to normal
values after long-term exposure. Histo-
logically thicker zona glomerulosa and
dark atrophic zona fasciculata and reti-
cularis were observed.

Fetus

There have been two cases reported in
which women working with a solvent con-
taining toluene and trichloroethylene
(mean daily dose 372 mg/kg and 405
mg/kg, respectively) have born multiply
deformed children (34). Exposure of mice
to the same solvent (mean daily dose 157
mg/kg and 406 mg/kg, respectively) during
gestation caused no malformations, but a
weight reduction of the fetus at delivery
and a decrease in rate and length of
gestation, as well as unspecifically de-
scribed damage to the ova, was observed
(34).

Respiratory tract

An irritative effect on the respiratory
tract has been attributed to toluene (5, 18,
43). In a number of occupational accidents
on ships with an estimated short-term
exposure to between 37,500 and 112,500
mg/m* (10,000-—30,000 ppm), there were no
complaints of irritation to eyes, throat or
lungs among 26 men (84).

Eyes

Keratitis has been observed in furniture
polishers exposed to mixtures of aromatic
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hydrocarbons, esters (acetates) and alco-
hols (119). The instillation of solvents onto
the eyes of cats and the evaporation of
solvents in front of the eyes of furniture
polishers has shown that toluene caused
the strongest irritation (119). This finding
was not confirmed by investigations in
which the solvent was instilled directly
onto one eye of rabbits. In the latter case
only a momentary irritation of the con-
junctiva was observed (150). In spray
painters exposed to concentrations of up
to 4,125 mg/m* (1,100 ppm) of toluene, no
pathological changes were noted in the
eyes (50).

Skin

Toluene is a fat solvent and degreases the
skin, which may develop toxic contact
dermatitis as a consequence (18, 43).

Allergic effects

Allergic effects on the skin have not been
observed after toluene exposure. A few
investigations attribute disturbances in
the immune system, detected in the im-
munoglobulins and leukocyte agglutinins,
to toluene (77, 78). However, the exposure
also involved benzene. Autoimmune glo-
merulonephritis has also been attributed
to exposure to mixed solvents, but not
specifically to toluene (14).

GENOTOXIC EFFECTS

Mutagenesis in submammalian systems

No mutagenic effect of toluene in sub-
mammalian systems has been observed
@7).

Chromosomal aberration

Cytogenetic investigations of lymphocytes
in printers exposed to toluene in 1967
showed no significant increase in the
number of chromosomal aberrations when
this group was compared with a reference
group (36). More recent investigations of



typographers (in 1977), showed, however,
a significantly increased frequency of ab-
normal lymphocytes and chromosomal
breaks but no increment in sister chro-
matid exchanges (39).

A daily subcutaneous injection of 8.7—
11.0 mmol (0.8—1.0 g) of toluene/kg of
body weight to animals for 12 d caused
an increased frequency of chromosomal
aberrations in comparison with the fre-
quency found in a control group (13.7 and
4.2 Y%, respectively). The same quantita-
tive pattern was observed at benzene con-
centrations which were four times lower
(28, 85). The chromosomal aberrations
occurred before the hematological changes
and lasted longer after exposure (29).

Carcinogenic effect

The majority of 401 patients suffering
from serious diseases (lymphoid leukemia,
bone marrow aplasia, myeloid leukemia
and myelofibrosis) had been exposed to
benzene and toluene (46). Data on the ex-
posure have been obtained from various
sources and involve a number of uncertain
factors. It is not possible to judge the
comparability with the control group.

BIOLOGICAL INDICATORS OF
EXPOSURE

Toluene or its metabolites are found in
alveolar air, blood and urine during and
after exposure.

During exposure the alveolar air con-
centration is 25—40 °/v of the concentra-
tion in the inhaled air, all depending on
the work load and the duration of ex-
posure (2). The alveolar air concentration
follows the changes in the concentration
in the inhaled air. After exposure the
alveolar air concentration falls in the
course of 5 min to about 10 %o of the
exposure level. Thereafter the concentra-
tion falls at a slower rate (2), correspond-
ing to the two last terms of equation b.

During exposure the arterial blood
concentration is linearly dependent on the
alveolar air concentration in that the
distribution coefficient is constant and
independent of the work load, 12—17 in

vivo (average 15) (2). With exposure to
100 ppm the arterial blood concentration
is about 8—22 ymol/l (0.7—2 mg/l), de-
pending on the work load and the
duration of the exposure.

After 30 min of exposure the venous
blood concentration is 30—40 °/o of the
arterial blood concentration at rest, and it
increases during the workday with con-
stant exposure. During work the content,
expressed as percentage, increases to
about 60 %o in the course of 20—30 min (2).

The arterial blood concentration after
exposure follows the alveolar air con-
centration. During the first 10—15 min
after exposure the correlation between the
alveolar air, arterial blood and wvenous
blood concentration is high (2). After 30
min the venous blood concentration is still
relatively high. The venous blood con-
centration reflects the absorbed quantity
of toluene to some degree.

The hippuric acid content in serum
correlates well with the exposure level
and the hippuric acid content in urine (7).
Ninety-eight rotogravure printers exposed
to an average of 101 mg/m* (27 ppm) of
toluene showed mean (X SD) levels of
24 * 17 umol (4.3 £ 3.0 mg) of hippuric
acid/l of serum and 12.3 * 8.4 mmol (2.2 *
1.5 g) of hippuric acid/l of urine (7). A
control group had 11 * 6 xmol (1.9 % 1.0
mg) of hippuric acid/l of serum (7).

About 70—75 %o of retained toluene is
converted to hippuric acid, which is ex-
creted in the urine. Exposure to 375
mg/m* (100 ppm) for 8 h at rest should
theoretically result in a total excretion of
about 5.6 mmol (1 g) of hippuric acid.
During the performance of light work a
total of 11.2—16.8 mmol (2—3 g) of
hippuric acid is excreted (63, 105). A con-
trol group excreted, on the average, 1.7
mmol (0.3 g) (79). The correlation of ab-
sorbed toluene with the excreted quantity
of hippuric acid is high (105).

In studies of occupational exposure, it
is difficult to procure 24-h urine. There-
fore investigators usually collect a speci-
men at the end of the workday when the
excretion of hippuric acid is at its maxi-
mum {104, 105). A linear correlation has
been found between hippuric acid con-
centration and toluene exposure (60, 63)
and the toluene concentration in the
blood (33). But there are very wide
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variation limits. Regression lines showed
approximately 11.2 mmol (2 g) of hippuric
acid/g of creatinine at 10.9 ymol (1 mg) of
toluene/l of blood (33) and about 16.8
mmol (3 g) of hippuric acid/g of creatinine
at 100 ppm (105). Correlating the hippuric
acid in the urine to exposure to toluene is
difficult in that hippuric acid is a normal
constituent of urine. It comes from food
(especially from fruit and canned food)
and from endogenous protein catabolism
(phenylalanine). Persons not exposed to
toluene excrete about 5.6 mmol (1 g) of
hippuric acid in 24 h, but in this case too
there are wide variations from one person
to another, from one time of year to an-
other, and from one country to another.

RELATION BETWEEN EXPOSURE,
EFFECT AND RESPONSE

In humans, effects on the CNS, the blood
and the hematopoietic organs, the liver
and the heart, and in the form of para-
menia have been noted. These effects
have been observed in the case of short-
term exposures to high concentrations
(minutes — few hours) and/or long-term
exposures to lower concentrations [work-
days — years, up to 1,125 mg/m*® (300
ppm)]. Effects only in the case of long-
term exposures to massive concentrations
or short-term exposures to narcotic and
sublethal concentrations have not been
considered.

Short-term exposure to high
concentrations

A 3-h exposure to 2,250 and 3,000 mg/m?*
(600 and 800 ppm) has caused extreme
fatigue, mental confusion, headache,
nausea, and dizziness (103). Exposure to
an estimated 18,750—37,500 mg/m®* (5,000
—10,000 ppm) for 1 min has caused in-
toxication and a sensation of respiration
trouble followed by unconsciousness (84).

Changes in psychomotor functions have
been observed in 12 persons exposed for
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four successive sequences of 20 min to 375,
1,125, 1,875 and 2,625 mg/m?* (100, 300, 500
and 700 ppm), respectively, in the inhaled
air and with analogous control exposure
(40). All test parameters (simple reaction
time, choice reaction time and two tests
in perceptual speed) showed a significant
dose-response relation. The simple reac-
tion time was the most sensitive of all,
being significantly slower at 1,125 mg/m?*
(300 ppm) (8 out of 12 experimental sub-
jects). The choice reaction time was
significantly slower at 1,875 mg/m® (500
ppm), and the two tests in perceptual
speed were significantly poorer at 2,625
mg/m* (700 ppm).

Long-term exposure

Occupational investigations and exposure
tests have described neurological symp-
toms beginning with exposure to 375—
750 mg/m*® (100—200 ppm) over 8 h and
increasing at elevated exposure levels (23,
103, 147). No statistical or other quanti-
tative evaluation has been made of the
dose-response relation.

Reduced reaction time has been report-
ed after exposure involving 23 students to
750 mg/m?* (200 ppm) for 7 h (105).

Furthermore, changes have been ob-
served in intellectual, emotional, and psy-
chomotor functions and in the personality
of various groups of occupationally ex-
posed persons (54, 81, 97).

Normally, it is not possible to deter-
mine the actual exposure level, and often
mixed exposures are involved (54, 81). An
investigation at a rotogravure plant where
the printers were primarily exposed to
toluene showed ‘“organic psychosyndrome”
in 21 % of a group exposed to about 1,125
mg/m?® (300 ppm) against 40 °/o of another
group exposed to approximately 1,613
mg/m* (430 ppm). The average duration
of exposure was 18 and 12 years (97).

In five experimental subjects exposed
to 750 mg/m?* (200 ppm) for 6 h, increased
EEG activity has been observed, but no
significant difference was found in a com-
parison with five controls (126).

Exposure to 161—3,000 mg/m?* (43—800
ppm) at a rotogravure printing plant
caused an increased number of leukocyte
phosphatases (acid and alkaline), lactate
dehydrogenase and lymphocyte phospha-



tase {(acid) (37, 145). At 375 mg/m® (100
ppm) (primarily toluene) in the footwear
industry an increase in the number of
granules in the neutrophilic leukocytes
has been observed (92). Pure toluene ex-
posure at the exposure levels mentioned
does not produce any other certain
changes in hematological parameters.

Rotogravure printers excreting 11.2—
35.8 mmol (2.0—6.4 g) of hippuric acid/l
of urine and having 0.37—1.76 ;mmol (33.6
—161.5 pg) of toluene/100 g of blood (cor-
responding to exposure to about 50—300
ppm of toluene) had significantly lower
values for alkaline phosphatase and serum
bilirubin than did a reference group (129).
The values, however, were within the nor-
mal range. Serum concentration values of
asparate aminotransferase, alanine amino-
transferase, lactate dehydrogenase, and
leucinamine-peptidase at the same expo-
sure level were generally high but not
significantly different from the values of
the reference group (125, 129). Liver
enlargement has been observed in painters
exposed to 188—4,125 mg/m”® (50-—1,100
ppm) but without mention of any dose-
response relation (50).

Reduced pulse rate has been observed
at the end of 6—7 h of exposure to 750
mg/m® (200 ppm) (105, 126).

Exposure to about 375 mg/m?® (100 ppm)
(essentially toluene) significantly increased
the frequency of paramenia in women
working at a boot and shoe factory (92).
Paramenia caused by mixed exposure has
also been mentioned by other authors (93,
128), but the exposure concentrations were
not specified.

Recent cytogenetic investigations of
typographers exposed to an average of
375—750 mg/m* (100—200 ppm) of toluene
for 2—26 years with maximum values of
up to about 2,625 mg/m® (700 ppm) showed
chromosomal aberrations (39). There was
no dose-response relation established but
perhaps a tendency towards more frequent
chromosomal aberrations with increasing
age. Animal experiments have also shown
chromosomal aberrations after subcutane-
ous doses of about 10 mmol (0.8—1.0 g)/kg
for 12 d. These aberrations were revers-
ible (28, 29, 85).

No certain teratogenic and carcinogenic
effects have been observed for toluene
(34, 46).

DISCUSSION AND EVALUATION

In the work environment toluene comes
into contact with the skin and the res-
piratory tract primarily in the form of
vapors or liquid.

Only very small quantities of toluene
vapors are absorbed through the skin.
Liquid toluene can be absorbed through
the skin, from which further distribution
is difficult. The risk of intoxication as a
result of skin exposure will, in the case of
normal occupational use (cleaning in-
cluded), be extremely small because tolu-
ene quickly diffuses out again after skin
contact ceases. Inhalation of toluene
vapors is therefore the only real in-
toxication hazard in the work environ-
ment.

On an average 50 % of inhaled toluene
vapors is absorbed by the body. The
amount absorbed increases as the work
load (2—3 times), fat deposits, or inhaled
air concentration increases. The absorp-
tion may reasonably be described by
mathematical models.

Absorbed toluene is distributed through
the blood to tissues and organs. With the
exception of fatty tissue the concentration
in the organs will be one to three times
higher than that in the blood. The toluene
concentration in fatty tissue is about 80
times higher than that in the blood. This
difference also indicates that there may
be a considerable concentration in the
lipid-rich structures of other organs and
tissues, such as nervous tissue in both the
peripheral and central nervous system.
Accumulation in fatty tissue is very slow,
because the supply of blood is small. But
nervous tissue is amply provided with
blood wvessels, and therefore relatively
high local concentrations of toluene may
quickly accumulate and create symptoms.

Fifteen to twenty percent of inhaled
toluene is exhaled unchanged. Besides,
small quantities are excreted unchanged
in the urine. The rest of absorbed toluene
is converted to benzoic acid. Most of this
(about 80 °/o) is conjugated with glycine
and excreted as hippuric acid in the
urine. The remaining 20 %/ of benzoic acid
is conjugated with glucuronic acid and ex-
creted in the urine as glucuronide. A very
small part of the toluene may possibly be
converted to phenolic derivatives and ex-
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creted as glucuronides and sulfates in the
urine. Other products and excretions are
of no importance. Women eliminate, less
toluene through the lungs, while their
initial rate of excretion of hippuric acid
is higher than that observed in men.

The conversion and excretion of toluene
may be affected by food, medicine and
some other solvents. The quantity of ex-
creted hippuric acid is increased by food
rich in glycine and by medicine inducing
the metabolic enzymes of the liver. Per-
sons having no exposure excrete varying
quantities of benzoic acid contained in the
food consumed. The biotransformation of
toluene is inhibited by analogous chemical
compounds such as benzene and styrene
and by trichloroethylene. This inhibition
is reciprocal. In the course of the biotrans-
formation of toluene benzyl radicals and
epoxides may be formed.

Exposures of short duration have main-
ly caused reversible inhibition of the CNS.
A stimulating effect has also been ob-
served, however. This effect has been reg-
istered as symptoms (such as headache,
fatigue, nausea and dizziness) in exposure
to 750 mg/m?* (200 ppm) for 8 h, the symp-
toms increasing with exposure to higher
concentrations. However, symptoms have
also been detected in some individuals ex-
posed to toluene levels of 188—750 mg/m?
(50—200 ppm) (103, 147).

Significantly increased reaction time
has been reported after 20 min of expo-
sure to 375 mg/m*® (100 ppm) followed by
20 min of exposure to 1,125 mg/m?* (300
ppm) (40) and after 7 h of exposure to 750
mg/m?* (200 ppm) (105). The reaction time
was not increased in the case of exposure
to 375 mg/m®* (100 ppm) for 20 min. On
the basis of this evidence it is not possible
to fix any lower limit in respect to the
beginning effect of an 8-h exposure to
toluene on simple reaction time. At 750
mg/m*® (200 ppm) a certain effect was
detected. Exposure to 750 mg/m® for 6 h
resulted in increased nonsignificant EEG
activity (126).

As is the case with other solvents,
toluene exposure of long duration may
presumably cause irreversible damage to
the CNS with a reduction in intellectual,
psychomotor and emotional functions —
often included under designations such as
psychoorganic syndrome and presenile
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demens. This assumption is primarily
based on a number of case reports and on
some comprehensive occupational investi-
gations involving case-referent studies (49,
55, 70, 74, 97, 118). Neurophysioclogical
and behavioral examinations of animals in
toxicologic studies made in recent years
support this view.

Such an effect on the CNS has been ob-
served in 21 and 40 %/ of groups exposed,
at the time of investigation, to an average
of 1,125 and 1,613 mg/m* (300 and 430
ppm) for average periods of 18 and 12
years, respectively (97). The same effect
may be detected at even lower exposure
levels, but the investigations made are not
suitable for establishing a nonresponse
level (54, 81).

There are still many uncertain factors
because the basis of human diagnosis is
not very specific and because it is very
seldom possible to determine exposure
levels in a satisfactory way.

Toluene has not been proved to cause
irreversible damage to the peripheral
nervous system. n-Hexane and ethyl
alcohol alone may explain the findings of
polyneuropathy mentioned in connection
with toluene exposure.

In the literature there is general agree-
ment that toluene does not have the hema-
totoxic properties of benzene. Besides, it
has not at all been possible to detect any
hematotoxic effect in a number of well-
controlled occupational investigations and
in animal experiments using pure toluene.
A number of investigations indicate, how-
ever, that toluene affects the morphology
of the leukocytes. What these findings
mean has not been fully clarified. Further-
more, there is still some uncertainty as to
the effect of contamination with small
coricentrations of benzene. The effect on
the morphology of the leukocytes has been
reported with certainty in the case of
exposures of longer duration to 375 mg/m?®
(100 ppm) (glue primarily containing
toluene) (92). Effects on leukocyte and
lymphocyte enzymes, as well as lympho-
cyte morphology, have also been observed
in the case of exposures in the range of
161—3,000 mg/m* (43—800 ppm) (pure
toluene) (37, 145).

Reversible toxic hepatite has been re-
ported after exposure to large quantities
of toluene. No reports are available indi-



cating that toluene may cause irreversible
damage to the liver.

In rats injected intraperitoneally with
about 1 mmol (0.1 ml) of toluene/100 g of
body weight for 12 d, increased biotrans-
formation activity in the cells of the liver,
and signs of cellular degeneration have
been observed. These changes are rever-
sible and quickly normalize after expo-
sure (144).

Reports on the hepatotoxic effect of oc-
cupational exposure to toluene are incon-
sistent both in respect to quite normal
findings of concentrations in the enzymes
of the liver and in respect to increases in
comparisons with reference groups. This
inconsistency may be due to variations in
sampling times and alcohol consumption.

The effect of toluene on liver enzymes
and serum bilirubin concentrations has
been observed in the case of excretion of
hippuric acid of 11.2—35.8 mmol (2.0—
6.4 g)/1 of urine or 0.37—1.76 ymol (33.6—
161.5 pg) of toluene/100 g of blood [cor-
responding to an exposure level of about
188—1,125 mg/m* (50—300 ppm)] (129).

Massive and more-or-less long-term
exposure to toluene has caused reversible
damage to the kidneys, possibly by affect-
ing the epithelium in tubuli renales with
consequent disturbances in their transport
functions. Lower concentrations do not
seem, however, to cause clinically detect-
able effects on the kidney.

There are few and inconsistent reports
available on the effect of toluene on the
heart, determined by pulse rate and blood
pressure of humans. Seven hours of ex-
perimental exposure to 750 mg/m?* (200
ppm) have produced a reduced pulse rate
and a possible effect on diastolic pres-
sure (105, 126).

At 375 mg/m® (100 ppm) (glue primarily
containing toluene) a significantly in-
creased frequency of paramenia has been
observed (92). Other investigations men-
tion similar findings but without indicat-
ing the exposure level and possible con-
tamination of toluene with benzene.

Experimental examinations of animals
and some clinical observations indicate
that toluene has an inhibitory effect on
diencephalon, on the hypophysis, and on
the adrenal glands; but only a few reports
are available.

Toluene causes only minor irritation of

the respiratory tract. High concentrations
of toluene may slightly irritate the eyes.
Neither experience from occupational ac-
cidents involving splashes of pure toluene
onto the eyes nor experimental examina-
tions of animals indicate that toluene
can cause permanent eye damage.

There is inconsistent information avail-
able on the genotoxic effect of toluene on
human cells. Average concentrations of
up to about 1,039 mg/m?® (277 ppm) of tol-
uene, with peak values of up to about
3,090 mg/m* (824 ppm), did not result in
chromosomal aberrations in the case of
exposure for 3—15 years (36), but expo-
sure for 2—26 years did (39).

The most sensitive indicators of toluene
action are a number of symptoms in the
CNS and in the psychomotor functions.
Besides, it has been stated that like a
number of other solvents toluene may
cause chromosomal aberrations, probably
reversible, in human lymphocytes. Para-
menia has also been mentioned. Finally,
it has been observed that toluene affects
certain blood cells and their enzymes, as
well as liver cells and the liver enzymes
in serum. The clinical importance of these
findings has not been clarified.

A number of the reported effects have
been observed at high exposure levels.
Very few observations have been made at
exposure levels of 0—375 mg/m* (0—100
ppm). There are no reports on the dose-
response relationship over an 8-h work-
day at these concentration levels.
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